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Introduction

This was the first full biennial period of operation of the

20 UD electrostatic accelerator TANDAR. The first beam had been

run on November 1984 and the accelerator is In regular scheduled

operation since September 1985. Much effort has been devoted to

insure a good performance of the tandem: some to improve the cond¿

tions and most to solve various problems appeared during regular

operation. A number of methods and devices have been developed to

Increase the performance of the whole facility.

The experiments using the beams of the accelerator could

proceed within the limitations Imposed by the Insufficiency of the

peripheral equipment. Slowly, new facilities have been added. An

important improvement was the completion of a data acquisition

system. The first papers were published in this period. This

Report tells about experiments such as scattering, fusion and

transfer at energies near the Coulomb barrier; decoupled struc-

tures in odd-odd nuclei; or irradiation-Induced defects used to

study phase transitions in single crystals. Also some work is

reported in applied physics.

The importance of solid state physics in the activities of

the Department has steadily increased during this period. This

fact is reflected by the growing interest of graduate students in

the subject. The experiments in this area Included Mossbauer spec-

troscopy and diffractometrlc crystal studies, as well as the

above-mentioned heavy ion irradiation techniques. Here too new

facilities are being added.

Progress in theoretical studies are also reported: the

traditional work in nuclear structure, nuclear reactions and solid

state physics, but also some new research on chaotic systems and

high T superconductivity.

The highlight of this period was the official dedication, on

October 23, 1986, of the TANDAR Accelerator. We purposefully per-

formed this event after one year of successful use of the electros

tatic accelerator and after some papers had already been presented

to the consideration of the scientific community. We also took ad-

vantage of the fact that representatives of Institutions of

developing countries had gathered in Buenos Aires to study a

scientific cooperation programme around the TANDAR facilities. We

wanted in this way to emphasize our conviction that, though

science cannot grow isolated from the first world centres, only
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the horizontal collaboration will ensure the development of our

countries.

On that occasion I expressed, In the name of the Physics

Department, what that celebration meant for all of us. We remem-

bered some features of the history of the Department as the basis

for the present achievements: the efforts In technical and scien-

tific (graduate) education, the sending off of people to good labo

ratories abroad to learn and tie useful scientific connections,

the establishment of conditions for the return of the scientists

and to avoid the brain drain, the permanent collaboration between

pure and applied physicists and engineers, the reluctance to buy

or receive closed technological packages and the search for

maximal participation of local Industry, the unwillingness to

accept without analysis what many take as granted, the permanent

preservation of democratic traditions for the election of the

Department Chairpersons and the taking of decisions. We also used

this opportunity to express our gratitude to the many that have

made possible the completion of this laboratory: to the common

citizen that pays for our work in the hope of a better future, to

the Atomic Energy Commission that provided the means for an

endeavor of this magnitude and the stability needed for the

achievement of long-term goals, to Its employees that helped us in

many ways, to the contract companies and to our families. Special-

ly three persons were mentioned: Mr. R.Ardlto, head of our elec-

tronic workshop, detained and disappeared, whose abduction eleven

years ago gave us much pain and bewilderment, Dr. M. Mariscottl who

was absent on this act of dedication, and had been the Chairman of

the Department for most of the Accelerator construction and

Installation, and Dr. Emma Pérez Ferreira who was the Project

Manager and also chaired the Department for many years. Finally, I

stated my belief that the Inauguration of the TANDAR Accelerator

meant that a match against underdevelopment had been won on Its

own field but with our own rules.

President Alfonsin in his inaugural speech referred to his

previous visits to the Atomic Energy Commission as well as to

other projects of high scientific and technological contents and

how they had Impressed him In the sense that Argentina could win a

place In the developed world of tomorrow. He said that the country

was proud of its scientists. He made several remarks about the

need of avoiding the introduction of closed packages of technology

and the role scientist could play In the opening of such packages

to the benefit of local development. He expressed the country
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hopes that the TANDAR Laboratory should become an excellenct

centre In close relations with the university. He stressed that

clear objectives and good working facilities would help to avoid

the migration of young scientists and to create the conditions for

the return of the many who had to leave the country In the past.

In this sense he remembered the sad history of the science in

Argentina and made a call to government and people for a commit-

ment that never again scientists should live in the defeatism and

fear, and never again the intellectual endowment of Argentina

should be destroyed.

We thank Dr. V.Massldda for the editing of this Progress

Report and Ms. Maria Grehan for the typing.

Ernesto E. Maqueda

September 1988
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I. TANDAR

I.a Accelerator

I.a.l Terminal potential stabilizer for the 20 MV

accelerator.

J. Bergagllo, C. Bolaños and S. Tau

A new printed circuit board was designed for the terminal po-

tential stabilizer system, adding to It a Notch filter adjusted

for optimum 50 Hz rejection. Using this circuit the voltage stabil.

lty In the GVM mode (generator-volt-meter) is better than 0.02JÍ.

I.a.2 Non-intercepting monitor of beam current and position.

S. Tau

A prototype for the measurement of current and position of

short duration pulsed beams has been developed. The monitor con-

sists of a resistive band inserted in the beam pipe wall with con-

nections for reading voltage across the band along vertical and

horizontal axis. Return current equal In magnitude to the beam cur

rent flows on the beam pipe Inside the wall and through the resis-

tive band. If the beam is centered, equal voltage is induced on

all four monitor connections. If the beam is off-center the return

currents are asymmetrical and unequal voltages appear at the moni-

tor connections. Beam current is proportional to the sum of all

monitor voltages while beam position is approximately proportional

to the difference in voltage at opposing monitors.

These measurements are done without intercepting or apprecia-

bly affecting the beam.



I. a. 3 Heavy Ions accelerator operation.

Operation staff of TANDAR

The heavy Ion accelerator has been under routine operation

during this whole period, except for two and a half months start-

Ing In September 1986, when some test works were done.

The machine ran for a total of 7146.5 hs during these two

years, with 4380.5 hs. of beam on target. The Fig.1 shows the dis-

tribution of the total available time for operation. From there, It

results that the accelerator has worked 67.3 'A of the time, with

41.2 V. of the time with beam on target.
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This Is a really good performance for an accelerator of this

kind, mainly for their initial time. The machine was operated all

day round from Monday to Saturday noon.

The terminal voltage ranged from 4.5 MV up to IS. 5 MV. In

order to increase the terminal voltage some conditioning must be

done In the future.



During these two years oF operation, some failures required

special care, for example:

1) Vacuum leaks, specially one of them, that introduced into

the vacuum system a big amount of SF , with serious damage of the
6

ion pumps. The hard Job of disassembling all the pumps was neces-

sary in order to clean them according to manufacturer's specifica-

tions.

2) The communication with the CAMAC crate Inside the tank was

lost during several months, due to the failure of the CRT micropro

cessor. Thanks to redundant control system the accelerator could

be kept running.

3) Charging chain drive motor timing belts required replace-

ment, and new ones of polyurethane with steel cord were tested, but

they failed and the standard belt of neoprene seems to be more

suitable.

4) Realignement in the low energy side of the machine re-

sulted in a noticeable improvement Vi. the transmission through the

machine.

ACCELERATED BEAMS
1U6G/B7

200 -

H 2H 7L¡ 12C 13C 14N 160 180 19F24Mg28S¡ 32S 58MÍ

ION

Fig.2



5) The pulsing system installation was completed and some

tests were performed.

6) A very careful realignement of the rotating shafts assem-

blies was done In order to reduce to an acceptable minimum the vi-

brations in the accelerator's column.

Six different experimental beam lines were used at TANDAR,

with a variety of ion beams shown In the Fig. 2.

The energies of the ions ranged from 24 to 200 MeV.

A major problem was the failure of some intercoolers of the

vacuum pumps in the SF gas handling plant. Water leaks through

the pipes flooded one of the Roots systems. The latter had to be

disassembled and a new set of intercoolers had to be made with

more reliable materials.

*
N.Fazzini, H.González, A.Morales, R.Alvarez, B.Cabello, N.

Lema, C.Miguez, J.C.Palacio, L.Schevenels.

I.a.4 Beam optics of the TANDAR accelerator.

D.O.Martinez and A.M.J.Ferrero

A beam optics study of the TANDAR accelerator was made. In

order to simulate the accelerator from the ions source to the tar-

get, the OPTICS II code was used. A modification in the location

of the charge selector in the terminal proposed by NEC was evalu-

ated. This study showed that the modification is not important, so

it was decided not to perform It.

On the other hand, an interactive code which sets up the

accelerator parameters for all types of ions and beam energies was

developed.

Finally, the beam einittance was measured, and the result was

in good agreement with the NEC specifications.



I.a.5 Beam energy calibration of the 20MV Tandem accelerator

at Buenos Aires.

A. Garcia", S. Gil, D.E. DiGregorio, A. Etchegoyen,

J.O. Fernández Niello, A.M.J. Ferrero, A. J. Pacheco

and J.E. Testoni.

We present a simple technique for beam energy calibration of

a large Tandem accelerator. Inverse kinematic reactions H( C, H)

and 'HC^F, *H) were used.

By measuring the energy of the recoiling proton we have been

able to determine several beam energies. In order to calibrate the

detectors in a wide range of energies, we used alpha particles

emitted from both standard alpha sources and alphas up to 10 MeV

from the Fr and Ac Isotopes. These nuclei, which have very short
12 209

half-lives, were produced on line from the C + Bi fusion

reaction.

Finally, the calibration constant of the analyzing magnet was

obtained with an estimated error of 0.5'/..

Universidad Nacional de TucumáJi, Argentina.

I.a.6 Radiation safety system.

S. Tau

During the present period, 10 neutron detector sets were re-

ceived . INa scintillation detectors are used in these systems,

followed by preamplifiers and logical Interlocking devices. After

Installation and tests, trigger levels were properly adjusted. The

system shows good reliability.

(1) CNEA NT-11/86



I.b. Laboratories

I. b. 1 Ion source laboratory activities.

A.Terslgni

At the present time we have completed the works to improve

the injector output with its present ion sources to be able to op-

erate during the 24 hours from Monday to Saturday.

We have made changes in the sputtering negative ion source

with severe.! ions to better its performance. The Alphatross source

was installed in the laboratory to observe its working before plac

ing it in the injector. At first we made the test using as a posi-

tive ion source He and then the negative Ion He with an efficien

cy In the charge exchange channel of 27. and 3fiA He In the Faraday

cup.

Travels have been made to interchange technology and get tech

nlcal training. Members of the laboratory visited Brookhaven Na-

tional Laboratory, Florida University and Oak Ridge National Labo-

ratory (USA), Padova (Italy) and Sao Paulo (Brazil).

Besides the inherent operations of the Injector and the ion

source, a physics educational service is given to about 300 per-

sons that visit the TANDAR weekly on the school time. Every Satur-

day we give a physics course, called "Lab. 0", to 60 pupils coming

from the last year of secondary school.

Didactic materials from this laboratory have been shown dur-

ing the V Reunión Nacional de Educación en la Física (REF 5) in

Mar del Plata, the International Fair of Science in Gualeguaychú,

Entre Ríos (Argentina), and in the youngs meeting of the program

"La ciencia invita a los Jóvenes". The latter was attended by pro-

fessionals and pupils of "Lab. 0" by means of the SECYT program to

treat educational activities.

We are now bui ing a test bench with inflection magnet of

90° and M E/q2 = 30. This facility will provide us with more lnfor

mac Ion about our ion sources and speed up the development of new

sources to replace those now Installed in the injector.



I•b.2 Development of stripper folis.

H. Grahmann, A.Fllevlch, O.Ruiz

Using the chamber Installed in the injector beam line a test

has been performed to evaluate the performance of the stripper

foils.

The method takes advantage of the large radiation damage

(de/dx) Induced in solids by low energy charged particles to pro-

duce rupture in the stripper foils in a time much shorter than

that required in the accelerator's high voltage terminal.

Standard cracked-ethylene carbon stripper foils were mounted

in a rotary target holder in front of a Faraday cup and bombarded

by a 150 keV, l.S |¿A 12C~ beam produced by the injector. A closed-

circuit T.V. camera was used to detect the moment of rupture.

It was found that In these conditions foil breakdowns are pro

duced in average In a few minutes in comparison with many hours

(or even days) in normal working conditions at the high energy ter

minal. Thus this method constitutes a good tool for efficient simu

lation of foil working conditions and will allow a fast evaluation

of the different fabrication procedures.

I.b.3 Radiological safety.

M.C.F.Q. de Galla, C.Giménez and H.Di Paolo

Several operational aspects of the TANDAR accelerator gener-

ate concerns about potential personnel exposures. The Radiation

Safety Group is committed to keeping personnel radiation exposure

as low as reasonably achievable (ALARA). In that context, during

the 1985-1987 period the group have provided protection advice to

TANDAR operating staff and researchers.

Other activities carried out by the Radiation Safety Group

were:

- Preparation of the TANDAR Safety Report.

- Training of the operating personnel In principles of radia-

tion protection relevant to the facility.



I.e. Kuclear facilities

I.c.l Position controller for a movable electrostatic steerer

A.Alhadeff, J.Bergaglio, C.Bolaftos, B.Ietri and S.Tau

A controller was developed as well as a special DC motor for

the 60 KV movable electrostatic steerer. Two switches in the con-

troller front panel are used to move the steerer position at two

different speeds, one fast and the other slow, for fine

adjustment. The direction of motion can also be reversed.

Due to the required precision in the position read-out a

digital display of 4 1/2 digits was developed. The system can be

operated locally from the experimental area or remotely from the

data acquisition room. A diagram of the system is shown.
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I.e. 2 Storage controller for half-lives measurements.

J. Bergaglio, C. Bolanos and S. Tau

This controller was designed for the measurements of half-

llvas larger than 100 ms. The controller works together with other

equipment already existent in the laboratory such as a preadjust-

able clock (Intertechnique mod. HC41), a multichannel analyzer

with Its memory divided in 8 groups (Intertechnique mod. BA163), a

vertical deflection power supply and the movable tape collector

system.

A switch selects between single or repetitive cycles and two

potentiometers in the front panel allow adjustment of the time the

beam hits the collector tape (for the accumulation of the radioac-

tive sample) and also the time sequence of the transport tape. The

figure shows the interconnection diagram.
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I.c.3 Interlocks for vacuum valves in experimental lines.

J. Bergaglio, C. Bolaños and S. Tau

From the point of view of vacuum each experimental line can

be divided into 3 sections by two valves. One section is the

scattering chamber, in the middle the experimental line itself and

the third section is at the accelerator side. A set of 6 identical

interlocks was designed and built for sensing the vacuum in each

one of these sections, allowing opening of the pneumatic valves

only when the vacuum is equal or better than a preset value or

automatically closing them when this vacuum is worse.

It is possible to control the valve positions either locally

in the experimental room, or remotely, from the accelerator

console.

I.e.4 A low energy irradiation facility.

A.Filevlch, B.Cabello, H. Grahmann, J.C.Rodriguez, and

D.Simoncelli

A facility for irradiation using the beam produced by the in-

jector (energies up to 330 keV), has been installed in the beam

line at about 1 m above the top of the accelerator tank (tower

level 48 m).

The chamber has three 4", one 6" and two 1 1/2" standard

CONFLAT flanges. A mechanical feedthrough used to handle the tar-

get holder, electrical feedthroughs to obtain the signal from a

suppressed Faraday cup and to actuate Internal devices, and a

viewer flange to help in focusing the beam, have been Installed.

Very fast pumping down is obtained by means of a turbo-molecular

pump mounted on one of the standard ports. With this purpose the

volume to be pumped has been minimized by proper installation of

vacuum valves and an elevated solid platform was constructed for

easy access and handling.

The facility is being used in a program for optimization of

stripper foils and for Ion Implantation work In collaboration with

the Department of Physics, La Plata University and with Instituto

de Pesquisa de Materials, Rio de Janeiro, Brasil.
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I.e.5 A plunger device for measuring lifetimes of Isomerlc

states In the ps-range.

M.A.Cardona, A.Filevich and G.Garcia Bermudez

In order to measure short lifetimes of isomerlc states (ps) a

plunger facility has been built. The device, Installed in the

y-ray line of the Tandar Accelerator is based on a precision lin-

ear translation stage, which allows to change the target-stopper

distance and maintains the parallelism between the surfaces.

Either manual or servocontrolled movement is provided and the

distance measurement is performed by a TESATRONIC inductive gauge

with a linear resolution of 0.1 fim.

Permanent control of the target-stopper distance Is performed

by a circuit sensitive to the electric capacity of the capacitor

formed by the target and stopper surfaces.

The plunger uses the "Recoil-Dlstance-Method" (RDM) which

obtains the lifetime by determination of the Intensity ratio of

the Doppler shifted peak from the ln-flight decay of the compound

nucleus and the peak produced when the nucleus Is at rest In the

stopper material. Thus the target foils should be thin enough so

that the recoiling nuclei could escape from the target with maxi-

mum velocity, usually in the order of 2-3X of the speed of light.

The target holder Is made in the shape of a concentric double

cone which allows to stretch very thin target foils (400 fxg/cmz of

gold and other materials) to obtain extremely flat surfaces.

Germanium gamma-ray detectors can be positioned either at

front or back angles with respect to the beam direction, allowing

the separation of the "flight" and "stopped" peaks in such cases

In which there Is superposition with other peaks present in the

spectrum. Surface barrier or neutron detectors can also be used in

coincidence with the y-ray detector to select specific reaction

channels and to improve significantly the slgnal-to-noise ratio.

In order to test the facility we used the reaction
S3 19 70 78

Cu( F,2n2p) Kr. The nucleus Kr has two previously known lso-

merlc states (4 (~ 5 ps) and 2 (~ 3S ps)). In this work r-ray

spectra were determined as a function of the target-stopper dis-

tance. Fig. 1 clearly shows the relative variation of the intensi-

ty of the "stopped" and Doppler-shlfted ("flight") peaks corres-

ponding to the transition 2 > 0+ (455 keV).
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Table 1 summarizes the results of these measurements.

Table 1 Lifetimes In ps.

Isomerlc

level

(keV)

455

1119

This work

31(2)

4.6(1.0)

Previous results

Nolte

36(4)

5.5(1.4)

Lieb

32(2)

3.6C.3)

Matsuki

40(6)

Up to the present we have performed several different experi-

ments using the plunger. The device has shown to be a versatile

Instrument which can give excellent results in the determination

of the lifetimes of isomeric states.
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(1> Nucl.Phys. A332 (1979) 241; Z.Phys. 268. (1974) 265; Phys.Lett.

72B (1978) 319.

I.e.6 Phoswlch-type detector for charged particle ldentlfl-

catlon.

A.Fllevlch, G.Garcia Bermúdez and M.Alurralde

Plastic scintlllators have several advantages over conventio-

nal Inorganic materials:

- low price

- it is easy to obtain arbitrary shapes and sizes

- very thin scintillator foils are available

- fast response, allowing high counting rates.

Recently a new scintillator appeared in 'he market (NE115)

having a long light-emission decay time (-250 ns) in comparison

with the previously existing scintillator (NE102) with only 2.4 ns

of decay time.

By combining in a single unit a thin sheet of fast scintilla-

tor with a thick plate of the slow plastic, (PHOSWICH: PHOSphor-

sandWICH), it Is possible to detect simultaneously AE and E

signals on the same photomultipl ler tube and the well-known tech-

nique for charged particle identification can be used. With this

purpose two electronic gate signals of about 20 and 250 ns are

used to route the fast and slow pulses to different ADC's.

In the order to build such a detector a simple method for

welding together both plastic materials has been set up. The light

transmission through the welded zone is very good, making unnecess

ary the use of opt ical-coupling si 11cone grease and, as a result,

no particle energy is lost other than that In the AE detector.

Preliminary tests have shown that it is possible to get a

clear separation between the AE and E signals. The method will be

used to build a Phoswlch-type detector to identify protons emitted
(2)

In RBS experiments

U ) F.Llden et al., A.F.I. Biennal Report (1984-1985) p.152.
Í PI

M.Alurralde et al., published in this Report.
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I.e.7 Test of a AE-E telescope for the identification of

heavy Ions.

D. Abrióla. F. Saporiti, R. Euseblo, D. DI Gregorio,

A. Etchegoyen, M. C. Etchegoyen, A. Pacheco, P.

Martinelli and A. Jech

This large solid angle, compact detector, with axial charge

collection, has been described in (1). In this test beams of 1B0

with energies from 75 to 120 MeV and ^S with energies from 50 to

168 MeV were used. The target was FgCa of 100 ng/cm
2. The reaction

products were detected by the telescope, the AE and E signals were

stored on magnetic tape for off-line analysis. Fig.1 shows a typi-

cal AE vs E spectrum produced with the reactions of 180 and S

with F Ca at energies of 120 and 160 MeV respectively, at a

laboratory angle of 10°. Good resolution is obtained up to Z = \6.

Fig.2 shows the resolution AZ (In units of Z) as a function of Z

for different energies of the detected particles. In this case the

ISO-

J 100-

IÜ

50

Z ' 6 7 6 9 10 11 12 13 14 IS 16

AE [Mev]
Fifj. 1: AE vs E spectrum

30
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working pressure was 200 t orrs and the bias was 200 V. It can be

seen that the resolution improves as the particles lose more ener-

gy in the gas detector (I.e. lower initial energy or larger 2).

The same is observed when the gas pressure is increased.

0.0

E=20Mev

6 6 7 6 8 10 1! 12 13 U 16 16 17

Fig.2: AZ resolution

After this test was completed, the detector has been used in

measurements of quasi-elastic processes and in the analysis of

materials by means of heavy-ions collisions

(l)

(2)

D. Abrióla, S.Gil, S.Jech, R. Eusebio, P.Martinelll. Progress

Report 1984-85. Dept. of Physics, CNEA.

D. Abrióla, M. Alurralde, E.Garcia, G.Garcia Bermúdez, Reunión

AFA, Barí loche, 1987.

I.e.8 An electrostatic deflector for heavy recoil ions.

M.di Tada, J.Fernández Niello, A.O. Macchiavelli,

G.Marti and J.Testoni

An electrostatic deflector for heavy recoil ions has been

IS



designed, constructed and begun to test. Its final goal Is the see

aratlon of beam-like particles from residual products of the

fusion reactions which are focalized In the direction of the beam.

The apparatus has been installed in the multi-purpose scatter

ing-chajnber line at the TANDAR, Just behind the chamber. The de-

flector consists of a cylindrical stainless steel tank of 21 cm

diameter and 90 cm length, containing two 700 mm x 80 mm elec-

trodes. One of them is a stainless steel plate S mm thick and the

other one Is a grid made of CuBe wires which allows the passage of

the deflected ions with a transmission of 97%. In the test runs

the detection system was a silicon detector for charged particles,

which could be moved below and along the grid (see Fig.1).

I- FARADAy CUP
2.TRAÍ
3 INSULATION

CATHODE I0WÜ)
5 DETECTOR HOLuLH
b 10 IHE VACUUM. PDMr'
'I EXTERMAL CCNti.wL(if 7Hi

DETECTOR POSITION

6 hl&H VOLTAGE FEEOTHFlOUoH

ANODE

Fig. 1
SC'iiMATIC VIEW OF THE ELECTROSTATIC D E H t n O R

Different test runs nave been done with the deflector. In one

of them, it was studied the alpha-particle decay of " Ac popu-

lated through the react.on Bl( C,3n) at a bombarding energy

E - 69 MeV. The react..on product?.; were deflected and collected
lab



in an Al catcher foil, placed in front of a surface barrier detec-

tor in which the alpha particles coming from the deexcltation of

the products were detected.

A second test run was performed bombarding a Sm target

with a 0 beam at energies close to the Coulomb barrier, detec-

ting the evaporation products of the fusion process. A survey of

the performance of this deflector has been made in which the rela-

tive angle between both electrodes has been changed in order to

minimize the background in the detector due to secondary scatter-

ing tn the anode. For each bombarding energy, measurements were

made changing the voltage of the anode from 0 to 35 kV, the posi-

tion of the detector and its angle with respect to the beam direc-

tion. The obtained data are under analysis. The results of this

analysis will allow us to determine the best conditions for future

experiments.

I.e.9 An isotope separator on-line with a 20 MV tandem

accelerator.

M.Ballestero, H.Huck, A.Jech, G.Martí, M.L.Pérez and

J.J.Rossi

One of the experimental lir.es associated with the 20 MV

tandem accelerator has been operating with an on-line Isotope

separator to study nuclei far from the stability line in the masr,

region A = 113-141. We report here the results of the first

experiments performed with this facility.

The mass activities were obtained from fast neutrons fission

of U. Fast neutrons were produced using the Be(d.n) reaction,

bombarding a 4 mm thick L;e target with a deuteron beam supplied by

the tandem accelerator. The neutron flux is peaked in the forward

direction impinging the ion source of the system. With current

values in the order of 100 nA intensity and « 30 MeV deuterons

energy, a yield of 10 n/(fiOSr) was measured. This yield repre-

sents s 10 n/s within the solid angle subtended by the uranium

target sample located 15 cm away from the Be target.

The fission products were removed from the ion source, ana-
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lyzed by the isotope separator and finally collected on a moving

aluminium coated mylar tape where the detector is placed allowing

direct y-activity on-line measurements.

A careful look for practically every mass between A=112 and

A=141 has been performed, recording jr-ray spectra with a HP-Ge

detector. For the different radioactive isotopes observed, the

corresponding saturated activities have been evaluated taking into

account y-efflclency, 0-feeding and the corresponding decay mode.

The measured total activity for all the masses mentioned

above are shown in Fig. 1 and compared with the fission yields of

ref til. It is interesting to see the similar behaviour of the

experimental activities and the 23B\i 14 MeV neutron fission

yields. The curve shows a sharp cut-off for Pd, Rh, Ru, etc.

isotopes and the depletion for the Te isotopes. This may be

probably due to chemical reasons.

The overall efficiency of the system was estimated assuming 1

barn cross section for 238U fission, giving a reasonable value of
4

0. \%, which means 10 atom/s with 100 nA deuteron beam intensity

and 15 MV terminal voltage for the accelerator.

The rather flat shape in the yield curve means that it will

be possible to study nuclei lying in the 23BU thermal "fission

yield" valley such as Ag, Cd and In isotopes with an appropriate

Fig. 1. Activity of col-

lected samples. The full

line corresponds to the

total activity for each

mass. In order to com-

pare the shape of the

different curves, cumula

ti ve yields for 23BU

thermal neutron fission

( — ) and Z38U 14 MeV

fast neutron fission

( ) are shown.

126 04 A

rate for nuclear spectroscopy studies even with half-lives
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Isotopes as short as 0.15 s.

(1) Nuclear Data Tables, 1£ (1979) 419.

I.e.10 Electrostatic deflector for studying spin distribu-

tions at near-barrier energies.

S.Gil, A.Charlop*. A.Garcia", D, D. Leach*, S.J.Luke"

and R. Vandenbosch"

A proposal of an agreement between the TANDAR Laboratory and

the Nuclear Physics Laboratory of the University of Washington,

has recently been submitted Jointly to the Consejo Nacional de

Investigaciones Científicas y Técnicas (CONICET) of Argentina and

the National Science Foundation (NSF) of USA, for studying the

spin distribution of the compound nucleus formed In heavy ion

reactions at near-barrier energies. As a part of this agreement we

have built an electrostatic deflector at the Nuclear Physics

Laboratory of the University of Washington. This device combined

with several Nal detectors was designed for measuring gamma multi-

plicities at energies close to the Coulomb barrier. This informa-

tion together with the fusion cross sections to the measured in

Buenos Aires using delayed X-ray emission of the residual radloac

tive products 1>2>, will allow us to make more stringent tests of

the present models proposed to explain the subbarrier fusion

between heavy ions

One of the techniques which has b«en used during the last few
(A S)

years ' for determining gamma multiplicities, M , is based on

using a high resolution GeLi detector in coincidence with several

Nal detectors. The GeLi detector was used for tagging the

different evaporation residues produced in the reaction. From the

ratio of coincidence to single spectra we obtained the M for the

dominant even-even evaporation products. This method has at least

two shortcomings: a) low efficiency due to the combination of the

small cross sections (<r < 50 mb) in the region of interest and the

low efficiency of the GeLi detector, b) possible bias due to the

greater sensitivity of this technique in tagging even-even

residual nuclei. This last limitation is expected to be more
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important in the cases of more symmetric projectile-target combi-

nations, where there Is a larger fractlonation of the yield.

An alternative approach would consist in using the evapora-

tion residues as a tag of the fusion events directly. Since fusion

products are strongly peaked at 0°, a large detection efficiency

can be achieved if it is possible to separate and suppress the

beam particles from the residues. The ratio of these residues in

coincidence with the Nal detectors to the residues singles would

yield a M value that will be Insensitive to any bias due to

channel fractlonation.

We are particularly Interested in combinations of projectile-

target systems that lead to compound nuclei in the mass region of

150 to 180 amu. At near-barrier energies the fusion products have

relatively small velocities (0.15 to 0.7 MeV/A), therefore an

electrostatic deflector can be effectively used for separating the

residues from the beam.

MONITOR
6' GATE VALVE

TARGET

DEFLECTGR PLATES

SCA' "RING
CHAt* . DCFLECTDR BÜX DETECTOR BDX

Fig. 1. Schematic view of the electrostatic deflector.

Our design consists of three parts: an electrostatic deflec-

tor box, a detector chamber and a new scattering chamber. The

deflector box can be isolated from the rest of the system enabling

us to change targets and manipulate the particle detectors without

affecting the conditioning of the deflector. The deflector plates

are located 18 cm frcm the target and consist of (polished)

stainless steel 5 cm high, 25 cm long and 1.25 cm thick. The

separation and orientation of the plates can be varied easily. The
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plates are located In a stainless steel box designed to sustain up

to ±70 kV on the plates. A turbomo1ecular pump provides the vacuum

to this module. The detector chamber contains a beam stop and a

large-area particle detector, both of which can be moved without

breaking the vacuum. The particle detector system consists of a

position-sensitive Breskin counter B followed by a large-area

solid state detector. The Breskin counter provides position and

timing information and the solid state detector gives the energy

of the particles. This system, when operated with a pulsed beam,

will provide us with the energy and time of flight of the

particles, enabling us to separate the fusion products from the

elas!ic and other direct products.

The scatterlug chamber is a cylindrical aluminum box 25 cm in

diameter and 25 cm height and can accommodate several Nal detec-

tors around it. In a recent preliminary test we have been able to

successfully separate the elastic particles from the fusion

residues using the time of flight in the reactions le0+122Sn and
ie0+188Er at E -72.0 MeV.

lab

a University of Washington, Seattle, USA.
U > D. E.DiCregorio, J.O.Fernández Niello, A.J.Pacheco, D. Abrióla,

S. Gil, A.O. Macchlavelli, J.E. Testoni, P.R. Pascholati,

V.R.Vanin, R.Liguori Neto, N.Carlin Filho, M.M.Coimbra, P.R.

Sllvelra Gomes and R.G. Stokstad, Phys.Lett.B 176 (1986) 322.

R.G.Stokstad, Y.Eisen, S.Kaplanis, D.Pelte, U.Smilansky and

I.Tserruya, Phys.Rev.C 2J. (1980) 2427.
<3) Proc. IX Workshop in Nuclear Physics, Buenos Aires, 1986.

Ed. by A.O. Macchlavelli, H.M.Sofia and E.Ventura, World

Scientific Pub. Co., Singapore 1987.
<4) R.Vandenbosch, B.B.Back, S.Gil, A.Lazzarini and A.Ray, Phys.

Rev.C gg (1983) 1161.
<6) S.Gil, R.Vandenbosch, A.Lazzarini and A.Ray, Phys.Rev.C 3!

(1985) 1752.
(B) A. Breskin et al., Nucl.Inst. Meth. 221 (1984) 363.
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I.c.11 The TANDAR project data acquisition system.

E.Achterberg, M.Denari, A.Qulroga, L.Remez and

R.Seymour*

The experiments which are performed using the Tandem accele-

rator of the TANDAR project of the CNEA Physics Department require

the ability to acquire, store, handle and evaluate volumes of data

which may reach some hundreds of megabytes in some measurements,

whose duration typically varies from 3 to 5 days, and with

counting rates which may reach some ten thousand words (digitized

data) per second. The data acquisition system must be flexible

enough to be easily adapted, without significant modifications, to

the varying requirements of the several experimental lines which

are presently available at the TANDAR Project (multipurpose

scattering chamber, heavy Ion scattering chamber, gamma

measurement facility, NAVE facility). The system must allow the

acquisition of multiparameter events (2 - 40 parameters, or more),

together with the generation, in memory, of a meaningful number of

one- and two-dimensional spectra. It must provide for the live

monitoring of the current experiment, mainly through the display

of 1-D and 2-D plots on a graphics terminal. It must perform the

efficient storage of all significant information on magnetic

media. Lastly, It must allow some Interaction with the experiment

using signals generated by supervisor routines or by user command.

In attempting to satisfy these specifications several imple-

mentations were Introduced during the years 1986-1987, with

gradually increasing capabilities, as the delivery of electronics

and data processing equipment, whose purchase had been Initiated

in the period 1982-1984, finally took place.

The system presently in use is based on a PDP-11/34 computer

connected to a CAMAC crate via a MBD11 programmable branch driver.

Data storage Is on standard nagnetlc tape units. The interaction

with the user is provided by a Tektronix 4114B graphics terminal.

To satisfy the need to create several live histograms a big amount

of fast memory for data is required (e.g. a 2-D 256 by 256 channel

histogram uses 128 kilobytes). This exceeds the PDP-11 capacity,

whose maximum addressing capability is 256 Kbytes. This problem

was solved by means of a special controller for an external buffer

memory which uses standard memory boards. This device was designed
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and built at our laboratory by Dick Seymour (Nuclear Physics Lab.,

Univ. of Washington, Seattle) during his stay In March/April 1987,

to whom we express our gratitude by this means. The advantages of

the current Implementation over the design in use at the NPL of

the Univ. of Washington lies in that it does not require

modifications to the memory boards, that It is therefore easily

expandable to store more histograms when more boards are

available, and that, In principle, it allows the use of 2 megabyte

boards in place of the 256 Kbytes one presently In use. The other

non conventional component which Is basic to the Implementation of

our system is the MBD11 branch driver. This device performs the

communication between the PDP processor bus (UNIBUS) and the CAMAC

crate controller. It has an arithmetic and logic unit (ALU), 4096

words memory and a big set of registers. Some of these are for

general use, some are dedicated to communication with the PDP, and

several are specific to the transfer of data and commands to and

from the CAMAC crate.

Control of the acquisition system Is interactive, via a set

of four, hierarchically structured and cooperating programs, of

which two reside In the PDP and two in the branch driver. The user

interface is provided by the MULTI program, which handles the

overall administration of system resources and monitors the

experiment by sampling the data which are being collected by the

detection devices. MULTI resides in the PDP-11 and controls the

activity of the second program installed In this machine, QDA,

which handles the details of actual data taking, by Interaction

with the MBD11 branch driver, and the storage of these data on

magnetic tape. Two programs are active in the MBD, a supervisor

and the acquisition and control program for the CAMAC modules.

MULTI/QDA are widely used in different versions In several labora-

tories. Many minor, and some major, modifications were required to

adapt them to our hardware configuration (e.g., external buffer

memory, specific CAMAC modules, etc.). They consist of over a

hundred subroutines, most of them written in FORTRAN and the rest

in PDP-11 MACRO assembler. The branch driver programs are written

in a special low-level language adapted to the MBD11 instruction

set.

CAMAC modules currently available include: a) two 13-bit

LeCroy 3511 ADC's, one of them fitted with an 8-channel LeCroy
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3542 multiplexer; b) three 12-channel, 11-bit LeCroy 2259 ADC's;

c) two 12-channel, 11 bit, LeCroy 2248 charge sensitive ADC's; d)

an 8-channel, 11 bit ORTEC AD811 ADC; e) an 8-channel LeCroy 2228

time-to-digital converter; f) a Standard Engineering (S. E.)

RTC-018 real-time clock; g) a S.E. TS-201 dual timer/sealer; h) a

12-channel LeCroy 2551 fast sealer; i) S.E. PB-604, PQ-604, and

IQ-604 input registers and gates; J) S.E. PR-612 output registers.

Processing of the Information collected on magnetic tape by

the data taking system described above is performed on the data

acquisition system's VAX-11/780 computer. Several programs are

available for mul11 parameter event processing (MUSORT, WC), and

for the analysis of singles spectra (SAMPO, DAT1), graphics dis-

play routines, plotting routines, etc.. The experimental data

evaluation step is frequently one of the 1Imitations to the amount

of Information which may be obtained from certain experiments

because of the load the computer must handle due to other users.

In the period 1986-1987 we were able to add engineer L.Remez

to our group, and provide a scholarship for A.Qulroga, as a first

step towards providing us with the capability to handle the

requirements posed by the experiments performed with the

accelerator, as well as those originated by general VAX users.

Nuclear Physics Laboratory, Univ. of Washington, Seattle, USA.
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II. NUCLEAR PHYSICS

II.a. Nuclear Structure

II.a.1 Nuclear rotations in arbitrary number of dimensions.

R.P.J.Perazzo, S.L.Reich and H.M.Sofia

Nuclear yrast bands are described as arising from a rotation-

al motion that takes place in a space of an arbitrary number of

dimensions. A comparison is performed with experimental data

throughout the periodic chart for both ordinary and pairing

rotations.

Journal of Physics G: Nuclear Physics 13. (1987) LSI.

II.a.2 Generalized rotational motion and the cranking pres-

crlptlon In systems with many interacting bosons.

R. P. J. Perazzo and H. M. Sofia

The cranking prescription to calculate moments of inertia for

rotational motion Is discussed for the case of a rotational motion

in an abstract many-dimensional space. The special case of a

Hamiltonian with an 0(6) symmetry is worked out. The prescription

to use the Thouless-Valatln formula yields the exact result for

the moment of inertia.

Physics Letters 166B (1986) 249.

II.a.3 Electromagnetic decay of the giant quadrupole
*

resonances. II: Nuclear structure aspects.

D.R.Bes, P. Curutchet*, S.L.Reich, N.N.Scoccola and

H.M.Sofia

We analyze the experiment on the electromagnetic decay of the

Giant Quadrupole Resonance from the point of view of the mlcrosco-
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pic theory of the nuclear structure. The calculations are made

systematically In the lowest contributing order of perturbation

theory within the Nuclear Field Theory formalism. Care is taken in

order to prevent spurious mixing of the isoscalar and lsovector

parts of dlpole operators. As well as in previous theoretical

calculations, the results are consistent with the experimental

limit of the ratio between the transition populating the 2.62 MeV

3 state and the g.s.. However, they fail to reproduce the strong

dlpole transition to the 4.97 MeV 3~ state.

* Nuclear Physics A452 (1986) 531.

Comisión de Investigaciones Científicas, I-a Plata, Argentina.

II.a.4 Boson mapping of one-body operators in deformed

nuclei.

J.Dukelsky, S.Pittel", H.M.Sofia, C.Llmab

The generalized Holsteln-Primakoff boson expansion is used to

map one-body operators. A collective transformation is derived

from the Hartree-Fock-Bo^olyubov approximation in such a way as to

preserve the density matrix. This prescription, when applied to a

pairing + quadrupole model, yields almost complete s-d dominance.

* Nuclear Physics A4S6 (1986) 75.

University of Delaware, Newark, USA.

Universldade Federal do Rio de Janeiro, Rio de Janeiro, Brazil.

11. a. 5 Search for new symmetries In nuclear yrast bands.

R.P.J.Perazzo, S.L.Reich and H.M.Sofia

The grouping of levels into collective rotational bands is In

terpreted as the signature of a situation in which internal de-

grees of freedom remain essentially frozen while a collective mo-

tion takes place in which all nucleons participate cooperatively.
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The intrinsic many-particle configuration of the g.s. can

thus be thought of as displaying some kind of anlsotropy that

remains unaltered while changing its orientation in space as a

consequence of the collective rotational Motion.

This physical picture can be explored with selfconsistent

mean field theories. The anlsotropy of the g.s. is accounted for

by allowing that some symmetries of the single particle field may

be broken In order to search for a deeper minimum for the expecta-

tion value of the g.s. energy.

As a consequence of this feature, the mean field Hamiltonian

has spurious solutions that represent the notion of the many body

system as a whole. The corresponding RPA node has zero frequency

and the associated infinite amplitude vibration can be Interpreted

to represent a generalized "rotational" motion.

Associated with each of these broken symmetries there are one

boson excitations that correspond to the motion of the system as a

whole and are therefore spurious. The spurious nature of the

states can easily be identified through its corresponding zero RPA

eigenvalue. These zero frequency modes or, equlvalently, Infinite

amplitude oscillations, are the Coldstone bosons of the system.

These states, which correspond to the rotational modes of the many

body system, contain the pieces of Information that are used In

the Thouless-Valatin cranking model prescription to calculate the

corresponding lnertlal parameter (generalized moment of inertia).

We conclude that a unified picture of a variety of collective

dynamical patterns that occur in nuclear systems can be obtained

regarding them as different rotational motions taking place in a

space of an adequate number of dimensions, "me changing value of

the dimensions can be thought of as a phenomenological representa-

tion of the coupling of the collective motion to other internal

degrees of freedom. This can be extended to the case of superfluid

nuclei where the rotation takes place in a gauge space.

Proceedings of the "IX Workshop In Nuclear Physics", Buenos

Aires, 1986, p.446. Presented at the Workshop on "Collective

Features of Pair Transfer Processes between Nuclei", 1987,

Varenna, Italy.
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II.a.6 Mean-field approximation and the collective transfor-

matlon for Dyson boson Hamlltonlans.

M.C.Cambiaggio and J.Duke1sky

Boson expansion theories are presently used as a convenient

means for describing collective nuclear properties. One of these

expansions is the Dyson mapping which 1B a finite but nonunitary

expansion.

Since a complete diagonalization of the boson Hamiltonian is

not always possible, adequate approximations must be performed and

the basis has to be truncated In a convenient and meaningful way.

At present It is not clear how to address these questions. In this

paper we propose to use a mean-field approximation and show that a

Hartree-Bose approach that takes into account the non-hermit Ian

nature of the mapped Hamiltonian gives good ground state results

when applied to a simplified shell model defined by a monopole

pairing Hamiltonian. A subsequent Tamm-Dancoff approximation (TDA)

provides good results for the first excited state in the same

case.

The approximation gets worse at the middle of the shell, what

is most probably due to the presence of spurious components. These

appear due to the mixture of the physical boson subspace, directly

related to the fermion space, with the unphysical subspace, pro-

duced by the approximation. Spurious components are more important

when Paull effects are stronger, i.e. at the middle of the shell.

The described method also provides an adequate collective

boson basis generated from the Hartree boson and the TDA ones.

These are ordered in energy and so one gets a clear-cut way of

truncating so as to obtain a particular set of collective bosons

which may be systematically improved. The diagonalIzation of the

Hamiltonian in this collective subspace takes into account

anharmonic effects neglected in TDA and Improves the results.

" Phys.Lett B197 (1987) 479.
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*
II.a.7 The t-expanslon and the Llpkln model.

R.Pérez, M.C.Cambiaggio and J.P. Vary*

Recently a systematic nonperturbative approach has been de-

veloped to calculate ground-state expectation values of arbitrary

operators for any hamiltonlan system. It makes use of the operator

e which filters a trial function to the exact ground state in

the limit t—> oo. The method, referred to as the t-expansion, sys-

tematically improves the results obtained through any varlational,

or perturbative, calculation and is proving a valuable tool to

study field theories in the non-perturbative domain.

Since the method is based on a hamiltonlan approach, it is

expected to be of great value for the many-body problem as well.

We have tested this by applying the method in the Llpkln model.

The energy expectation value can be written as a power series in t

and Padé approximants are used In order to obtain a good approxi-

mation over a larger range in t. Starting with the weak-coupling

mean-field wave function one gets very good results before and in

the vicinity of the phase transition occurring in the model. One

may also go beyond the phase transition, inside the strong-

coupling region, without any problem. It Is only when the number

of particles and/or the coupling constant are large that the

t-expansion results with the unperturbed ground state eventually

deteriorate.

We have also proposed to use a simple dynamical vacuum gene-

ration method to extend the utility of the t-expanslon method. It

consists in applying the Haailtonlan to the weak-coupling state,

keeping the two dominant components and varying the only free amp-

litude. This causes a major improvement in the approximate results

in the strong-coupling region without much additional effort.

Finally we have shown that the t-expansion method is capable

of yielding first excited state energies with the same precision

and comparable effort as the ground state energy. This happens if

an appropriate starting wave function with the right symmetry is

found.

Submitted to Phys.Rev.C.
aW.K.Kellogg Radiation Laboratory, CALTECH. USA.
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II.a.8 On the states 3 » 3 In Pb.

G.G. Dussel, C. Pomar, S. L. Reich, P. Curutchet", J.

Blomqvlst" and R. J. Liotta*

In this paper we calculate two-particle two-hole excitations

in 208Pb. This calculation is perforated using the multistep

shell-model method (MSM). With this method one calculates the

shell model equations In several steps. In each step one solves a

given system in terms of quantities related to systems evaluated

in previous steps 1 . In our case we have only to evaluate the

particle-particle, hole-hole and particle-hole excitations.

We Include in our basis all possible correlated states. The

two-particle and two-hole states were taken from ref.2, while for

the particle-hole states we diagonal1zed a multlpole-multipole

interaction within the RPA. In the MSM equations we also include

the attractive Coulomb Interaction appearing in the proton

particle-hole states.

The diagonallzation of the MSM matrix provides two 0 states

which lie very near to each other. The lower one at 5.05 MeV is

almost the surface vibration (i.e. the ""PbO'^^PbO") state

coupled to J«0 , while the second one lying at 5.10 MeV is almost

the neutron pairing vibration. A third state , which has a great

overlap with the proton pairing vibration, appears at 5.67 MeV.

Although these results explain data from high resolution

scattering experiments, they are not in good agreement with the

experimental levels by a couple of hundreds of keVs. This is due

to the schematic character of the force employed for the

calculation. Inelastic and two-particle transfer cross sections

are also calculated using the DWBA code DWUCK and relative cross

sections are compared for the available data to verify the

conclusions derived from the energy analysis.

* Research Institute of Physics, Stockholm, Sweden.
(1> R.J. Liotta and C.Pomar, Nucí. Phys. A382 (1982) 1.
/o)

T.T.S. Kuo and G.H. Herling , Naval Research Laboratory Report

2258, Washington DC, 1971.
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212,.
11.a.9 Microscopic study of the «-decay In Po ground

state.

S.Lenzl and O.Dragun

The a-decay reduced width in
212.

arL(R>
h'R

1/2

'Po is described by:

*.?.?) d£ dH (1)
Po

where 0 is the Intrinsic ot-particle wave function, L Is the

angular momentum of the mother nucleus and R Is the relative

coordinate between the "cluster" of four nucleons and the daughter

nucleus.

The resolution of the Integral of eq. (1) Is here made by an

extension of the Bayman and Kalliv (l) formalism now applied to
{2} 212

the case of transfer of four nucleons . For the Po wave

function we use several descriptions starting from the most simple

one which uses two main configurations: [0 h ) and (l ga/2)

for 2 protons and 2 neutrons respectively on top of an Inert core

of 208Pb, up to a detailed MSM<3> calculation with p-p, n-n and

p-n Interactions. In the last case enter 38 and 43 single particle

" - — — • 4
1
 ••••••— -

lit »M ttt tt.Mroo ?so

F i q . l . S a t u r a t i o n o f t h i f u n c t i o n I L M I t h t h t m i x i n g o f c o n f i g u -

iat i o n s p - p n - n .
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configurations of protons and neutrons respectively.

We analyzed a) the Influence of the configuration mixing (see

Fig.1) and b) the importance In the final results of using harmo-

nic oscillator or Wood Saxon single particle wave functions in the
210

description of the Po (see Fig.2).

IJ» fl.M turn IIM>Mf IIM IIJ»

R

Fig.2. Aiyaptotic bvhaviour of tht function IL(R> for thi «ain

configuration of »'»Po calculated with Noodt-Stxon and naraonie

osc i l l a to r pottntialf .

ittftf

In Table 1 we also show a comparison with previous calcula-

tions:

Conf1gurat i on

(only (p-p), (n-n)]

Table 1

R

(fm)
^ = 0

Reference

v .harmonic o«c., . _ _ .

a) • (up to 7 hw)
Po

. , .harmonic OBC., , .. , .
b) # (up to 10 hw)

Poc) *Hood Saxon
212

Po
10 hw)

.-. .harmonic osc., . ._ , .
d) • (up to 13 hu)

212
Po

In Table 1: y2(R) = ̂ -5 I £;R).

L 2u L

9.

9.

9.

9.6

1.09Í-3)

4.0K-3)

3.28(-4)

6.64(-4)

(4)

Present work

Present work

(4)
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Table 2 shows the ratio between theoretical and observed mean

lives. Our calculations Include the above mentioned single

particle configurations (38 for protons and 43 for neutrons)

resolved in a Saxon-Wood potential and also p-n interaction. The
212

resulting Po wave function is then described by:

|212Po(g.s.)> - C |21OPb(g.s.) ® aioPo(g.s.)> •

Table 2

ft
(fm)

8.0

8.5

9.5

t 1 / 2 / t 1 / 2

theo observed

D=0

"211

~209

383

D=0.43

25

25.7

25.6

We can conclude that, despite of this very detailed analysis

which includes a careful calculation of the integral of eq.(1) and

the complete 2Po wave function of eq. (2), the results are still

far from the experimental values. We believe that a more realistic

description of the Po(g.s.) and the inclusion of antisymmetri-

zation effects in the nuclear surface have to be Included.

(l)

(2)

(3)

(4)

(B)

B. F.Bayman and A.Kalliv, Phys.Rev. 156 (1966) 1121.

Silvia Lenzi, "Efectos de contribuciones coherentes de dos o

mas nucleones en núcleos esféricos y deformados", PhD Thesis

(1987), FCEN, UBA, unpublished.

R. J.Liotta and C.Pomar, Nucl.Phys.A362 (1981) 137.

I.Tonozuka and A.Arima, Nucl.Phys.A323 (1979) 45.

T.Flleshback and S.Okabe, Zeit.Phys.A 320 (1985) 289.

II.a.10 Thermodynamic coefficients of hot nuclei.

M.Saraceno, J.P.Vary8, G.Bozzolob and H. Millerc

We develop a method to evaluate large amplitude TDHF dynamics

in a single mode and in the presence of a thermal bath at tempera-
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ture T and chemical potential ji. The general formalism is applied

to the small amplitude oscillations in the isoscalar monopole mode

thus allowing the evaluation of some thermodynamlc coefficients

for finite nuclei. In particular we compute the Isothermal and

lsentroplc monopole frequency, the thermal expansion coefficients

and the specific heats for 180 and *°Ca in the temperature range

from 0 to 5 MeV. We use a realistic nucleon-nucleon interaction

and perform a fully self-consistent calculation Including eleven

major oscillator shells.

Preprint MAP-1OO, Caltech, USA (1987). Submitted to Phys.Rev. C.

Physics Department, Ohio State University, USA.

Physics Department, Case Western Reserve University, USA.

Department of PhyBics, University of Pretoria, South Africa.

II.a.11 Huslni distributions In the semlclasslcal limit.

A.Pages, M.Saraceno and P.Leboeuf

Husinl distributions'1' provide an alternative to Wigner's

for a complete description of quantum mechanics in phase space. We

show that, in the semiclassical limit, they have a much smoother

behaviour than the latter, therefore being easier and more useful

to calculate numerically.

We find an expression valid to first order in h for the Husi-

ni distribution, which shows how the distribution of an eigenstate

"concentrates" on the invariant classical structures (tori and pe-

riodic trajectories) as h -> 0. We give some analytic and numeri-

cal examples for systems with one and two degrees of freedom.

A.Pages, Licenciatura Thesis, FCEN, UBA, 1987.
(1> K.Husini, Proc.Phys.Math.Soc.Japan 22 (1940) 264.
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II.a.12 Poincaré sections of quantum elgenstates.

P. Leboeuf, M. Saraceno and M. Baranger*

We use Huslnl distributions to define and calculate projec-

tions and Poincaré sections of elgenstates of non-Integrable

systems with two degrees of freedom. The Method allows the Identi-

fication of scars cf classical Invariant structures In these

elgenstates. We use a three-level Llpkin model with SU(3) symmetry

and a two-dimensional potential to study some families of elgen-

functions related to periodic trajectories, some related to tori

and some that display the chaotic regions of phase space. We have

also identified the quantum image of the period doubling of a

periodic trajectory.

* Center for Theoretical Physics, MIT, Boston, USA.

II.a.13 Classical and quantum study of a rotating elliptic

billiard.

M.Bernath, A.J.Fendrik, P.Leboeuf, R.P.J.Perazzo and

M. Saraceno

We study the problem of a particle in two dimensions Inside

an elliptic enclosure with hard walls. The problem is integrable

when the ellipse is stationary and the constants of the motion are

the energy and the product I . 1 where I and I are the angular

momenta with respect to the fwo foci. The integrability disappears

when the billiard rotates. We have calculated numerically the

trajectories and Poincaré sections in the intrinsic system, where

we have identified regular and chaotic regions in phase space as a

function of excentricity and angular velocity.

From the quantum side we have solved the Schroedinger

equation in elliptic coordinates for the integrable case and we

have used the resulting elgenfunctions, of Mathleu type, to

diagonallze the rotating Hamlltonlan.
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II.a.14 Boson mapping of particle-particle operators In

deformed nuclei.

J.Dukelsky and S.Plttel*

The mapping of particle-particle operators by the generalized

Holstein-Primakoff boson expansion Is studied. A procedure for

resummlng the characteristic square-root operator is proposed.

Application to a semlrealistlc HFB description of Sm confirms

that this procedure significantly accelerates the convergence of

the series.

* Phys.Lett.B 177 (1986) 125.
a University of Delaware, Newark, USA.

11. a.15 Inertlal parameters in the interacting boson-fermlon

approximation.

J.Dukelsky and C.Lima*

The Hartree-Bose-Ferml and the adlabatlc approximations are

used to derive analytic formulae for the moment of inertia and the

decoupling parameter of the Interacting boson-fermion approxima-

tion for deformed systems. These formulae are applied to the SU(3)

dynamical symmetry. In the large N limit we obtain perfect agree-

ment with the exact results.

* Phys.Lett.B 182 (1986) 116.

Universldade Federal do Rio de Janeiro, Rio de Janeiro, Brazil.

II.a.16 Cluster approach to four particle motion in a

deformed field.

E.E.Maqueda and A.Vltturi"

The successful parallelism between cluster-like and one

particle transfers Is extended from the spherical to the deformed

regions. The fact that the o-cluster does not carry quanta in its
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relative motion allows the obtention of the quantum numbers

corresponding to the motion of the cluster centre of mass from

those of the four participating nucleons. The comparison with the

results of microscopic calculations in the actinide region shows a

fair agreement.

a Unlversltá di Padova, Italy.

11.a.17 Projecting out relative angular momentum zero states

for four particle wave functions.

B.Bayman", S.M.Lenzl and E.E.Maqueda

A formalism has been developed to project out the a-llke

relative wave function from any four particle state. A computer

code produces form factors that can be used in realistic analyses

of alpha transfers or decays.

University of Minnesota, USA.

11.a.18 The Intrinsic Deformation corresponding to Exact Many

Nucleón States.

S.M.Lenzl and E.E.Maqueda

The use of the Hill-Wheeler Integral

0(KIM) = iJ^l
KI

allows the definition of an intrinsic state % corresponding to the

wave function 0 resulting from a many particle treatment of the

nuclear interaction.

Two methods have been developed:

a) A many-particle wave function x* is calculated by filling
o

deformed (Nllsson) orbltals. A variatlonal method is used to

obtain the deformed potential that produces the function that

projected with the Hill-Wheeler integral gives the function
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that best approximates the "exact" solution tfi(KIM).
o

b) The quadrupole operators Q and Q (Q ) are diagonal ised

In the basis of the "exact" functions 0ÍKIM). The eigenstate

corresponding to the largest eigenvalues of Q

X = E N *(KIK)
IK

is equivalent to the "leading states" in the SU(3) picture

and acts as the intrinsic state from which the "bands" can be

generated by using the Hill-Wheeler integral.

II.a.19 Systematics of alpha lines.

E.Caurier*, G.G.Dussel and A. P. Zuker*

From the plot of separation energies along lsospln lines it

is possible to draw conclusions concerning nuclear structure. The

plots suggest strong memory of spherical shell effects. Prelimi-

nary results concerning mass fits based on this remark have also

been obtained.

" CRN, Strasbourg, France.

11.a.20 The FI-A-B model.

G.G.Dussel and A.P.Zuker"

A schematic model for neutron (A) and proton (B) pairs inter-

acting with a 4 particle boson field (FI) is Introduced to simul-

ate the possible transition from normal nuclear matter to an alpha

condensate. It can be accurately solved using a linearization

method and the model is used to speculate upon the possible exis-

tence of a region of stability far from the existing one. The most

convincing hint emerges from a systematic gain in symmetry energy

when approaching the 2=N line. Neutron-rich systems may also be

candidates to a similar transition.

CRN, Strasbourg, France.
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II.a.21 Systematic behaviour at large degeneracies In a

soluble model

M.C.Cambiaggio. G.G.Dussel and M. Saraceno

In some simple models It is possible to find expansion para-

meters such that the Time Dependent Hartree-Fock (TDHF) approxi-

mation can be considered the zero-th order on which to base a

systematic analysis of higher order corrections. In this work the

effects that the existence of the large N limit in the Lipkin,

Meshkov and Click model has on the calculation of eigenvalues,

its 1/N corrections and on the evaluation of corrections in the

exact wave function are studied.

II.a.22 Four—body correlations in heavy nuclei.

C.G.Dussel, A.J.Fendrik and C. Pomar

The origin of four-body correlations in heavy nuclei is

studied. The four-body excitation can conveniently be treated as a

coherent mixture of many different (RPA) collective pairs that in

the Nuclear Field Theory zero order approximation behave as

bosons. The corresponding system of bosons Is treated in a BCS-

llke approximation. Through an application to the nuclei in the
208

Pb region we finally conclude that while in the light nuclei

the four-body excitations are related to a wave function that has

a single component, in heavy nuclei a small attractive interaction

between deuteron-1ike bosons can in principal provide an alterna-

tive structures for the four-body excitation, yielding a wave

function that is a coherent superposition of many terms. This

excitation will be similar In many aspects to an alpha-like

structure. It is also possible that the origin of the transition

between deformed and spherical nuclei is related to the existence

of this alpha-like structure and that a deformed nucleus can be

described as a condensate of these excitations.

G.G.Dussel, A.J.Fendrik and C.Pomar, Phys.Rev.C (1986) 1969.
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II.a.23 Microscopic description of four body excitations in

heavy nuclei

G.G.Dussel and A.J.Fendrik

Under the assumption that the ground state of a many body

system is a condensate of quartets, the structure of these quar-

tets, as well as the equations that describe the excitations of

such a system, are obtained. It Is shown that such a description

can be applied to we11-deformed nuclei. In particular, it is found

that the one and three body excitations will have a description

that is similar to the one provided by the Nilsson model. Some

experimental differences are nevertheless predicted.

11.a.24 A two-level solvable model Involving competing

pairing Interactions.

G.G.Dussel, E,E.Maqueda, R.P.J.Perazzo and J.A.Evans0

A model is considered consisting of nucleons moving in two

non-degenerate 1-shells and Interacting through two pairing resi-

dual Interactions with (S,T)=(1,O) and (0,1). These interactions

together with the single particle Hamiltonian induce mutually des-

tructive correlations, ¿lvlng rise to various collective pictures

that can be discussed as representing a two-dimensional space of

phases. The model is solved exactly using an 0(8)*0(8) group

theoretical classification scheme. The transfer of correlated

pairs and quartets is also discussed.

* Univ. of Sussex, Brighton, UK.

11. a.25 Pairing vibratIons in semi-magic even nuclei.

G.G.Dussel and P.Federman*

The shifts in the energies of pairing vibrations due to the

presence of valence nucleons are described in simple terms. Cal-

culations for the Z=50 isotopes and N=82 isotones are done and

are also compared wi^h experiments, obtaining a reasonable
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agreement.

* Depto. de Física, FCEN, Univ. de Buenos Aires, Argentina.

II.a.26 Universality of temperature dependent effects in

finite many fermlon systems.

O.Civitárese*, G. C. Dussel and A. P. Zukerb

The temperature dependence of the specific heat for a finite

system of fermiens is Investigated for some simple models. It is

found that finite size effects produce a maximum in the specific

heat at a temperature T that has a universal value when scaled
c

by the appropriate characteristic energy.

Univ. Nacional de La Plata, Argentina.

CRN, Strasbourg, France.

II.a.27 Two nuclear phases and the proton-neutron force.

A.J.Kreiner and C.Pomar

The origin of the discontinuity and the transition from the

set of lower to upper curves in an E /E vs. E /E plot for the

ground state bands of even-even nuclei revealed by the Variable-

Moment -of -Inert la model Is traced to the proton-neutron inter-

action. In particular, the upper set Is shown to appear for a

system consisting of two types of fermlons, protons and neutrons,

only from threshold value of the proton-neutron interaction.

Phys.Bev.C 26 (1987) 463.

M. A. J.Mar

therein.

(1> M.A.J.Mariscotti, Phys.Rev. Lett. 2i (1970) 1242 and references
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11.a.28 Structure of the 2256.3 keV high spin isomer In 18ZRe.

H.C.Jain", L.O.Norllnb, U.Rosengard", A.Filevlch,

E.Dafnl0

Low-lying rotational bands In 182Re with K = 7 and K = 4 were

first found by HJort et al. and by Medsker et al.(1) and later

Slaughter et al. identified two bands with K * 2 and K = 9 and

proposed (J = 15) for an isomer1c state (T « 88 ns) found at 2256
(2)

keV . The states with K = 2, 4, 7 and 9 were interpreted as

arising from the coupling of an odd proton to an odd neutron,

whereas the 88 ns state was understood as the coupling of one
(2)

neutron and three protons

H9/2~[ 514^)®it7/2~ [ 523t]«n5/2+[ 402t]»u9/2+[ 6241"].

On the other hand the 15 state could have a configuration

given by:

n9/2~ 15141" ] ®n7/2+ [ 404^ ] ®n5/2+ [ 402*) ®i>9/2+ [ 624^ ].

In this work we have performed a measurement of the g-factor

of this Isomer In order to take advantage of the great sensibility

of this parameter to the microscopic structure of nuclear states

to study this ambiguity. A 45 MeV alpha-particle pulsed beam from

the Stockholm 225 cm Cyclotron was used to produce the
181 182

Ta(alpha,3n) Re reaction. The measurements were performed

using the Time-Differential Perturbed Angular Correlation Method

(TDPAC) (see Fig.1). The observed value of the lifetime of the

state was 88.3(1.3)ns, in good agreement with Ref.2. The g-factor,

after corrections for metallic and Knight shifts and for dlamag-

netic shielding is

g * + 0.239(8).

The present value is about 40JS smaller than a preliminary va-
(3)

lue given by Agarwal et al. . The sign is clearly obtained from

the Initial phase of the oscillation of the perturbed angular

correlation in an external magnetic field.

As a result of these measurements we assign spin J = 16 to

the 2256 keV isomerlc state because of the following arguments:

- The g-factor is relatively small, which suggests a neutron

dominance.

- The calculated values for the different possible configura-

tions (see Table 1) fit reasonably well to the experimental

result, which constitutes a strong argument for the assign-
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ment of a protor and three neutrons to the configuration of

this state.

Although the configurations #3 and #4 give better fits to the

experiment, the other two configurations should not be completely

excluded. From the results of the present work it can be concluded

that J = 16 is the best assignment for the 88 ns i some r (see

Fig. 2), and this Is in agreement with the fact that no transitions

to the 12 and 13 states in the K « 9 band have been observed.

Table 1. Possible 4 quasi-particle configurations with one proton

and three neutrons for the 2256 keV isomer.

it

1

2

3

4

J*

15~

16+

16*

16~

rt9/2~

w9/2~

Ji9/2~

n9/2~

Configuration

[514*] ®i>9/2+ [ 624+ J ®i>7/2~

[514+]®i>9/2+[624+]®i/7/2~

[514+]«l>9/2+[624+]®i>7/2~

[514+]®v9/2+[624+]®i>7/2~

[SHj,]»^^"

[514j,]«i>7/2+

[ 503+J «1/7/2+

[514g,]®v7/2~

[512+]

[633+]

[633+]

[503+]

g-factor cale.

+0.33(3)

+0.32(2)

+0.20(2)

+0.29(2)

(344-5+6473) keV, I82R8
22563keV Isomer

450 500

CHANNEL NUMBER

Fig. 1

TIFR, India.

AFI, Suecla.

550

Fig.2
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WIS, Rehovot, Israel.
O ) Ark.Fys. 38 (1968) 537.

Phys.Rev.C 29 (1984) 114.

Y.K.Agarwal, private communication.

11.a.29 Experimental determination of short lifetimes in 78Sr

M.A.Cardona, A.Filevich, H.Achterberg and G.Garcia

Bermtidez

The study of nuclear structure In the medium-mass nuclei re-
78

vealed a strongly deformed region sitting around Sr. Lister et

al. have investigated the odd mass neighbour Sr and found two

collective bands based on a 5/2 and on a 3/2 states,

respectively.

In the present work we used a "plunger" device ' to perform

an experimental determination of the lifetimes of excited states
7fl R4 OQ 7Q

in Sr. These states were populated by the Fe( Si,2pn) Sr

reaction at a bombarding energy of 97 MeV. The target foil thick-

ness was 350 ng/cm and the stopper foil, able to stop completely
2

the recoiling nuclei was 20 mg /cm of natural Pb.

Two HP-Ge detectors were used at 0 and 135 degrees respecti-

vely to the beam direction. The analysis of the Doppler-shifted

peaks in the spectra obtained for different target-stopper dis-

tances gave the results shown in Table 1.

In the neighbour even-even nuclei which show strong rota-

tional properties the B(E2,2 — > 0 ) parameter has values of 107

and 87 Welsskopf Units for 7BSr and for ^Sr, respectively.

A preliminary result obtained for the 13/2 > 9/2 transi-

tion gives a value of 236, which is consistent with the former fig

ures. The negative-parity band also has large B(E2) values, which

indicate strong collective effects.

From the angular distribution and from the admixture parame-

ter in the 3/2 band, Lister et al.(l) obtained the values of the
quadrupole moments Q = 3.3(0.2) for 78Sr and Q =2.8 for 8°Sr.

o o

Table 1 shows the Q values obtained independently in the present

work from the experimental determination of the lifetimes. It can

be observed that a gooa agreement exists between these values and
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those of Ref (1).

Table 1

Transition

13/2+—*8/2

9/2+—)5/2+

13/2~—>9/2~

9/2~-->5/2~

7/2"-*3/2~

E

680

321

690

440

381

T (ps)

4

6S(15)

4

6(4)

16(3)

B(E2)/B(E2)sp

56

53(25)

29

135(70)

89(40)

QQ(eb)

2.3

3.3(1.7)

1.4

3.6(1.8)

2.2(1.1)

(1)

(2)

C.J.Lister et al., Phys. Rev. Lett. 4JJ (1982) 308.

M.A.Cardona, A.Filevich and G.Garcia Bermúdez, published in

this Report.

11.a.30 Systematic study of doubly-even nuclei In the A « 80

mass region.

G.Garcia Bermúdez

In recent years the systematic study of doubly-even nuclei

has proved to be both interesting and challenging. The main

characteristic for nuclei near the middle of the 28 s (N,Z) s 50

region is the onset of a very large deformation O = 0.4) and the

difficulty to define a nuclear shape near the ground state.

Recent studies analyzed the evolution of the E(4 )/E(2 ) pa-

rameter over a large A = 100 - 200 mass zone as a function of a

new parameter, N N , the product of the number of valence protons

and neutrons
(1) Extending this procedure towards lighter nuclei

meets with the difficulty of shape coexistence. This effect

perturbs greatly the energies of the 0 and 2 states.

To overcome this problem recent work used the transition

energy 4 —> 2 as a parameter, obtained at higher excitation
(2)

energy, which is less perturbed, as a function of N N
P n

It is our purpose to analyze the evolution of most positive
+ +

parity states excluding the 0 and 2 levels as a function of

N N . The nuclei covered by this study were the Isotopes of
P n
Se - Kr -Sr - Zr in which the parameter N N varied in the range

p n
40 =s N N s 100. The excitation energies were normalized conside-

p n
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ring E(2 ) = 0 and comparing nuclei with the same N N value. This
p n

study established that the energies are similar in the range 100-

200 keV up to the 10 state. Therefore It Is possible to group the

fourteen nuclei Into five different regions each defined by

considering the average energies for each angular momentum for

nuclei having the same value of N N . In Table 1 the different
p n

nuclei considered for the study are shown, together with the N N
p n

value. We can observe that the average nuclei, defined by the N N
p n

value (not by Z and N) show a regular transition from spherical to

deformed shapes.

In order to describe In a more quantitative way this transi-

tional region the Interacting Boson Model was used in the simple
(3)

version introduced by D.D.Warner et al.

The Hamlltonlan employed Is of the form:

H = 8 n + k Q.Q. + k' L.L.

where: Q : quadrupole operator

n : boson number

S : boson energy

L : angular momentum operator.

10

50 60 70 80 90 100

Fig 1
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The <c parameter of the Q operator was set as <c = -1.2 and not

to the value of -2.9 correspondig to pure SU(3)I3) and k' = 0.025,

considering that for pure vlbrational nuclei (N N = 40) the

quadrupole term Is zero (k = 0). The calculation was performed

using the code PHINTU> taking as free parameters S and k. Fig. 1

and Table 1 show the results of this calculation which describes

reasonably well the trend in the experimental data. A new non-

dimensional parameter G is introduced and obtained from the high

excited state to overcome

any perturbation near the

ground state. Thus introdu-

cing A(I) = E(l) - E(I-2)

and

G =

x 100

describes the rate of In-

1

e 0.5

crease In transitorial ener-

gies for the 8 + — * —>4+ cas-

cade. Fig. 2A shows the

change In G when the N N
p n

goes through the spherical-

deformed transitions.

We can observe a varia-

tion of almost one order of

magnitude which makes this

parameter a highly sensitive

one, very similar in

behaviour to the quadrupole

Intensity k (Fig. 2B).

10

o

- B

40 50 60 70 80 90 100
N n N p

Fig 2

Table 1

N N
P n

36 - 40

48 - 50

60 - 64

80

100

Nuclei*

78Se, 8*Sr, 86Zr
76Se, 8°Kr,

(82Sr + 8*Zr)/2

(84Zr + 86Zr)/2
72Se. 74Se. 78Kr
82Sr, B4Zr
74Kr, 76Kr, 80Sr

78Sr

n

6

7

8

g

10

E(MeV)

0.70

0.65

0.60

0.40

0.25

-k(MeV)

0.0

0.01

0.045

0.07

0.08
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(except Se y level 8 of °Zr).
(i)

(2)

(3)

(4)

R.F.Casten, Phys.Rev.Lett. 54 (1985) 1991.

S.L.Tabor, Phys.Rev.C 34 (1986) 311.

D.D.Warner and R.F.Casten, Phys.Rev.C g8 (1983) 1798.

O.Scholten, program PHINT (unpublished).

11.a.31 Collective states in the double-odd nucleus
78
Rb

M.A.Cardona, A.Fllevlch, G.Garcia Bermudez,

E.Achterberg, D.Otero, M.Debray and D. Napoli

The double-odd nucleus 78Rb belongs to a strongly deformed

region and its structure shows the coexistence of two rotational

bands 1 = 1 , having the same parity. *'

In the present work we have measured the lifetimes of these
(3)

states using a "plunger" device . The excited states were popu-

lated by the reaction 54Fe(28Si, 2pn)78Rb at a bombarding energy

of 122 MeV. The recoiling nuclei were stopped in a thick (3

mg/cm ) foil of natural Pb. The gamma-ray intensities were

normalized to the Pb X-rays.

Preliminary results are shown in Table 1. The obtained values

of these lifetimes are in good agreement with unpublished re-

sults'*'. As can be seen the 8 — > 6 transition shows a strong col.

lectivity suggested by the value of B(E2) = 78 (23) W.u. . A simi-

lar collective behaviour can be found in the neighbouring even-

even nuclei 7e>7SKr: B(E2) = 85 (65) W.u. and 78>80Sr: B(E2) = 106

(87) W.u. .

Other 6 — > 4 transitions, having a smaller degree of collec-

tivity, are found to populate the lowest energy state, whose pari-

ty is hitherto unknown. Further work would be required to find out

the parity and general character of this collective band.

Transit ion

I
I

I
CO 

C
O

 
C

O

-> 6

-> 4

-> 4

E

429.

307.

377.

8

9

3

Table

T (ps)

21(4)

95(15)

37(5)

1

T(Ref 4)

22(4)

92(9)

39(4)

B(E2)/B(E2)

78(23)

24(8)

53(21)
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( 1 ) G.C.Hicks e t a l . , Phys.Rev.C30 (1984) 549.
Í PI

M.A.J.Mariscottl et al., Phys.Rev.C19 (1979) 1301.
(3)

M.A.Cardona et al., I.e.5, this Report.

C.J.Lister, private communication.

II.a.32 Evidence for predicted level crossing in doubly

decoupled structures.

A.J.Krelner and D.HoJman

High spin states in 17*Ta have been studied for the first

time through in-beam spectroscopy techniques following the
le9Tm(8Be,4n) fusion-evaporation reaction. A AI=2 doubly decoupled

band based on a 3 state has been searched for and identified,

confirming the predicted deformation dependence of this structure.

A remarkable addltivity is found for alignments and deviations of

moments of inertia with respect to an appropriate even-even core.

Phys.Rev.C (Rapid Communications) 3§ (1987) 2173.

11.a.33 Shape coexistence In 189TI.

A.J.Kreiner, J.Davidson, M.Davidson, H. Mosca, L.L.

Rledlnger*

High spin states of 18eTl have been populated through the

fusion-evaporation reaction 169Tm(24Mg,4n) at E(24Mg) = 125 MeV

and its subsequent decay studied by in-beam y-ray spectroscopy

techniques. Among the firmly established features there are two

band structures resulting from the coupling of the h and 1
8/2 13/2

proton Intruder states to the oblate ground state band of the Hg

core. However, above a certain excitation energy both bands show

structural changes possibly related to the prolate shaped excited

band in 188Hg. At 1

shapes Is observed.

a University of Tennessee, USA.

1 ft ft **"

band in Hg. At least for the it 1 case, coexistence of both
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11. a. 34 Structures in the doubly odd 17e"178Re.

D.Santos, A.J.Kreiner, J.Davidson, M.Davidson,

M.Debray, G. Falcone and D.HoJman

We have found several rotational bands in the doubly odd rhe-

nium isotopes Re, using in-beam y and e spectroscopy tech-

niques through heavy ion induced fusion reactions, in addition to

the doubly decoupled structure that we have Just published

In predicting the structure of each rotational band, we have

done a zero order level scheme with the orbitals which play the

role of band head in the neighbouring odd nucleus.

Among the new bands found in the * Re, two are dipolar,

corresponding to the following structures: - [402] ® v- [521],

Jih » ni , and in the 176Re the dipolar band that could be

described by the nhs/2 » v- [512].

There is another quadrupolar band that would be the unfa-

voured , less aligned one, although the connection between both

quadrupolar bands (favoured and unfavoured), could not be

measured.

All these structures have been studied with the two quasi-

particle plus rotor model, and yield a very satisfactory fit, for

an axial symmetry prolate deformation of £=.23 and without taking

into account a residual Interaction between the external

quasiparticles.

The model has been performed with the additional f

deformation degree of freedom in the strong coupling basis, by

M.A.Cardona and one of the authors (D.S.).

(1) Z.Physik A324 (1986) 363.

11. a. 35 Doubly decoupled bands In 17e"178Re.

J.Davidson, M.Davidson, M.Debray, G.Falcone,

D.Hojman,A.J.Kreiner, I.Mayans, C.Pomar and D.Santos

This type of structure , in which both valence proton and

neutron occupy predominantly £J=- orbitals with decoupling para-

meters equal or larger than unity, just has been found in doubly
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odd lrldium nuclei (A=182,184, 186) U \

A search for these bands has been successfully conducted In
176"178ite produced through the 1B9Tm(12C and 13C,xn) fusion-evapo-

ration reactions performed with the TANDAR accelerator, using

in-beam n and e spectroscopy techniques.

Among other bands each of the isotopes displays a prominent

cascade of stretched E transitions based on I =5* states. We
2

believe, however, for reasons explained In ref (2), that the band

heads for these bands are 3 states.

Allgments i, as functions of the rotational frequency w, are

extracted and compared to the corresponding quantities in the

i y i

- [521) and - - [541] cascades In odd W and odd Re respectively,
showing a remarkable additivity.

(1) A.Kreiner et al..Nucl.Phys. A432 (1985) 451.
<2) Z.Physlk A324 (1986) 363.

11. a. 36 Band structure in 1B0Re and the different coupling
(*)schemes in a deformed doubly odd nucleus.

A.J.Krelner, J.Davidson, M.Davidson, D. Abrióla,

C.Pomar and P.Thleberger

1B0

Rotational bands in the odd-odd nucleus Re have been

studied via the 17BYb(10E,6n) and 181Ta(a,5n) fusion-evaporation

reactions. A completely new high-spin level scheme has been

obtained comprising four ¿1=1 and AI=2 bands. The AI=1 structures

can be understood from quasiparticle states in neighboring odd

nuclei and the AI=2 band is interpreted as a new example of a

double decoupled sequence based on the decoupled h proton and a
8/2

1/2 1521] neutron. The different coupling schemes in a deformed

doubly odd nucleus have been discussed.
'"' Phys.Rev.C, in press.

51



II.a.37 Boson, slmplectlc and other replicas for simple

Hamlltonlans.

A.P.Zuker*. M.Dufour* and C.Poaar

We have developed a linearization method for some simple

(naturally trldlagonal) Hamlltonlan. For the ground state It Is

equivalent to the lowest approximation In the coupled cluster

formalism of Coester and Kummel and Its extension to excited

states Is straightforward. Then we construct sets of equivalent

Hamlltonlans (boson or simplectlc replicas) that produce the same

secular problem. In general they are not manifestly Hermit Ian. We

show how to deal with this problem and we extract mean fields that

describe both the normal and symmetry breaking regimes and at the

same time Incorporate varlatlonally terms usually thought of as

correlations.

* Lab. Physique Nucléalre Théorlque, C.R.N., Strasbourg, France.
U > H.Kümmel, K.H.LUhrmann and J.G.Zabolltzky, Phys.Rep. 36C

(1978) 188.

11.a.38 Superdeformed bands In Nd nuclei .

E.M. Becka, R. J. McDonald", A. 0. Macchlavell i, J.C.

Bacelarc, M. A. Deleplanqueb, R. M. Diamond13, J.E. Draper

and F. 3. Stephens'*

Superdeformed bands were found in ' Nd. Their dynamic

moments of Inertia are about as large as those of the known
1 ̂S 132

superdeformed bands In " Nd and Ce, corresponding to |3<*0.5. A

high probability for staying in band is measured for the discrete

superdeformed bands In ' Nd, In contrast to the unresolved

superdeformed ridges.

'"' Phys.Lett. B195 (1987) 531.

Institut f.Strahlen-u. Kernphysik, Bonn, Fed. Rep. Germany.

Lawrence Berkeley Laboratory, USA.

Kernfysisch Versneller Jnstltuut, Gronlngen, The Netherlands.
d University of California. Davis, USA.
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11.a.39 Excited states In BAc.

M.E.Debray, A. J.Kreiner, M.Davidson, J.Davidson, D.

Hojman, D.Santos, C.Falcone y M.A.Cardona

218

The level scheme of Ac has been Investigated via the

Bi( C,3njr) reaction by in-beam oc.jr spectroscopy and conversion

electron measurements. Alfa and gamma ray excitation functions

have been measured in the energy range E( 1 2C) = 6 4 - 8 2 MeV. With

a-y and y-jr coincidences we have deduced the partial level scheme

that is shown in the accompanying figure.

The assignment of spin and

parity 9 to the lower state of

the scheme is based on the con- 116*)—^ 15742

Jecture on the parallel coupling
439.1

11351

4689

6662

of the h proton to the core
2 1 7Ra(ug a / 2) . We assumed the

parallel coupling because the po

pulatlon of states with maximum

spin is favoured by heavy-ion

reactions. The level scheme of
718

the Ac Interpolates quite

well between the two neighbour

Isotopes, showing its transi-

tional character from a single

particle to a collective struc-

ture. This can be seen in

Mallmann's plots'2'. The 218Ac

shows a different structure with

respect to the lighter actinides

with the apparition of alter-

native parity states connected

by strong El transitions. The

ratios B(E1)/B(E2) indicate a structure similar to that of the
2T8Ra<3) and 220Th(4).

(9-)
218 A c

( 2 )

(3)

( 4 )

D.J.Decman, Nucl.Phys.A 436 (1985) 331.

A. J.Kreiner and C.Pomar-, Phys.Rev.C 35 (1987) N6.

Fernández Niello, Nucl.Phys.A 391 (1982) 221.

W.Bonin, Z.Phys.A 322 1985) 59.
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11.a.40 Doubly decoupled structure In ' Ir.

A.J.Kreiner, P.Thieberger* and E. K.Warburton*

A search for structures in which both valence neutron and

proton occupy predominantly (I = 1/2 orbits, called doubly

decoupled, has been successfully conducted in ' Ir. These

evaporation residues were populated through the ' Yb( N,4n)

fusion reactions and studied using y-ray spectroscopy techniques.

Brookhaven National Laboratory, New York, USA.

98
II.a.41 Yrast bands in doubly odd transitional nuclei Tc

and 100Rh.

A.M.Blzzeti Sana8, P.Blasl", A.A.Stefanlnl*.

G.GaJeazzi and A.J.Kreiner

ss
The parity of high-spin states In the N = 55 isotones Tc

and Rh has been determined by means of in-beam measurements of

electron conversion coefficients. A AJ = 1 band based on a J = 8

state has been identified In both nuclei. The observed bands,

similar to those of odd-odd Ag Isotopes, can be interpreted as due

to the coupling of a g proton configuration with a neutron In

the hu/2 subshell.

Universita di Flrenze, Italy.

Laboratori Nazlonall di Legnaro, Italy.

II.a.42 High-spin states In "Tc via the B*Zr(7Li.3n)9aTc

reaction.

A.M.Bizzeti Sonaa, P.Blasl', A.A.Stefanlni",

A. J.Kreiner

The level scheme of Tc has been Investigated via the
94 7

Zr( I.l,3ny) reaction by in-beam y-spectroscopy and conversion-

electron measurements. Gamma ray excitation functions, y-y coinci-
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dences and I (0°)/I (90°) anlsotropies have been measured in the

energy interval E(7Li) = 23-31 MeV. High spin states up to J=14

and E=3200 keV have been observed.

A AJ=1 negative parity band based on the Jn= 8~, 1091 keV

state, has been identified. The level scheme has been compared

with the predictions of the two quasi-particles plus rotor model.

The negative parity band is associated with the ng ® wh

intrinsic configuration space.

a Universltá di Firenze. Italy.

11.a.43 Weak and strong signature splitting in doubly-odd
132Pr.

S.Shi", C. W. Beausang*. D.B.Fossan". R.Ma*. E.S.Paul*,

N. Xu" and A.J.Krelner

An Investigation of the collective structures in the doubly-

odd nucleus 132Pr has been undertaken with the 117Sn(19F, 4n)13ZPr

reaction. Two distinct rotational structures with both signature

components have been established. One band, with no signature

splitting, is built on a near-prolate wh • ® vg structure.

The second band, with a small signature splitting, Involves the

nh ® vh configuration with a triaxial shape. A comparison

with recent results for the La lsotone has been made. A third

band structure of large signature splitting (doubly-decoupled) was

observed showing only one signature component. This band structure

Is believed to Involve the 0-drlvlng ui13/2 [660]l/2
+ orbital.

a State University of New York at Stony Brook, New York, USA.

11. a. 44 Rotational bands In doubly-odd 132Pr and 130La.

S.Shi", C.W.Beausang*. D.B.Fossan*, R.Maa, E.S.Paul',

W.F.Piel Jr.'.N.Xu", L.Hildingsonb and A.J.Kreiner.

1J2 130

Rotational bands have been observed In Pr and La using
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the Sn( F,4n) and bCd( F,5n) reactions, respectively, at

the Stony Brook Tandem-LINAC facility. The deduced decay schemes

of the two doubly-odd nuclei are very similar. In each nucleus,

bands built on the jih ®i>g configuration (no signature split-

ting Ae') and the nh »yh configuration (Ae' ~ 50 keV) were

observed. The signature splitting of the latter configuration

arises from the h neutron orbital which drives the nuclear

shape away from the prolate shape [? = 0°) to a triaxial shape

(y < 0°). This neutron y-driving force is opposed by the valence
hn/2 P r o t o n which drives to y a 0°. Hence, the degree of triaxla-

lity is less than that observed in neighboring odd-N nuclei, which

is evident as a smaller signature splitting (~ 50 keV) In the

doubly-odd nuclei when compared to odd-N nuclei (fe 100 keV).

a SUNY-Stony Brook, New York, USA.
b AFI-Stockholm, Sweden.

184

II.a.45 Structure of doubly-odd nucleus Ir from the decay

A.Ben Braham", C. Bourgeois", P.Kilcher*, B.

Rousslére", J. Sauvage*. M.G.Porquetb, A.J.Kreiner

and the ISOCELE collaboration

1B4 + 1B4

States oí' ¡r populated through the 0 /EC decay of Pt

were studied using mass-separated sources and on-line y-ray and e

apectroscopy techniques. A rather complete low-spin level scheme

Is established. Negative and positive parity structures are

Interpreted within the two-quaslpartlcle-plus-rotor model. They

are mainly the nh ®i»i structure based on a 3 isomer at
9/2 13/2

225.7 keV.

Institut de Physique Nucléalre, Orsay, France.

Centre de Spec

Orsay, France.

Centre de Spectrométrie Nucléaire et de Spectrométrie de Masse,
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I l .a . 46 The decays of 123> 12SCd and 123Ag.

H.Huck, A.Jech, G.Martí, M.L.Pérez and J.J.Rossi

The nuclear structure of the Cd and In Isotopes in the mass

region A=115-121 is currently explained making use of proton-holes

Interactions In the Z=SO closed shell. There Is a tendency to

believe that the low excitation energy isomerlc states are

deformed states, and therefore their energy levels could be well

reproduced including vlbratlonal and rotational degrees of

freedom. It would be correct for nuclei with N (neutron number) in

between closed shells and therefore it is interesting to test if

those predictions are still valid for N approaching the closed

neutron shell N=b2.
121

In Cd (ref. 1) an experiment was carried out In which an
- ~* 121

11/2 isomeric state decaying 0 to the In was found and

measured. The results were in agreement with the expected predic-

tions mentioned above. Later on an experiment was performed to

study the decays of 123Cd and 12BCd (ref.2), showing that this

tendency was interrupted. However, the results of ref. [3] were

suggesting at least the existence of one Isomeric state in the

decay modes of each nucleus.

We decided to carry on the experiments to study the different

mass 123, 125 isotopes decays specially emphasizing the ' Cd

half-lives decays and the ' In excited level schemes.

The experiments were performed recording several y-ray

single spectra, bldimensional y-y coincidences prompt and delayed

spectra, and using the multiscaling technique we have measured the

half-lives for the strongest jr-ray transitions belonging to each

nucleus decay.
123

The experimental results showed that in the /3-decaying Cd

Isotopes there were two half-lives Involved: one of 2.12 ± 0.03 s

corresponding to the decay of the low spin isomer Cd9, the

other of 1.81 ± 0.03 s corresponding to the decay of the high spin

Isomer, in good agreement with the results of ref.[3].

The two Independent level schemes obtained for both decays

are shown in figures 1 and 2 respectively.
125

In the same way, for Cd decay two half-lives were also

observed and measured: one for the low spin isomer I2SCd9 decay

with value 0.68 + 0.04 s, and the other for the high spin Isomer
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Cd decay with value 0.48 ± 0.03 s. The corresponding level

schemes are shown In figures 3 and 4.

The results of ref. [2], using U thermal neutron fission,

show no evidence of the existence of the 'Cd (1.81 s) and
12SCd (0.48 s) isomers. A possible explanation about the

discrepancy with our results may be the fact that the different U
238

fission-products production mechanism used by us ( U fast

neutron fission) was favouring the high spin shorter half-live

isomer production.

Theoretical calculations are being carried out to explain the

level schemes but our early results will not be discussed here.

In the course of those experiments we have also studied the
123 123

(3-decay of Ag to Cd. The corresponding decay half-life was

measured giving a value of 0.35 ± 0.03 s In reasonable agreement

with ref [3], A preliminary excited level scheme of Cd is shown

in Fig. 5.
123

Fig. 1. Excitation energy level scheme in In populated In the

decay of 123Cdfl (2.12 s) deduced from the present experiment. The

y-ray intensities are given in percent of the decays of the parent

nucleus. A dot at an arrowhead indicates an observed coincidence

relation, while a dot at the tail of an arrow means that the tran-

sition has been used as a coincidence gate. The Q_ values here and

in figures 2, 3 and 4 were taken from ref. [5]. Energy levels and

•g-ray transitions are in keV.

123

Fig. 2. Excitation energy level scheme in In populated in the

decay of Cd (1.81 s) deduced from the present experiment. See

also the caption of Fig.1.

Fig. 3. Excitation energy level scheme in In populated In the

decay of Cd9 (0.68 s) deduced from the present experiment. See

also the caption of Fig.1.
125

Fig. 4. Excitation energy level scheme in In populated in the

decay of 12SCdm (0.48 s) deduced from the present experiment. See

also the caption of Fig.1.

Fig. 5. Preliminary level scheme of Cd populated in the decay

of Ag of 0.3S s half-life.
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(1> B.Fogelberg and P.Hoff, Nucí. Phys. A376 389 (1982) and

references therein.

P.Hoff, B.Ekstrbm. H.GBktUrk and B.Fogelberg, Nucí. Phys. A459

(1986) 35.
<3) H.Mach, R.L.Gill, D.D.Warner, A.Piotrowski and R.Moreh, Phys.

Rev. C 34 (1986) 1117.
<4) C. V. Welffenbach and R.Tickle, Phys. Rev. C 3 (1971) 1668.
<S) L.Spanler et al., Nucí. Phys. A474 (1987) 359.

II.a.47 Rotational structures in 172Ta.

D.HoJman, A.J.Krelner, J.Davidson, M.Davidson, M.

Debray, G.Falcone, D.Santos, C.Beausang", D.B.Fossan*

and E.Paul*

The nucleus * Ta has been studied for the first time at the

Nuclear Structure Laboratory of the State University of New York,

through the reaction lB9Tb(180,5n) in the range E(180)=80-96 MeV.

The 5n channel was found to peak at 89 MeV. The experiment was

performed with an ensemble of four Ge detectors with Compton

suppressor and has comprised both in-beam y-jr coincidences, y and

X-rays singles and activity spectra. A complete and new high-spin

level scheme was established. For the determination of spins and

parities another experiment was performed at the Tandar Laboratory

through the reaction 16aDy(14N,4n) at 71.5 MeV. The latter has

comprised measurements of e (with a mini-orange spectrometer), y

and X-rays singles and y-e"-t coincidences.

Double-decoupled bands (DDB's) in odd-odd nuclei are entailed

to the fact that the valence nucleons occupy predominantly fl = 1/2

orbitals with decoupling parameters larger than or equal to unity.

These orbitals are, in the heavy rare-earth region, 1/2 [541] for

the odd proton and 1/2 [521] for the odd neutron. On the other

hand, the band heads are the ground states (or nearby) of the odd-

mass nuclei. Fig.1 shows the energies of the 1/21541] as a func-

tion of the neutron number for some odd-Z nuclei, and we notice

that one of the best candidates for this type of phenomenon is
172Ta.
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In Fig.2a we display the set-up for the first experiment,

which has enabled us to identify three dipolar cascades and a AI=2

DDB (Fig.3 and 4) and also a complete level scheme (Fig.5).

Fig.2b shows the set-up for the second experiment and in

Fig.6 we see an e single spectrum.

The DDB can be analysed within the framework of the Cranking

model . From the transition energies we calculate the rotational

frequencies as

h uii) * [E(i*i) - E(i-n) / [I (i*i) - I <i-i)] (l)

and express the total transverse angular momentum as the addition

of a particle contribution (1 * alignment) and a collective one

I (W) = Kw) + [3 (w) + 3 («) • u2] • u. (2)
X O 1

We obtain mean values for the alignment and the total moment of
Inertia as a function of u. We do the same with the neighbour odd-

mass and even-even nuclei (mTa, 171Hf and 170Hf). We then cons-

truct the curves that we see in Fig.7 and 8, where we can observe

the additivity of the contributions of the two odd nucleons with

respect to that of the two nucleons In the odd-odd nucleus.
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(a)

(1 )

State University of New York at Stony Brook, USA.

R.Bengtsson et a l . , Nucl.Phys.A 327 (1979) 139.
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II.b. Kuclear reactions

11.b.1 A coupled channel formalism In gauge space.

M.Bernath, O.Dragun, J.E.Testoni and H.Massmanna

In the present work, basic concepts of the Intrinsic-Coordl-

nate-Dependent Phase Shifts formalism (ICDPS) are used to describe

transfer of nucleón pairs In heavy Ions collisions.

The formalism assumes the existence of a rotor or a vibrator

in an abstract gauge space, whose deformed potential is described

by means of an intrinsic coordinate in such gauge space, in a

similar way us Lhe potential corresponding to a deformed nucleus

In the real spree was described in previous applications of the

ICDHS formalism . Now, transitions between collective states in

thy gauge space correspond to the transfer of pairs of nucleons

between heavy ions.

The method is successfully applied to the following

reactions:
12*Sn(l*C,12C)126Sn at US.75 MeV, 64Ni(180, le0)66Ni at 50 and 57

MeV. 58'60NiC14C,12C)60>6aNi at 64 MeV. 138Ba( J4C, 12C)14°Ba at 64

MeV, 142Nd(I80,160)144Nd at 98 MeV and 144Nd(12C, 14C)142Nd at 78

MeV.

M N I < V O > " N ¡

1(1'

E =50 MeV
lab

'50° 70" 90°
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The figures show fits obtained for some of the above

mentioned examples.

The corresponding deformation coefficients seem to be smaller

than those expected from the systematics of well known pairing

theory studies. In fact, new studies, which are currently being

carried on, suggest that this fact is due to the effect i'.- charac-

ter of the deformation coefficients In the present formalism,

which does not consider separately projectile and target deforma-

tions. Values for the deformation coefficients do not depend on

bombarding energies and they change for different isotopes as it

occurs in deformed nuclei in real space.

8 Univ. de Chile, Santiago, Chile.
(1> H.Massmann and R.Llppermelde, Ann.of Physics 123 (1979) 120;

M.Bernath, 0. Dragon, J.E.Testonl, H.Massmann and G.Ramirez,

Z.Phys.A 324 (1986) 59.
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II.b.2 Transfer of two neutrons at high angular momentum

states In deformed heavy nuclei and the "diabolic"

effect.

M.Bernath, 0.Dragon and H.Massmann*

A formalism based on the coupled channel Born Approximation

Is presented. The modification consists In replacing the coupled-

channel wave functions for the relative motlci by the waves

generated by the angle dependent S-matrlx formal ism(1>. This

treatment constitutes a unique tool in studying two nucleón heavy

ion transfer reactions at high angular momentum states talcing into

account the full coupling between the states of the rotational

bands of target and residual deformed nuclei.

Then, introducing external form factors (in our examples we

use for simplicity macroscopic form factors but the treatment

can also be used with microscopic form factors including finite

range and recoil effects) we obtain the two-neutron transfer (2NT)

S-matrix for different final high angular momentum states and the

angular distributions. The formalism also allows the possibility

of analyzing the effects of a phase change In the 2NT matrix ele-

ment depending on the momentum state at which the transfer occurs

("diabolic" pair transfer effect ).

As an example, we show results for the 2NT reaction

C + W at E = 7 0 MeV, extending the calculation up to the
lab l a e 1 8 4

first ten states of the rotational bands in W and W (that

means, taking into account the coupling and the transfer up to

J = 18+).

We only consider zero angular momentum coupling for the pair

of neutrons. The coupling scheme is the following

18

16

+

+

\

i 18

16

A+2
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Fig. 1

Two cases were evaluated In order to study the mentioned

"diabolic" effect:

a) The form factor <Aj|(a a)jJ(A+2)j> Is multiplied by the
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angular momentum dependent function F(J) which was taken F(J)=1

for all J = 0 + , 2 + 18*.

b) The function F(J) was taken:

F(J) « 1 J • 0 +,2 +,4 +,6 +

F(J) = 0 J = 8 +

F(J) = -1 J •= 10 +,12 +,14 +,16 +,18 +

The results obtained for the S-matrlx are shown In Fig.1 for

cases a) and b ) .

For the first states (0 ,2 ,4 and 6 ) the two calculations

give the same results.

However, for the other states (8, 10, 12,...) the S values

shown in b) are Increasing orders of magnitude smaller than the

case evaluated with the function F(J) of a ) .

(1> M.Bernath, 0.Dragon, K.Massmann and G.Raairez, Nucl.Phys.A469

(1987) 369.
(2) C.H.Dasso and A.Vltturl, Phys.Lett. 179B (1986) 337.
(3) R.S.Nlkam, P.Ring and L.F.Canto, 2.Phys.A 324 (1986) 241.

II.b.3 The computer code CCFUS for statically deformed

nuclear systems.

J.Fernandez Niello, C.H.Dasso* and S.Landowneb

The coupled-channel code CCFUS has been Modified to allow for

the calculation of fusion cross sections at energies below or near

the Coulomb barrier with deformed nuclei. Quadrupole and hexadeca-

pole static deformations for both nuclear partners are Included.

Specific reactions involving U, Th, W and Sm isotopes were used to

check the accuracy of the calculation scheme.

* Niels Bohr Institute.

Argonne National Laboratory.
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II.b.4 Role of static hexadecapole deformations In sub-

barrier fusion reactions between heavy Ions.

J.Fernández Mello and C.H.Dasso"

We carried out a systematic study of the contribution of A=4

deformations to the enhancement of subbarrler fusion Ion sections.

In this work we reexamine the arguments which can be put forward

to understand the role of both positive and negative hexadecapole

shapes. To conduct this extensive survey we take advantage of a

recently developed, updated version of the finite-range coupled

channel code CCFUS.

We concluded that positive hexadecapole deformations will

always contribute to enhancements of the fusion cross sections. In

this statement It is understood that one speaks about increases

which are measured with respect to the ones already generated by a

prolate nucleus. The situation for negative A=4 moments is, on the

other hand, not obvious. One may expect situations in which the

addition of the hexadecapole degree of freedom could even reduce

the enhancement of the fusion cross section.

a Niels Bohr Institute.

Il.b.S Capture reactions In *°'*8Ca + 197Au and 20BPb.

D.E.Di Gregorio, M.di Tada,J.Fernández Niello, A.J.

Pacheco, J.Testonl, Y.d.Chan*. E.Chavez", S.Gazes*,

E.Plagnol" and R.G.Stokstad"

Cross sections for capture-fission and quaslelastlc processes

were measured in 40Ca • 187Au, *8Ca + 197Au, 40Ca + «"pb.
48Ca + ^ P b at energies between 5 MeV/amu and 10.5 MeV/amu. For

these systems, the above-mentioned energies correspond to center-

of-mass values that range between 0.9 and 2 times the Coulomb bar-

riers. Therefore, from these data one expects, on one hand, to ob-

tain Information about the behaviour of each one of these systems

at energies below the barrier, and on the other, to compare the

results at high energies with theoretical predictions from a macro

scoplc model (extra-push). Regarding these points, the chosen sys-
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terns are suitable for the study of possible effects due to the

presence of magic and non-magic nuclei.

The experiments were performed at the Lawrence Berkeley Lab-

oratory using 40Ca and 48Ca beams provided by the 88" Cyclotron.

Reaction products were detected by means of two position-sensitive

parallel plate avalanche counters that covered an angular range of

20° and 40° respectively. These reaction products were identified

by using the klnemat leal coincidence method, i.e., by measuring

besides the position in both detectors, the time of flight differ-

ence between the fragments.

Fig. 1

For each system and for every projectile energy at least two

measurements were performed corresponding to different angular set.

tings of the detector. In this way the efficiency for the detec-

tion of different types of reactions (elastic or quasielastlc scat,

tering, capture-fission reactions) was optimized due to kinematic

selectivity.

The data were stored on magnetic tape in "event-by-event" for

7b'



mat. During the off-line analysis, performed at the TANDAR labora-

tory, the kinematics of the reactions were reconstructed after se-

lecting binary events, so that mass (M), total kinetic energy loss

(TKEL) and center-of-mass angle spectra could be produced.

Taking from these spectra the total number of counts corre-

sponding to the Intermediate masses and normalizing appropriately,

cross sections for capture-fission were evaluated.

Fig.2 shows relative excitation functions for *°Ca and *8Ca

or
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The interpretation of the results In the framework of the

above mentioned models is under way.

Lawrence Berkeley Laboratory, University of California, USA.
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II.b.B The sub-barrier fusion of O with ' Sm.

D. E.D1 Gregorio, M. di Tada, D. Abrióla, M. Elgue,

A. Etchegoyen, M.C.Etchegoyen, J.O.Fernández Niello,

A.M.J.Ferrero, S.Gil, A. 0. Macchlavelll, A. J. Pacheco,

J.E.Testoni, P.R.Sllvelra Gomes", V. Vanin", R.

Llguorl Neto", E. Crema" and R.G. Stokstadc

There has been in recent years a considerable interest In

studying the Influence of nuclear structure on heavy-ion fusion

cross sections at energies near and below the Coulomb barrier

The effects of nuclear deformation have been demostrated in
. - .. , - 16_. 14«,1*8,150,152,1S4_ (2,3)

measurements of iusion of 0 + Sm .

In order to complete the analysis of the influence of nuclear

structure in the Sm Isotopes, measurements of fusion cross sec-

tions of 0 with the odd Isotopes, ' Sm were undertaken.

These measurements give further insight on the influence of nu-

clear deformation and valence neutrons on the fusion probability.

The experiment was performed at the TANDAR Laboratory In Bue-

nos Aires. Beams of 0 delivered by the 20 UD tandem accelerator

with laboratory energies from 61 to 75 MeV were used to bombard

Sm isotoplcally enriched targets. Fusion cross sections

were measured by observation of delayed X-rays emitted by evapor-

ation residues produced In the reaction and trapped in a catcher

foil.

The measured fusion cross sections for the systems 0 +

i«7,i49gm a r e presenLecj j n fig. i as a function of laboratory ener-

gies. For comparison, experimental measurements corresponding to

0 + Sm taken from ref.2 and obtained in the present wor.v are

also Included.

To discuss the behavior of the fusion cross sections at sub-

barrier energies for the ocd Sm Isotopes we used a one-dimensional

barrier-penetration model that includes the effect of deformation

(Wong's model). Following the approach and the parameters R , V ,
b b

and hw, extracted In ref. 3, we have obtained values of /8 for

' Sm which are consistent with those values of nuclear defor-

mation obtained from Coulomb excitation measurements and model

calculations reported In ruf. 4.

These results show t..at the systematic enhancement of <r
le fus

observed for 0 on Sm Isotopes, which span the region from sphe-

80



rlcal to we 11-deformed nuclei including the odd Isotopes,

' Sm, can be explained In terms of a one-dimensional barrier-

penetration model when the deformation parameters are taken Into

account. Therefore, the presence of valence neutrons does not

Influence the enhanced fusion cross sections in these systems.
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Fig. 1

* Universldade Federal Fluminense, Nlteról, Brazil.

Unlversidade de Sao Pauio, Brazil.

Lawrence Berkeley Laboratory, University of California, USA.

S.G.Steadman (ed.), Fusion reactions below the Coulomb

barrier, Proc.(Cambridge, MA, 1984) Lecture Notes In Physics,

Vol.219 (Springer, Berlin, 1985).
<2) R.G.Stokstad et. al. , Pnys. Rev. Lett. 41, 465 (1978); Phys.Rev.C
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(3)

(4)

21. (1980) £427.

D.E.D1 Gregorio et al., Phys.Lett.B 176 C1986) 322.

C.Garret et al., Nucl.Phys.A 262 (1976) 137.

II.b.7 Near-barrier transfer In 1B0 + 14*'1B*Sm.

A. J. Pacheco. A.O.Macchlavelll. D.Abrióla, D.E.DI

Gregorio, A.Etchegoyen, M.C.Etchegoyen, J.O.Fernández

Niello. A.M. J.Ferrero, S.Gil, J.A.Klttl and

J. E. Testonl

In this work we present results from a study of charged-

particle transfer in the systems

to the Coulomb barrier.

10
0 +

154
Sn at energies close

The samarium Isotopes are known to span a wide range of nu-
14*.-clear deformations from the spherical

164
Sn to the well deformed

'Sm. Therefore, by studying these systems one may learn about

the dependence of transfer on deformation, which is known to have

a decisive influence on sub-barrier fusion.

Beams of >60 were delivered by the 20 MV tandem of the TANDAR

Laboratory. The measurements were performed at two bombarding

energies (65 MeV and 72 MeV)

In the vicinity of the inter

action barrier. Two-dlmenslo

nal AE-E spectra for charge

Identification, as well as

energy spectra for fragments

with different atomic num-

bers, were obtained in the

angular range 8 = 60° to

150°. A silicon detector

placed at 20° was used for

B
CD

en
CL-

O

io2

io3

normalization purposes.

Fig.1 shows angular dis

trlbutlons of carbon and nl-
144-

10

Carbon

10

'Sm

and ""Sm. At 72 MeV these

distributions are bell-

trogen Isotopes for
154r

• 1 MSn. 65 MtV

12

Fig.l

18
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shaped with the peak near the grazing angle, as expected for di-

rect transfer reactions. At 65 MeV, a continuous rise of the dif-

ferential cross section Is observed as one moves to backward

angles.

These angular distributions may be alternatively presented as

transfer probabilities, P, vs. the distance of closest approach,

D For this purpose, transfer probabilities were approximated by

the ratio between the measured differential cross section and the

corresponding Rutherford elastic cross sections.

Within the framework of a semiclassical model, transfer prob-

abilities can be calculated assuming that the transferred particle

penetrates an effective barrier whose height, B , may take into

account the effect of the excitation energy, and whose width is

determined by the distance of closest approach:

P(D) = C a expf-a D] slnfe /2)
0 «• 0 •* * cm ^

where a Is an effective penetration constant related to B
0 eff

This expression was used to fit the experimental probabilities (ex

eluding the points corresponding to the smallest distances) lead-

Ing to the production of carbon and nitrogen fragments emitted In

the reactions 160 + 144Sm at 65 MeV and 72 MeV. The dashed curves

in Fig. 2 show the fits

corresponding to the emis-

sion of carbon fragments in
>a0 + M*Sm. The calcula-

tions Just described were

modified to include the qua

drupole deformation parame-

ter £ . This was done by con

slderlng that the distance

of closest approach between

nuclear surfaces, d, and the

effective penetration factor

depend on the orientation

angle % between the target

and the projectile, and then

averaging over all values of

the orientation.

The solid curves In fig.2 are the results of calculations for

60 70 90 IW 130 150 170 50 70 90 110 I » 150 T70

9 c m Cdeg)

Fig.2

154
Sm at 65 MeV and 72 Me'/ using the parameter!, extracted from the
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spherical case. Although they fail to explain quantitatively the

experimental points, the prediction of an overall Increase of the

probabilities and a slight change of the slope (larger probabi-

lities at larger Impact parameters). Is in rough agreement with

the data. It remains to be understood whether the lack of a more

quantitative agreement between the calculation and the data is a

consequence of Í) the oversimplification Involved in this purely

geometrical model, and/or 11) the fact that structure effects

other than nuclear deformation should be taken into account when
. 1*4-, . 164-

comparing Sm and Sm.

II.b.8 Energy-dependent potentials in the 180 + 144Sm system.

D.Abrióla, D.E.Di Gregorio, A. Etchegoyen, M. C.

Etchegoyen, J.Fernández Niello, A.M.Ferrero, S.Gil,

A. 0. Macchlavelll, A.J.Pacheco. J.E.Testoni. J.Kittl

Beams of 1B0 with energies ranging from 61 to 76 MeV,

provided by the Tandar accelerator at Buenos Aires, were used to

bombard an enriched (88.6%) target of Sm of 94 ¿tg/cm . The

reaction products were detected using five surface barrier Si

counters.

Elastic and inelastic angular distributions have been meas-
ured at E - 69.2 MeV and E = 72.3 MeV. Excitation functions

lab lab

at backward angles were taken at energies between E =61 and 76

MeV.

In an attempt to simultaneously describe the elastic scatter-

ing data * and the fusion data , several energy-independent

potentials were tested starting from three different radius para-

meters and adjusting the other parameters to obtain the best value

of x /point. The real part of these potentials is presented in

Table 1; their imaginary part, of short range, absorbs the flux

that tunnels under the barrier. The effect of these potentials in

the elastic scattering and in the fusion data might be seen from

the values of appoint of Table 1.

As it can be seen, with energy-Independent potentials it is

not possible to simultaneously adjust the elastic and fusion data.

On the other hand, It has been recently emphasized that the opti-
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cal potential should be strongly energy-dependent near the Coulomb

barrier ; in fact, near the barrier the Imaginary potential

should diminish with energy,

due to the closing of the

reaction channels; the disper-

sion relations make in turn

change the real part of the

potential.

The Fig.1 shows an analy-

sis performed starting from

the potential RP2, adding a

surface imaginary potential

and letting the depth of both,

real and Imaginary, change as

a function of energy. The so-

lid lines are calculations

performed with the schematic

form of the dispersion

relations.
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Table 1. Values of % /point.

Potential

RP1

RP2

RP3

CP2

Angular distributions

72.3 MeV

0.919

7.960

4.368

0.826

69.2 MeV

2.343

21.13

17.91

1.033

Fusion

3.1 10*

8.57

7.40

4.41

Potent ia l s RPJ. : V = 193 MeV, r = 1 . 3 3 fm, a = 0.287 fmo
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RP2 : V = 224.2 MeV, r = 1.172 fm, a = 0.5 fm

RP3 : V = 102 MeV, r =1.27 fm, a = 0.412 fm
o

CP2 : See text.

D. Abrióla et al., Proceedings of the International Nuclear

Physics Conference, Vol.1, Harrogate (1986).
(2) D.Di Gregorio et al., Phys.Lett. B176 (1986) 322.

C.Mahaux et al., Nucl.Phys. A449 (1986) 354.

11.b.9 Transfer reactions In the le0 + 1S4Sm system.

F.A.Becka, Ph.Benet0, D.E.DI Gregorio, D.Disdler*.

G.Duchene*, J.Fernández Niello, B.Haas*, V.Rauch",

J P. Vivien"

1E5 154

Studies of transfer reactions In the system 0 + Sm,

which were initiated at the TANDAR laboratory (see contribution to

this Progress Report) have been followed at the CRN laboratory in

Strasbourg (France). The aim of this work has been the identifi-

cation of the different transfer channels by means of the jr-spec-

troscopy and the measurement of the y-multlplicity associated to

the transfer channels.

A self-supporting 1 Sm target (350 fig/cm thickness) was

bombarded with 160 beams delivered by the Tandem MP at the CRN

Strasbourg at laboratory energies of 65 MeV and 72 MeV. The exper-

imental set up consisted of six Ge detectors (placed at ±30°, ±90
o

o,with antlcompton suppressors and ±150 ), two telescopes E-AE

(placed at 110° and 120°), two SI detectors (one of them used as a

monitor) and an array of 74 BaF detectors ("chateau de cristal")

with an efficiency of approximately 7O5Í for the detection of the y

rays. We registered single events or the monitor, "quasi singles"

from the Ge and telescope counters (where the firing of at least

one BaF was required) and coincidences Ge-telescope, Sl-Ge-

telescope, Ge-chateau and telescope-chateau.

A preliminary analysis for the measurement taken at

E =65 MeV shows that there Is practically no neutron transfer.
lab

In the case of one charged particle transfer only the lp channel

was Identified and for the two charged particles transfer the
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channels ?.p fxnd lot were identified. The transfer of la was weaker

by about a factor of S than the corresponding to 2p. At

K = 'V?. MeV the presence of the 2n transfer1 channel was
lob v

observed. For one charged particle transfer only the Ip channel

was identified and for the 2p channel particles the relative

importance of the a channel increases with respect to the 2p

<:h;.inn<; I .

Moreover, the chateau de cristal is a suitable instrument for

the measurement of is multiplicity. From the preliminary analysis

we can infer' that at E = 6B MeV the multiplicity corresponding
lab

to the events with 7. = 8 is <M> ~ 3.3, for Z = 7 is <M> ~ 4.6, for

Z = 6 Is <M> ~ 5. for Z = 5 is <M>~ B.6 and for Z = 4 is <M>~ 5.3.

Tlu; analysis of these measurements, which is; simultaneously done

at Strasbourg and Buenos Aires, Is still in progress.

CRN, Strasbourg, Fiance.

I¡.b.10 Scattering, fusion and transfer reactions in

0 + Sm at energies close to the Coulomb barrier.

J.A.Kittl, J.E.Testoni, A.0.Macchiavel1 i, A.J.

Pacheco, D. Abrióla, D.E.Di Gregorio, A.Etchegoyen,

M.C.Etchegoyen, J.O.Fernández Niello, A.M.J.Ferrero

and S.Gi1

Scattering differential cross sections of 0 on the almost

spherical Sm at energies close to ths; Coulomb barrier have

b<;en recently measured in the Tandar Laboratory . They provide a

bare potential which is used In a global analysis of scattering,

fusion and transfer experimental data (around fifty angular dis-

tributions and excitation functions) covering a wide range of tar-

get deformations, bombarding energies and scattering angles for

the different reactions.

The analysis is done within the framework of an extension of

a method based on the intrinsic-coordinate-dependent phase shifts

and the equivalent-spheres formalisms which has been previously
(2)

reported . Both formalisms use the sudden approximation.

The potential

87



V = -140 MeV

r': = 1. 2'3 f m
ft

W = -0.07 MeV

r = 1. 32 f m
ov

a = 0. 30 fin

r = 0.95 I'm (incoming boundary condition
o

describing fusion)

v = 1.48 fm
UH

a = a + 0.029 fm/MeV (E - 6b MeV)
W O W Í-

with a = 0 . 4 fm for 144>148Sm and a = 0. S fm fo r
150,154

Sm

where R = r (A + A )
op T

allows; us to obtain consis tent f i t s for a l l the analyzed exper i -

menta] data, a s ignif icant exception being the case of the exc i t a -

t ion function for 144Sm.
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Fig. 1 shows, as examples, excitation functions for fusion l.i

the different Sm isotopes and scattering excitation functions for
144Sm. Solide lines correspond to the global analysis. Dashed

lines correspond to a wider barrier which give?; a good fit for the
144Sm fusion excitation function but underestimates the corres-



ponding data. The dotted line corresponds to an intermediate

potent ial .

The described method allows also the calculation of spin dis-

tributions as well as probability of transfer P, vs closest

approach distance D. This kind of analysis permits to obtain a

rough determination of the region where transfer takes place

through the fitting of specific absorptive potentials, W, as is

shown in Fig.2 for the case of *Sm.
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Nucl.Phys. A471 (1987) 587.
l> D. Abrióla, D. E. Di Gregorio, A. Etchegoyen, M. C. Etchegoyen, J.O.

Fernandez Niello, A.M.J. Ferrero, S.Gil, A.0.Macchlavelli, A.J.

Pacheco y J.E.Testoni, Proc.Int.Nucl.Phys.Conf., Harrogate

1986, p.241 and to be published.
( 2 )

J.A K i t t l , J .E.Testoni, Nucl.Phys.A435 (1986) 162.
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II.b.11 180 -correlated equal-energy photons from

5.9-MeV/nucleon U + Th collisions.

K. Danzmann*. W. E. Meyerhof", E.C.Montenegro", Xiang-

Yuan Xu", E. Dillard*. H. P. Hülskotter*, F. S. Stephen1*,

R. M. Diamond15, M. A. Deleplanqueb, A. 0. Macchiavelli, J.

Schweppe" R. J. McDonald", B. S. Rude" and J.D. Molitorls°

We have found a narrow line (intrinsic width s 2.5 keV) at

1062+1 keV in the summed-energy 180°-c. m.-correlated two-photon

spectrum from 5.95-MeV/nucleon U+Th collisions. Including possible

systematic uncertainties, the production cross section is found to

be 50+25 >ib, averaged over the 1-mg/cm2 Th target thickness. This

line may belong to the decay of a neutral system which also

produces correlated electron-positron pairs found by others in the

same reaction.

'*' Phys.Rev.Lett. §9 (1987) 1885.
a Department of Physics, Stanford University, USA.

Lawrence Berkeley Laboratory, USA.

Lawrence Livermore Laboratory, USA.

ll.b.12 Search for entrance-channel effects In the production
i

of superdeformed nuclei.

A.O. Macchiavelli, M. A. Deleplanque", R. M. Diamond8,

R.J.Mc Donald", F.S.Stephen" and J.E.Draperb

In order to test whether entrance-channel effects influence

the production of superdeformed nuclei, the yields of the discrete
152

superdeformed band in Dy are compared for three projectile-

target combinations. No evidence for entrance-channel effects Is

found. Rather, the population of this band seems to be determined

by the excitation energy and maximum angular momentum brought in

by each reaction.

< M Phys.Rev. C 3B (1987), in press.

Lawrence Berkeley Laboratory, USA.
l> University of California, Davis, USA.
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b University of California, Davis, USA.

II.b.13 Evaporation residues cross sections for SI + 154Sm

at sub-barrier energies.

S. Gil, D. E. DI Gregorio, M. Elgue, D. Abrióla, M. di

Tada, A. Etchegoyen, M. C. Etchegoyen, J.O. Fernandez

Niello, A.M. J. Ferrero, A.O. Macchiavel1 i, A.J.

Pacheco, J.E. Testoni, P. R. Sllvelra Gomes' and V.

Vanlnb

Measurements of cross sections for production of evaporation

residues of Si on Sm have been performed at bombarding ener-

gies ranging from 107.5 to 145 MeV. Evaporation residues trapped

In an aluminium catcher foil were observed off-line by means of

delayed X-rays emitted by radlactlve 0s nuclei and their

daughters.

The experiments were carried out using beams of Si provided

by the 20 UD tandem accelerator at the TANDAR Laboratory in Buenos

Aires. Absolute cross sections varying in magnitude from 1 to 590

mb were determined with an uncertainty of ±1054. The cross sections

for the individual xn and alpha-xn channels were also obtained.

Analysis of average gamma ray multiplicities measurements for Si

+ Sm at near-barrier bombarding energies are in progress.

The Influence of the centrifugal barrier penetrability in

determining the spin distribution of the compound nucleus will be

discussed by comparing the present results with those measured for
154^ 12_ 154,, . 16-, 1S4_ (1)

the systems a + Sm, C + Sm and 0 + Sm

a Universidade Federal Fluminense, Nlteról, Brazil.
b Universidade de Sao Paulo, Brazil.
(1) S.Gil et al., Phys.Rev.C 31 (1985) 1752.
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II.e. Intermediate Energies

II.o.l Corrected impulse approximation in a relativistic

direct Interaction model.

A.O.Gattone and F.J.Calvez*

We develop a quantum-mechanical model of relativistic dyna-

mics based on a hamiltonian Implementation of relativistic

1nvar i anee.

Vie apply this model to the description of the electromagnetic

scattering of electrons off of nuclear targets. The main thrust of

this work is to emphasize consistency. To achieve this it Is indis

pensable that both the hadronlc current operator and the nuclear

state vectors transform properly with the same unitary transforma-

tion under the Polncaré group. A second requirement to be imposed

Is the conservation of the hadronic vector current. Polyzou has

shown that in the presence of Interactions the impulse approxima-

tion is Inconsistent with these constraints. However, this set of

constraints, that actually can be reduced to a set of operator

equations on the charge density, can be solved, starting from a

well motivated choice for the charge density, in the mean field

approximation. To achieve this, we must resort to a v/c expansion.

This is Implemented via a unitary transformation that is applied

consistently to the Poincaré generators, the hadronlc current oper

ator and the nuclear state vectors. The potentials are chosen to

transform as a Lorentz scalar and a vector, following the preced-
(2)

ent of quantum hadrodynamics . We obtain thus an effective

hadronlc current that is interaction dependent (within the mean

field approximation), sum of one body operators, and is conserved.

The potentials are assumed to follow the nuclear density. The

parameters are adjusted so that (in the case of protons) they re-
POR 1 fi

produce 1) the known rms radius of the nuclei studied ( Pb, 0

and '(.'), II) the known experimental binding energies, and iii)

are consistent with electron elastic-scattering data. The neutron

parameters were chosen similar to the proton ones for the light

nuclei. For lead however, they were constrained to reproduce the
2 1/2 2 1/2

difference <r > - <r > given by a spherical Hartree-Fock cal
n p

culatlon using the force of ref.(3). Both are listed in Table I.

The last line on the table shows the strengths obtained from the
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relativistlc G-matrix calculation of ref.(4). It's worth noticing

that in the average they are very close to the values we obtained.

As a case study we applied the formalism to obtain transverse

magnetic form factors since for magnetic states the nuclear struc-

ture is simpler. The transverse magnetic operator exciting a state

oi' total angular momentum I is

with the definitions
H

M J = [Y x V ] J

M

M

L
, J nj - J' + 1 r* *,J

\., = J 2 LY J ( J. x «r]

F(r) = 2m tern + VJr) - U (r)]"\
o

If no interactions are present, F(r)=l and F'(r)=0, we obtain

the usual non-relativistic impulse approximation terms in Eq.(l).

The first is the convection current and the third and fourth are

the Dirac and anomalous magnetic moment, respectively. The second

term is of pure relatlvlstic origin and we call it medium induced

current (MIC). To this order of approximation this latter term and

the functions F(r) multiplying the first and third terms in (1),

are the responsible ones for the effects of relativistlc origin.

Some of the states we studied are shown in the figures. For
208

Pb the contribution from the first and third term are typically

an order of magnitude larger that the MIC. In 0 the isovector

character of the state and the fact that the anomalous magnetic

moment is unchanged makes the relativistlc and non-relativistic
+ 12

results very similar. The same applies to the Isovector 1 in C.

For the lsobcalar, however, the changes are more dramatic as shown

in the figure. Calculations for the transverse electric and longi-



tudlnal form factors have also been carried out. The study of the

quasielastic peak is In progress.
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Table I: Parameters of the potentials used in the calculation of

the single-particle wave functions.

C proton
neutron

0 proton
neutron

2oa.,. .
Pb proton

neutron

G-matrix

UQ(MeV)

254.6
251.6

285.4
276.6

296.3
260.2

282.5

Vs(MeV)

-328.6
-322.5

-352.3
-341.5

-398.1
-319.2

-362.1

R(fm)

2.90
2.90

3.20
3.20

7.20
6.96

a(fm)

0.57
0.57

0.53
0.53

0.59
0.64

(1)

(2)

13)

(4)

W.N.Polyzou, Phys.Rev. D 32 (1985) 2216.

B.D.Serot and J.D.Walecka, in: The Relativistic Nuclear

Many-Body Problem, eds. J.W.Negele and E.Vogt (Plenum Press),

Adv. in Nucl.Phys. 16 (1985).

J.W.Negele and D.Vautherln, Phys.Rev.C 5 (1972) 1472; ibid.C

Ü (1975) 1031.

K. Nakayama, S.Drozdz, S.Krewald and J.Speth, preprint MSUCL-

571/86.
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II.c.2 Sturm-WeInberg states as a basis of the nuclear

continuum.

A.O.Gattone, S. Krewald" and R. de Haro Jr.b

It Is currently recognized the need of a more realistic treat,

merit of nuclear structure problems at high excitation energies,

i.e. Involving particles in the continuum . By more "realistic"

we imply the use of finite range forces since for zero-range inter

actions this problem has already been addressed to. In ref.(l) a

method was introduced whereby the integration of the RPA (or TDA)

equations over the single particle continuum Is avoided by

defining correlated single particle wave functions in the presence

of a hole h
J,E

and

U t

dc

R (c
m m

m e -
m

R (e ;
n •

• e -
m

;r B-c ,c

c - E

J , E

r)Cc ,c'

c + E

( co : r )

0J'E(c , r ) i p [ dc p , (lb)

where R (e ;r) denotes the uncorrelated single particle radial
m n

wave function obtained e.g. from a Hartree-Fock or Wood-Saxon po-

tential. The coefficients BJ>E , and CJ>E , are the correlation an
c ,c c ,c —
o o

plltudes describing an excited state of spin J and energy E ex-

cited via a p - h creation (respectively, destruction) in channel

c' and which decays through the channel c . For simplicity we

neglect bound states, then the continuum wave functions in RPA is

given by

|í(j",E;(c )) > = £ fdc" XA A,(J7I,E;e')[a\(e1),bh;]
J

c'(cont) 0' P

- YA >Al(J
n
tE;c')[bh>,apt(c')]

JiO> (2)

and we use

Y A >A l(J tE;c)[b h >,a p t

BA A.CJ^.EJE')

XA A,S AA A,Sic'- e - E) + P — ^ = (3a)
c ,c c ,c h> c - e - E
0 0 h

CA A.fJ^.Eic1)

h .é-* p C°é--c * E (3b)

0 hr

with the ansatz AA A,= 6A A,.
c ,c c ,c
o ;.
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We show In this work that the usual integral equations deter-

mining the coefficients B .and C are equivalent to a set
c ,c c ,c
o o

of coupled differential equations for the correlated if (c ) and
C 0

0 (c ) functions. These equations are Schrodlnger-llke and contain

external and non-local potentials. The advantage of this transfor-

mation Is that now we can expand the functions <p Cc ) and <p (c )
c o c o

in a basis of states that are solutions of the homogeneous parts

of these equations with the addition of a local potential whose

depth Is left as eigenvalue and that is required to have the same

range as the non-local piece of the original equation. The bounda-

ry condition is conveniently fixed to be that of outgoing scat-

tered waves. This last point offers numerical advantages since the

continuum wave function of eq.(2) has now automatically the cor-

rect boundary conditions whereas with r>ther methods (e.g. Fourier-

Bessel) the correct asymptotic behaviour can only be obtained by a

linear combination of the asymptotic states weighed with coeffi-

cients proportional to the inverse of the matrix of elements
B- -.In our case the S-matrix elements now read
c ,c

where J runs over the number of Weinberg-Sturm (W-S) states needed

(usually M<10), c * are the coefficients of the expansion in this

basis and the 0 -coefficients are obtained from the normalization

condition of the W-S states and are Independent of the interac-

tion. The coefficients c * are calculated by solving a set of

coupled matrix equations whose dimensions are given by the number

of p-h excitations times the dimension of the W-S basis (M).

In Fig. 1 we show the real part of a few W-S wave functions

for a neutron of 15 MeV in CM in the presence of an external poten

tial of Wood-Saxon shape and depth 50 MeV. We have also developed

a basis for expanding bound states in terms of W-S functions. This

is necessary because In the RPA case the correlated backward-going

amplitudes are solutions of a similar Schrbdinger equation, but

with negative energy. Fig.2 shows the first four terms of the

basis, for a neutron in the deuteron (B.E. 2.29 MeV).

" IKP der KFA Jlllich, West Germany.

Universidade Federal do Rio de Janeiro, Brazil.
(1) S.Krewald and G.Co, KFA JUlich-IKP, Annual Report 198S, p. 70.
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11.c.3 Meson-meson interactions In a quark model.

A.0.Gattone, M.Chlapparlnl and W-Y.P.Hwanga

One of the major developments in intermediate energy nuclear

physics during the past few years has been the attempt to under-

stand hadron-hadron interactions In terms of quarks. The

description of the N-N interaction for example, using quark dyna-

mics has been undertaken by a number of authors with relative suc-

cess . In this work we examine meson-meson interactions in terms

of these elementary constituents. The way we approach the problem

Is the following. We postulate an intermediate 2-quarks 2-anti-

quarks (Q2,^2) state for the scattering of two mesons. This state

will contain all the new features that we anticipate from quark

physics, namely quark exchange (QE), Paul! blocking between quarks

and hidden color states. Two clusters, each a color singlet, will

then emerge with the quantum numbers of the Q Q state and behave

asymptotically as two free mesons. In this way and making use of

the resonating group method (RGM) we determine a potential that

describes the way the mesons interact in the overlapping region.
2 2

The study of the spectroscopy of Q Q states has been carried

out in both potential and bag models . One of the salient fea

tures that emerge from these studies is the fact that they obey

the Okubo-Zweig-Ilzuka (021) rule to a large extent. If we inter-

pret the rule as a limit where the quark-gluon coupling is set to
2—2

2ero the QQ system would have zero width and Q Q would decay with

finite width. In the physical world, however, mesons do have a fi-

nite width and we would therefore expect that any resonance in the
2 2

Q Q system would be too broad to be observed. However, if the

Q Q state is not very far in mass from the decaying two meson

mass and its quantu numbers couple only to a few open channels

then possibly these states could be narrow enough to be observed.

This is the aim of our calculation.
2—2

We start by selecting a set of quantum numbers for the 0 Q

state so that its dissociation into two mesons would be less like-

ly. For this particular set we calculate a potential. The method

employed is general in the sense that It does not depend on the

channel we set out to study. It has been applied before to study

the N-N interaction by Hwang, Macfarlane and Walker(4). It differs

somewhat from previous calculations in the sense that quarks are
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treated as Dlrac particles and mesons are specified by spin-flavor

SU(6) wave functions.

The main motivation for our endeavour comes from recent

data(s) obtained at the Low Energy Antiproton Ring (LEAR) at CERN

In N-N collisions. In fact the search for resonances in the N-N

system has long been a subject of extensive experimental investi-

gation because of its exot'c nature. If they exist they may signal

the presence of baryonlum (meson states that are not classifiable

as flavor octets or singlets). In turn these states, If understood

as Q Q systems, could furnish us with some further information

about the physics of multiquarks hadrons.

A computer code was created to calculate the matrix elements

of the interactions considered, namely one-gluon exchange plus

one-pion exchange, as a function of

1. channel color,

2. spin of the configuration, and

3. radial distance between the clusters.

i

i 1
I ...
.1

]

i

Fig. 1

In the graphs of Fig. 1 we show the strength of the interac-

tion as a function of the radial distance. Each row corresponds to

the same color configuration in the initial and final state and

each column to the same spin configuration. This potential des-

cribes the scattering of a scalar (pseudoscalar) meson off a

vector meson in the P - F channel. We have chosen J (I ) =

2 (2 ), total spin S=l and relative angular momentum L=l. The
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label J on each figure denotes the four possible transitions for a

given projection of the spin according to

j = 1 +i _» +i

J = 2 +1 —> 0

J = 3 +1 —> -1

J = 4 0 —» -1

In Fig.2 the central part of the interaction Is plotted as a

function of the relative distance of the mesons for each one of

the possible color configurations.

2 (2 at T,_ =10 MeV
CM

21
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- 1 00 'r
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(2)

(3)

U)

(B)

Physics Department, Carnegie-Mellon University, Plttsburg, USA.

' See section S.2 in C.W.Wong, Phys.Rep, 136 Í1986) 1, and

references contained therein.

For example, M.Harvey, J.le Torneaux and B.Lorazo, Nucl.Phys.

A424, (1984) 428.

C.de Tar, Phys.Rev.D12 (1978) 147; ibid. D19 (1979); ibid. D24

(1981) 752, 762. R.L.Jaffe, ibid. D15 (1977) 267, 281.

W-Y. P.Hwang, M.H.Macfarlane and G.Walker, Indiana University

preprint. Unpublished.

D.Bridges et al., Phys.Rev.Lett. S6B (1986) 211.
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Il.d. Applied Nuclear Physics

II.d.1 Implantation of Carbon on stainless steel. Prelimi-

nary results.

R. C. Mercader*, F. H. Sánchez", I. Terminiello*, E.

Cabañillasb and A.Fllevlch.

Stainless steel type 304 shows the presence of austenltlc

structure which, under deformation or mechejilcal strength, can be

transformed into a magnetic martens1tic phase. As a part of a

wider research program dealing with austenitic-martensitic trans-

formation mechanisms we investigate in the present work this pro-
12

cess, induced by implantation of C on 304 steel. Backseattering

Mossbauer spectroscopy was used to observe the martensitic trans-

formations, which can be accounted for by elastic-nuclear and

inelastic-electronic collisions
12

In the present experiment implantation of C on 304 steel

was performed to evaluate eventual production of this effect by

light Ions and to determine energy and dose thresholds.

For this purpose we used an irradiation chamber installed in

the beam line at level 48 m in the accelerator tower, using the
12C beam from the Injector. The beam energy was 205 keV. The tar-

get was made of a thin electropolished foil and the beam intensity

was 1.6 ¿lA over a circular area of about 2.5 cm diameter. However,

we found that the beam intensity was not uniform on this area.

Irradiation time was 12 hours.

At 200 keV the sputtering coefficient Is about 3 which could

Indicate that the implanted ions remain in a zone extending be-

tween surface and 2000 A. Although the backseattering Mossbauer

spectroscopy technique is very adequate to analyze surface regions

we did not find conclusive results about the production of mar-

tensitic transformations in the high-dose regions (estimated about

4 x 1018 ions/cm2), being the effect In the limit of sensitivity

of the Mdssbauer technique. This sensitivity could be improved if

uniform-dose implantation on a wider area was obtained.

In the low-dose zone (about 3 x 10 ions/cm ) no martensitic

transformations were observed with the present technique. Further

work is planned using different beam energies and improving the

irradiation dose uniformity.
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Univ. de la Plata, Argentina.
b CAC, CNEA.
(i)

H.Roy Poulsen et al., Hyp. Interact. 28 (1986) 1201.

II.d.2 Use of heavy ions In material analysis.

M.Alurralde , D.Abrióla, E.Garcia , G.Garcia

Bermiidez, A.Filevlch, J.SieJka", M.Aucouturier0.

In this work we have set up a technique to obtain the concen-

tration profile of very light elements, such as hydrogen or deute-

rium, in different materials. With this purpose we used the

Rutherford scattering method which consists in performing elastic

scattering of the light elements contained in the sample induced

by bombarding them with heavier ions (ERDA: Elastic Recoil

Detection Analysis'1').

The heavy ions (in our case 32S at 40 MeV) which penetrate in

the material to be analyzed gradually lose their energy until an

elastic collision is produced with the element of interest, which

is projected out of its site and eventually comes to the surface

with an energy depending on the depth at which the collision took

place. By measuring both the energy and the angle of the incident

ion and energy of the scattered ion, it is possible to determine

O,N,O,AX.e>-t.c.

incident

beam

5O MeV 3

sample

Fig.l: Schematic view of the experimental set-up
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the concentration profile. The maximum depth which can be studied

by this method depends on the elements present In the sample and

is in the range of 1 or 2 um (see Fig. 1).

Different elements can

be scattered out of the

sample by the incident beam,

in particular one of the

most abundant is the ion

constituting the beam. In

order to select any particu-

lar element a detector is re

quired which allows Z-lden-

tificatlon such as a gas

telescope of the type E-AE ,

for Z less than 20' \

In the present work

single crystal (111) SI

samples, implanted at known

depths with hydrogen and deu

terium were studied. Fig. 2

shows preliminary results

(A) deuterium, at 0.6 and

1.0 |iin, (B) hydrogen and deu

terium, both at 0.6 fxm and

(C) hydrogen at 0.6 and 1 fim.

In all samples a strong

peak due to surface hydrogen

was observed as well as a

background, whose origin is

not yet completely understood.

FIG. 2

* Departamento de Materiales, CNEA, Argentina.
b Ecole Normal Supérleure de Paris, France.
c CNRS, France.
(i)

(2)

J. L'Ecuyer et al., Nucí. Instr. Meth. 149 (1978) 271.

D. Abrióla, see this Report, I.e.7.
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II.d.3 Determination of surface hydrogen contents in metals

using nuclear react 1ons.

M. Alurralde", E.Garcia", G.Garcia Bermudez,

M.A.Cardona and A.Fllevlch.

The determination of hydrogen concentration profile near the

surface in metals is of great interest because it is an important

factor in the steel fragility, Influences different types of cor-

rosion processes, modifies the semiconductor properties of amor-

phous silicon used for solar cells and shows many other effects.

Hydrogen is very abundant in nature and thus it is normally

present in the surface of all materials. It is rather difficult to

detect its presence because it is "transparent" to almost all stan

dard methods such as Auger spectroscopy, X-ray analysis, neutron

activation or Rutherford backscatterlng (RBS).

In the last decade new nuclear methods were developed to ana-

lyze the first lunar rocks. These methods, convenient to determine

hydrogen profiles, take advantage of resonant reactions with 9F

beams on H nuclei. Most of this reaction is produced at a very

well defined energy within a narrow range of ±200 keV and results

in a high energy gamma-ray (6.3 MeV) which is easily detected over

the existing background.

The material to be analyzed is bombarded using a beam energy

slightly higher than that of resonance to allow the beam to pen-

etrate some depth into the material. Thus the beam particles lose

energy down to (hat of resonance and then the reaction is pro-

duced. The number of 6.3 MeV gamma-rays is proportional to the hy-

drogen concentration at that particular depth.

Thus it Is possible to determine quantitatively the hydrogen

concentration without interference of the chemical composition of

the host material. The maximum depth is limited by the energy in-

terval between the various reaction resonances. In the case of the

25 MeV resonance of the reaction F + H it should be considered a

second resonance which appears at about 19 MeV.

In Zr the F beam loses about 1.97 MeV/jim which allows this

method to analyze about 2 - 3 (« from the surface. The figure

shows the results obtained in the analysis of clean and hydro-

genated Zr. In both sa.T.oles a high surface hydrogen concentration

is observed, which can oe explained by a relatively high residual
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pressure. In order to perform these experiments the 20 MV tandem

had to be operatea at only 4-5 MV terminal voltage.

Departamento de Materiales, CNEA, Argentina.

II.d.4 Measurements of lead concentrations In atmospheric

aerosols using the PIXE method.

A.Caridl", M.Davidson, J.Davidson, M. Debray,

G.Falcone,, A.Krelner and D.Santos

As a first preliminary experiment atmospheric aerosols(l)

12,.taken from a pigment factory were irradiated with a C beam of 54
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MeV using the heavy ions tandem accelerator (TANDAR).

The results we got with PIXE method were in close agreement

with those obtained by atomic absorption technique.

A program was started to measure the contribution of car

fuels to the lead concentration in air and to compare the absolute

concentration with the limits established by present

regulations

Samples of atmospheric aerosols were takei) during 24 hs.

periods, in different parts of the city (downtown and suburban

areas) at different days of the week and during summer and

winter. The air was filtered using Nuclepore filters with a porous

size of 0.47 /Jjn. The sample holder was made of Al. Seven samples

can be irradiated in the same run. The stainless steel reaction

chamber was covered with 1 mm thick Al foil In the inside.

A Si(Li) detector with a resolution of 174 eV at 5.9 keV(3)

and a Be window of 0.0127 mm was used. The Si(Li) is connected to

the reaction chamber through a 1 mm thick Be window.

The concentration is related to the other parameters by the

following expression :

c n I&t 3.76 (pt) <r 106

N " p

m 4 n P M Q

where:

N = peak area
ro a

pt = unknown concentration [mg/cm J

i&t = integrated charge

Q = charge state of projectile
<r = cross section for X-ray production of the corresponding
P

shell

P = molecular weight
M
c = detector efficiency
£1 = solid angle subtended by the detector.

241

The detector efficiency was measured using an Am

call brat ed so urce.

<r (Pb-L_) was determined irradiating a standard lead sample

of a known concentration. We found a value (158 barn) which is

similar to those obtained by irradiation of Pb with a proton beam.

The spectrum shows a high background due to Bremsstrahlung

for energies less than 6 keV.

Three sources couJd oe contributing to this background :
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- The projectile

- The X-ray Compton scattering from the nuclear excited

states and

- Secondary electrons.

The projectile contribution could be described by:

dl = ~T"E A~ ~ X
X 1 X [ 1 J

where sublndex 1 indicates the projectile. Since for the Nuclepore

matrix Z/A is approximately 1/2 it is possible to minimize this

contribution using beams with a Z /A close to 1/2.

The beam energy was chosen in such a way that the Coulomb

barrier is not reached and therefore the Compton scattering contri_

but Ion is not significant. Bremsstrahlung by secondary electrons

provides the main contribution to the observed low-energy back-

ground. Different beam energies and projectile types were tried

aiming to conditions while the Bremsstrahlung background proved

not to be very sensitive to the ions we tried so far.

The Table shows the irradiation conditions and Pb concentra-

tion of the first five samples.

This was the first time that Pb concentration in air was mea-

sured, partially because of lacking of a sensitive enough tech-

nique. It can be seen that in 3 of 5 samples the Pb concentration

is higher than the maximum allowed by current regulations.

We are planning to do a more extensive survey, taking samples

in several other locations to help the work the Meteorological

Service is doing in this field. We will also continue optimizing

the experimental set-up and the irradiation conditions to refine

this powerful tool of analysis.

IrradlatIon experimental conditions

Beam : 12C

Energy: 54 MeV

Charge : +4

Irradiation time : 10 minutes

Current intensity : 2nA.
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Pb concentration In atmospheric aerosols

Zone

Palomar

V.Martelli

V.Ballester

V. Devoto

Rlvadavia

Pb[jig/m aire]

0.27 ± 0.17

0.96 + 0.40

1. 15 + 0.18

1.46 + 0.6

3.50 + 0.8

The samples were provided by the Ministry of Public Health.

The factory was closed as a consequence of the high Pb

concentration.
< 2) 3

Less than 1 jig/m of air.

As stated by the manufacturer.

Johansson S., Johansson Th., Nucl.Instr.Meth. 137 (1976) 473.

Folkman F. , Borgreens J. , Kjeldgard A., Nucl.Instr.Meth. 116

(1974) 117.

Folkman F. , Gaarde C. , Huus T. , Kemp K. , Nucl. Instr. Meth. 116

(1974) 487.

(3)

(4)

(5)
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III. Solid State Physics

III.a. Cr-yistal structure and phase transformations

III.a.1 Phase transitions in MCrO X.
3

M.R.de Benyacar and G.Polla

The synthesis of the MCrO X compounds (M = alcallne and X =

Cl, Br, F) were started in order to study the corresponding phase

transitions.

Part of this work belongs to F. Parlsi's Licenciatura Thesis

(Physics Dept., Univ. of Buenos Aires).

11l.a. 2 Schmiederlte: crystal structure.

R.Baggio, P.Konig and H.Gay

The crystal structure of schmiederite, and through it, its

precise chemical composition, has been determined by single

crystal X-ray diffraction. The crystal data are: P2 /m,

a= 9.927(2) A, b= 5.705(1) X, c= 9.352(2) A, 0= 101.92°, z= 4.

The formula originally proposed for the mineral (by similari-

ty to Its Isotype linarite, CuPb(S0 )(0H) ) was CuPbfSeO )(0H) ,

z= 4. Refinement of X-ray data, however, revealed a formula of

(CuPb) (SeO HSeO )(0H) , z=2, thus giving a clue for a formerly

unexplained a axis doubling.

The structure is, for the rest, very similar to linarite's.

To be published In Am.Min. .

Ill



111.a.3 Dehydration of uranyl oxalate: a crystallographic

study.

P.Konig, C.Aprea, R. Baggio and G.Polla

A crystallographlc study of the dehydration of uranyl oxalate

single crystals has been undertaken. The process takes place in

two stages at approximately T = 90°C (two water molecules) and

T = 120 C (the remaining one).

Single crystals lose these water molecules keeping the shape

and some crystalline character, and this prompted a comprehensive

structural study, both before and after the transformation. The

hydrated phase was solved by the Patterson method from single

crystal X-ray diffraction data, refining down to an R factor of

4.8?{. The crystal quality of the anhydrous samples, however, was

below standards for diffractometric data collection, and so photo-

graphic methods are being used in this case.

It is aimed to be able to compare both structures.

111. a. 4 Crystallographic study of Malotilate.

D.Vega and R.Baggio

A thorough crystallographic study of Malotilate (diisopropil

l-3-dlthiol-2-ylidenemalonate) has been performed. The existence

of two phases (A and B) was confirmed, and single crystals of both

phases could be grown. It was then possible to measure cell

parameters, density, an Indexed powder diagram, and to unambiguous

ly determine symmetry and space group for both phases.

While determining melting points, an irreversible, tempera-

ture-induced phase transition A —» B was observed, with a very

neat transformation front, typical of a first order transition,

which is described.

Single crystal X-Ray diffraction data are being gathered so

as to solve both crystal structures.

*

To be submitted for publication.

Fart of this work belongs to Daniel Vega's Licenciatura Thesis

(I'hyslcs Dept., Univ. oi Buenos Aires).
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HI.a.5 Effect of Irradiat Ion-Induced defects in the lock-in

transition of Rb ZnBr .
2 *

M.A.R. de Benyacar, E.Cattáneo, H.Ceva, H.Lanza, L.

Schmirgeld

We study the changes in the dielectric constant as a function

of temperature in Rb^nBr single crystals after irradiation with

22 MeV V and 108 MeV 3 2S 9 + ions at TANDAR facility (irradiations

were performed at 40K). Similar results were obtained with both

types of ions. We want to emphasize that we have verified that

sulphur Ions were not stopped appreciably within the sample.

Assuming that vacancies and interstitials are the main perma-

nent defects introduced by the particle irradiation, we inter-

preted consistently the results obtained on the changes in the

height of the peak of the dielectric constant and on the absence

of changes in the thermal hysteresis (Fig.1, a and b).
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Fig. 1: Dielectric constant c vs. T for Rb ZnBr irradiated with a
o 4- 2 4

2?. MeV H beam, a) on cooling, b) on heating. Inset in Fig. la

shows thermal hysteresis in

(°) non-irradiated samplf-

(A) irradiation dose 8xir

le non-irradiated sample.
12

) irradiation dose 4x10 particles,

rticles, (•) irradiation dose 3xl0i:
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particles.

The experiments performed showed that the defects introduced

with energetic ions irradiations have a much stronger effect than

substitutional impurities. This is in agreement with theoretical

models which describe both situations by random fields and random

bonda respectively.

We also observed an anomaly in the dielectric constant (which

has not been previously reported) in virgin and irradiated sam-

ples, at the temperature at which the incommensurate wave vector

ceases to be constant.
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III.a ti Effect of Irradiation Induced defects in the lock-l<

transition of Rb ZnCl . Dielectric constant

measurements.

H.A.Í. de Benyacar, G.Carrau, H. Ceva, H.Lanza, L.

Schaárgeid

A si tidy on the dielectric constant changes along the ferroe-

lectric axis as a function of temperature in Rb ZnCl single crys-

tal.;, after irradiation with different doses of 22 MeV ^ and 108

MeV :J2S9+ Ions at TANDAR facility is in progress.

Although this compound is isomorphous with Rb ZnBr , their

incommensurate phases show different behaviour, and in the first

oxj-.'i'iment already performed we have found noticeable differences

between them:

- The anomaly we have reported in the case of the Br compound was

not. found. This fact supports our interpretation that it was re-

lated to the particular behaviour of the Incommensurate wave

vector.

- An anomaly was found for T < T .

In order to clarify this anomaly and for the sake of com-

pleteness, it was decided to study the dielectric constant and the

resistivity not only in the direction of the ferroelectric b axis,

but also along the a and c axes as well as the imaginary part of

the dielectric constant.

111.a.7 Effect of irradiation Induced defects In the lock-In

transition of Rb ZnCl . Resistivity measurements.

M. A. H. de Benyacar, H.Ceva, M.Kacowicz, H.Lanza, L.

Schmirgeld

A system for the measurement of changes in resistivity as a

function ¡jf temperature was set up as well as the corresponding

automatic data acquisition system (it implies the detection of

small changes in resistance ranges larger than 10 ohms).
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111.a.8 Detection of tracks produced by Ion Irradiation in

Rb ZnCl single crystals.

M.A.R.de Benyacar, L.ComoIli.L.Schmlrgeld.C.Siegerist

This study is part or a research project on the influence of

defects in the phase transitions of insulating compounds which

present incommensurate phases. For the interpretation of the re-

sults obtained by different techniques It is fundamental to dis-

tinguish between those cases in which only nearly uniform distri-

butions of point defects are produced and those in which extended

defects (tracks) are present. At the present stage of the project,

only those irradiations which do not provoke an appreciable amount

of extended delects will be considered.

The aim of this Job was to determine the threshold of detec-

tion of tracks produced in Rb ZnCl single crystals irradiated

with different ions and different doses at the TANDAR facility.

Samples irradiated with 22 MeV 2H+ and 108 MeV 3 2S 9 + ions

with doses between 10 and 10 ' Incident particles were studied.

Virgin and irradiated samples were chemically etched and

their surfaces were studied by optical microscopy, scanning and

transmission electron microscopy. No relationship between the

density of etch pits with the irradiation dose or with the size of

the incident ion was found. We conclude that the size of the de-

fects induced is surely less than the minimum size detected by

traditional methods.

111.a.9 High temperature superconductors. Effect of irradia-

tion with heavy Ions.

M. A. R. de Benyacar, V. Bekerls", G.Carrau, H. Ceva,

L.Clvaleb, H.Lanza, L.Schmirgeld

Taking into account the well-known influence that the diffe-

rent concentrations of oxygen ions have in the superconductor pro-

perties of LASCO, a research on the Influence of defects origi-

nated after the irradiation of samples with energetic oxygen ions

at the TANDAR facility was started.

Irradiations were performed with 88 MeV 16O6+ ions , which
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were stopped within the samples.

Resistivity and magnetic flux expulsion were measured Imme-

diately after the Irradiations and after an annealing performed to

allow the possible interstitial 0 atoms to migrate to lattice

sites Initially vacant.

LASCO samples provided by the Ceramic Group of Centro Ató-

mico Bar!loche were Irradiated with

a) a dose of 4x10 /cm impinging ions
1A 2

b) a dose of 2x10 /cm Impinging ions.

Irradiated samples were studied by X-rays. It was found that

even the sample a (which shows no superconducting properties im-

mediately after irradiation) shows no appreciable amorphlzation.

First results show that in order to Interpret them It Is ne-

cessary to perform some complementary experiments to clearly iso-

late the effects of irradiation, annealing and ageing.

Univ. de Buenos Aires, Argentina.

Centro Atómico Bariloche, Argentina.

111.a.10 Investigations In high T superconductors.

M.R.Benyacar, R.Baggio and G.Polla

As part of the high-temperature superconductors program,

trials to substitute 0 for Cl In the La Cu 0 system were done.

The synthesis was made with (AcO) Cu, (AcO) La and LaCl so-

lutions (Ac • acetate) so as to obtain a better homogeneity in the

final product relative to the solid state reaction synthesis.

X-ray diffraction diagrams showed the Cl atom appearing as

LaOCl.

It was also tried to obtain LaCuOCl through sintering of CuO

and LaOCl at about 900°C. It resulted In specimens of high resis-

tivity at room temperature (about 30 kQ cm) with an Insulating

behaviour In its R vs T diagram down to 70°K.

In collaboration with the Low Temperature Laboratory (CAB) a

series of compounds La Sr CuO (0 s x s 0.35) were analyzed by

X-ray diffraction and TGA.

An anomalous phase appearing at x a 0.2 was identified.
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III.b. Mb'ssbauer Spectroscopy

Ill.b.1 Mossbauer spectroscopy Measurements of YBaCu 0 _

doped with Fe.

C.Saragovl-Badler and F.Labenskl de Kanter

Samples of YBa (Cu Fe ) O were measured by Mossbauer

spectroscopy for x values of 0.3, 0.7 and 7% Fe at room tempe-

rature and liquid nitrogen temperature. As the material used Is

the same as In (1), the Iron present Is not enriched with the

Mossbauer isotope Fe. It was necessary to make a compromise

between an optimum signal-noise ratio and the duration of each

run. The average number of counts per channel is about 5x10 .

Experimental spectra at room temperature are least-square fitted,

supposing Lorentzlan shapes and constraining the corresponding

peaks of the doublets.

The Fe low concentration sample presents only a doublet, D .

The experimental spectrum at medium concentration is fitted with 2

doublets: one of them (D ) is analogous to the former one and the

other is called D . The high concentration sample spectrum pre-

sents 3 doublets D , D , D : the first two of them are analogous

to the above mentioned doublets, and a sextet is superposed to

these signals. This sextet could Indicate a Fe impurity presence

or some band of magnetic interaction (H is 150 Koe). The doublets

Mossbauer parameters are listed in Table 1. IS values are

referred to oe-Fe at room temperature. More research at different

concentrations is in progress.

Table 1:

QS

IS

(tnm/s)

(mm/s)

0.

0.

Da

55(6)
03(3)

1

-0

D
2

.10(6)

.09(6)

1

-0

D 3

.91(6)

.07(2)

ll) M. T.Cansón, S.M.Dutrus, C.Fainsteln, G.Nievo, H.R.Selva, R.

Sánchez, L.B.Steren, M.Tovar y R.Zysler. "Special Adriatic

Fiesearch Conference on High T Superconductors", Trieste,
c

Italy, July 1987.
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III.b.2 Preliminary study of Laves phases of Zr-Fe by

Mossbauer spectroscopy.

C.Saragovi-Badler, F.Labenskl de Kanter, M.Granovsky3

and D.Arias*

The Zr(FeCr) phase diagram was studied by (1). The aim of

the present work is to investigate the mentioned diagram again,

starting with materials which present a higher purity degree (Zr

99.99°/., Fe 99.999"/.) under controlled thermic treatments in order

to avoid 0 and Si contamination.

At the first, stage of this project, Zr(Fe Cr ) with x = 0,
l-x x 2

0.09, 0.2 and 0.5 were analyzed by Mossbauer spectroscopy. Samples

with x=0.2 and x=0.5 coincide with the C14 structure, while sam-

ples with x=0 and x=0.09 show a C15 structure though a small per-

centage of hexagonal structure cannot be discarded.

These pseudoblnary Laves phases present at 1450°C a cubic

structure CIS for x=0 to x=0. 14, an hexagonal structure C14 for

x=0.21 to x=0.92 and a field of two phases between x=0.14 and

x=0.21. For x between 0.92 and 0.94 and x=0.94 and 1, the C15

structure is also present

Our results suggest that the phase borders corresponding to

x=0.14 would correspond to a value x=0.10 and that the border at

x=0.21 would be shifted towards x=0.2. At 1450°C the borders would

be displaced towards the Fe-rlch region. For this diagram the va-

lues x=0 and x=0.5 correspond to the expected ones.

* Departamento de Materiales, CNEA, Argentina.
(1> Svechnlkov et al., Metallofiz. 42 (1972) 1112.

III.b.3 Mossbauer study of blot i tes from the tuff of

FORMACIÓN YACIMIENTO LOS REYUNOS.

F.Labenski de Kanter, C.Saragovi-Badler and

L. Kielman*

Biotites proceeding from llthologlcal units from tuffs of

the Miembro Toba Vieja Gorda, Formación Yacimiento "Los Reyunos",

San Rafael, Mendoza, Argentina, present different colours under

the optical microscope: light brown, green, bleached light brown
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and bleached green as well as Fe opaque mineral Inclusions. The

aim of this research project is to find out if biotites from each

lithological unit are similar and if they could be distinguished:

i) when they come from different units or, U) within the same

unit, the ones close to a fault or an alteration area. Natural

biotites have a high Fe content. This fact malees them suitable

for Mossbauer spectroscopy analysis. For the first part of this

study 4 samples from different lithological units were selected,

including 2 samples from the same unit, one coming from a fault

zone, and the other 5 m away from it.

The Mossbauer parameters show that in most of the samples

analyzed a considerable oxidation process took place at the bio-

tite octahedral sites. In some cases, besides the biotite signal,

hematite was identified.

Correlations between the microscope and MBssbauer results

were established in spite of the few samples studied.

Gerencia de Exploración, CNEA, Argentina.

111. b. 4 Mossbauer study of volcanic glasses from sediments of

the Pampa Region. Part I.

C. Saragovl-Badler and F. Labenski de Kanter

Mossbauer spectroscopy has been applied to the study of vol-

canic glasses and closely associated clay minerals coming from

contaminated loess of the Pampa region, Córdoba, Argentina. The

ground waters of extended areas of the Pampa region, exhibit a

strong contamination with As and other trace elements, assuming

that the loess contained in them would be the main ground-water

contamination source. This loess is characterized by a high pro-

portion of volcanic origin components, mainly volcanic glasses

containing As and clay minerals stuck to them.

This close association to the glasses Is not yet well under-

stood. To start with this research project, volcanic glasses and

clay minerals separated from them coming from drilled wells and

from a volcanic eruption (Quizapú, 1932) were analyzed.

The Mossbauer parameters of volcanic glasses show the pre-
2"*"

sence of a high content of Fe in octahedral coordination and
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some Fe' in tetrihedral and octahedral coordination. No reroar-

kable differences have been found between the samples separated

from the loess anc the one from the volcanic eruption suggest ing

t.hat secondary processes had no significant influence on the loess

glas;;. However, the pH values of the ground waters in t hn area

indicate I. hat solubl 1 lzat ion processes might have occurred and

might lead to the leaching of the contaminant trace elements found

in the waters at present. The Mossbauer parameters of clay minera]

samples closely associated to vitreous shards indicate thai poor

crystal 1 Inn neoformation lili te is present together with fine

glass powd<T.

I I I.b. ii Application of Mossbauer spectroscopy to the study of

hemogloblnopathies. Part I.

M.S.Abreu", M. K. Sanchis". J. A. Peña I ver" and Kl.de

Kant.er

Fe Mossbauor i>peotroscopy has been applied to the stnd.v "f

iron deposits in patients with altered iron metabolism. Hematolo•

glcal parameters were also studied in order to analyze their rela-

tionship with Mossbauer results. Within the aim of this research,

IX sampler; of packed red blood colls were analy/rd: (> with bet h;\

I tttilnnytm\ii, 1 wl Lh «¡ickJp f.T'ÍJ anemia and '.I from normal sub.Jfi I s

used as control for Mossbauer- spectroscopy.

Mossbauer spectra of fi red blood cells sample:; show thai. U;-

sldes the two <:omponents, oxy and deoxy hemoglobin present In sam-

ples of normal subjects, a third component with Mossbauer parame-

ters corresponding to ferrltin-1ike iron/Hb iron, was also

observed.

New cases of non-transfused or with long free transfusion

period patients will be included in further studies. It can be

concluded that Mossbauer spectroscopy could be a useful technique

in the study of this kind of pathology.

Unidad de Hematología del Hospital de Niños "Ricardo Gutiérrez"

and CONICET, Buenos Aires, Argentina.
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lll.b.6 Mossbauer spectroscopy contribution in Uie modleaI

r (ssearc h fie Id. Study of hemoglobinopathies._

.J. Mlodownick and F. I.abenskl de Kanter

In the pr-esent work Mossbauesr spectroscopy Is used in the

medical research field: a comparative study between normal and pa-

thological hemoglobins is performed, characterizing the different

Ion compounds present in these nemoproteins.

For this purpose erythroeytes (red blood cells) from normal

subjects and from a patient with a congenital pathology, the

S-Beta thalassemla, are studied.

The Mossbauer spectrum of pathological erythrocytes- Is iliffe-

rent from thos" obtained with normal red blood cells samples. This

difference is due to the fact, that this spectrum shows in addition

to the oxyhemoglobln and deoxyhemoglobln components present in the

normal sample, a third component, ferritin-like, whose Mossbauer

parameters correspond to those of Iron In ferritin.

The methodology of this study as well as the quantitative de-

termination of the ferritin-1Ike Iron relative concentration is

described.

Licenciatura Thesis, Universidad de Buenos Aires, 1986.



III.o. Theoretical solid state physics

111.c.l Wave functions of one-dimensional incommensurate

Hamlltonlans; the fractal dimension and its

relationship with localisation.

A.Saúl, A.M.Llols and M.Welssmann

We study the wavefunctions of the two incommensurate tight-

blnding HamI I tontans we introduced In previous papers, namely

those with the zig-zag and saw-tooth modulations. Using different

methods to characterize the wavefunctlons we conclude that. 1 he

zig-zag Kami 1tonlan presents only two symmetric mobility edges, so

that In the centra* extended region even those functions at 1 he

mini band edges are extended. This is not so for the saw-tooth

model, lr. which we find states that are clearly exponentially

local ised and others that, decay with a power law and are quite

different from those of a periodic system.

We use the concept of fractal dimensionality to study

localisation as we find a correlation between the inverse partici-

pation ratio and t.ie fractal dimension. However1, this does rml

Imply that tlght-blr.ding wavefunctions are simple fractals.

J.PhysIcs C (In press).

'I I.e.2 Study o/ the Interface Zr-Co by molecular dynamics

M. (íarcía and M. Welssmann

In this work we study the interface between two fee

structures using molecular dynamics with I.onnard-Jones (8-4)

potentials. Some experiments Indicated the possibility of nn

amorphous phase rich in Co in the inter-fane after1 thermal

treal.merit.. Other1 authors however argued that such a phase could

not. grow and would act as a barrier for diffusion.

For- the calculations we used 48 Zr atoms and Í2 Co atoms and

periodic boundary oondlt ions along the Interface but open

(inundarles perpendicular to It.. After equilibrating the system we

simulated a thermal annealing at <* 400°IC and found that the ¿r
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structure did not change but. the Co atoms adapted to the foe

parame tors of 7.v close to U>« interface. We did not see any sign

of amorphization or diffusion. When we interchanged atoms the

system became unstable.

I]I.e.3 Structure of adsorbed layers obtained by SEXAKS as

compared to EHT calculations.

M.Weissmann and A.M.Llois

Surface extended X-ray adsorption fine structure ISEXAKS) is

ii technique considered very powerful to obtain local structures in

surfaces. It has been usea for Cu adsorbed in situ from solution

onto an electrodo of Au( 111 ). From these results a model for

adsorption has been suggested in which the role of the oxygen from

the water molecules is assamed to be very important .

In this work we study the sensibility of the formulae used in

I. ho previous analysis and perform some extended Huekrl (KMT)

calculations for better- uncerstanding of the results.

Y.HIum <>l. al., .I.Chem. I'hya. §K (1986) 673?;

I I I.e. 4 Theoretical e:._tlmaUc>n of the electric field gradient

in amorphous alloys.

A.Levy Yoyati, M.Weissmann and A.López García

In order to explain recent experimental data, electric field

gradient (!•>'('.) calculations are performed for amorphous ¿\-^ Cu

and its (-loser' crystalline compound c-7.r Cu. To be able to

calculate the KFG of non-b.xlally symmetric systems, we set up a

schoni'1 of approximations within an LCAO description of d

electrons. The model used for the atomic structure of the

amorphous alloy if; a dl"-.:.rlbut ion of hard spheres relaxed by

mo I ecu I HI- dynamics, constructed In a previous work. The

information on electron distributions required for the EFG
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calculation is obtained by direct diagonal ization of a

parametrized tight-binding hamllIonian of the cluster, with

periodic boundary conditions. We found that, for the EFG at the Zr

sites, local and lattice contributions are of the same order. An

excellent agreement with experimental results is obtained, that

supports both the structural model for the amorphous phase and the

proposed set of approximations used in present calculations.

Ill.c.b Electronic properties of Cu O groups.
n B

M.Weissmann, A.Saúl and A.M.Llois

Motivated by the recent discovery of high transition

temperature superconductors we have started to study the

electronic properties of groups of Cu and 0 such as those that

appear in both YBa Cu 0 (T ~ 90K) and La Ba Cu O (T ~ 40K).
2 3 7 c 2-x x 4 c

We have used the semiemplrical Hückel method with charge

selfconsistency and calculated charge transfers, type of orbitals

at the Fermi level, and Influence of replacing 0 by F.

11 I.e.6 Effective medium calculations for an amorphous

metallic alloy.

A.Levy Yeyati and M.Weissmann

The reliability of effective medium theories for the

description of the electronic structure of amorphous metallic

alloys is tested for the particular example of amorphous Zr Cu ,

modelled by a . tight-binding Haroiltonlan. Two different

approximations are investigated: the Ishlda-Yonezawa theory which

renormal izes locators only and a simplified version of Roth's

effective medium interactors. The calculated electronic densities

of states are compared with previous results obtained by the

recursion method based on a computer simulated cluster. The use of

different model partial radial distribution functions as input for
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the effective medium calculations is Investigated. Although the

results obtained by the recursion method for the density of states

are roughly reproduced, the different approximations yield

qualitatively dissimilar results.

III.c.7 A program for calculating modulated lattice sums.

V.Massidda

A FORTRAN program was written for calculating the electric

field of a lattice of dipoles whose moments are spatially

modulated as a plane wave.

The program uses formulae obtained by the "planewise

summation" method .

1 F.W.De Wette and G.E.Schacher, Phys.Rev. 137 (1965) A78

III.c.8 Electrostatic energy of modulated dipole lattices.

V.Massidda

A general expression is derived for the electrostatic energy

of a structure consisting of several modulated lattices of

dipoles. The case of the sinusoidal phase of NaNO is discussed,

and it Is found that the ferroelectric configuration has an

electrostatic energy lower than the modulated one (contrarlly to

the conclusion of earlier authors).

Physlca 14SB (1987) 124
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III.c.9 Conflguratlons of least electrostatic energy in

r>r¡ .v-rhomblc lattices of dlpoles.

V. Massirida and C.R. Mirasso

The configurations of least electrostatic energy have been

determined for simple, body-centred and face-centred orthorhombic

lattices of reorientable dlpoles, for arbitrary values of the

lattice constants a,b,c.

The most stable configuration was found to be the following,

depending on a,b and c (it was assumed a s b s c).

In simple lattices that configuration Is always anttferroe-

lectrlc, wlt.i. the dlpoles in the a direction. For body-cen-

tred iattlcef-- the most stable configuration is ferroelectric in

the a or the c direction, or antifsrroelectric with dipoles in the

a direction and Sc = (0,1,1). In face-centred lattices th«

configuration can be ferroelectric with dlpoles In the » or the b

direction, or antlferroelectric with dipoles in tho *•» direction

and two different modulations.

111.c,10 Dlpolft-dlpole interactions and the "«rrv-lectric-

modulated and modulated-paraelectrlc phase transi-

tions of NaNO .
2

V.Massldda

A body-centred orthorhombic lattice with th» lattice

constants of NaNO is considered. Each lattice Pit*! hfiars an

electric dlpole which Is free to reorient In the be plane. Using a

classical statistical mechanical formalism it is found that when

the temperature is increased from 0 K the system undergoes two

phase transitions: the first from the ferroelectric to a modulated

phase, and the second from the modulated ¡o the

phase. This behaviour is qualitatively the same as ¡Se

one.

w
Accepted for publication in Physica B.
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III.c.11 Order-disorder transitions In a linear lattice of

dlpoles and quadrupoles.

C.R. Mlrasso and V.Massldda

The purpose of this work Is that of studying the order-

disorder transitions In a unidimensional crystal of molecules

which interact through their dipole and quadrupole electric

moments. The molecules can reorient freely in a plane containing

the linear lattice. In a first stage we found the configurations

with the least electrostatic energy. These depend on the values of

the dipole moment and of the quadrupole tensor component and may

consist of one, two or four sublattlces.

Presently the behaviour of the system as a function of

temperature Is being Investigated. We are finding a phase diagram

very rich in phase transitions between different configurations.

11I.e.12 The ordered and disordered phases of crystalline F .

2.Gamba and E.B.Halac

We report a molecular dynamics simulation study of the

ordered and disordered phases of crystalline F . Several macrosco-

pic and microscopic statical equilibrium properties have been cal-

culated at different temperatures; among the latter we Include

orientatlonal probability functions of molecules in both

crystalline phases. Dynamical properties were analyzed by calcu-

lating several auto- and cross-correlation functions at different

temperatures and their characteristic times are given. A compari-

son with several theoretical models is also performed.

J.Chem.Phys., In press.
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III.c.13 On the possible existence of modulated phases In the
i

random chessboard model.

S.D'Elia

The random chessboard Hamlltonlan describes a spin system in

0=2 dimensions with two Islng-llke variables per site that

Interact via a next-nearest neighbor (k ) and a four-spin (r )

coupling constants. In this work we present an improvement of the

previously considered renorroallzatlon group-flow equations (RGFE)

for this model.

We Introduce an non-steady basis of six marginal operators

that diagonalIze the Kadanoff operator algebra coefficients with

the instant.aneous four-spin Hamlltonlan. The equations of motion

are formulated in -chis "noninertial" frame in a standard way and

afterwards they are written using a fixed frame of marginal

operators.

The resulting nonlinear first-order differential equation is

studied. We find that after a "time" t = I the renormalized
c

couplings become complex numbers. For I —> » the renormalized

Hamlltonlan iterates to a double eight-vertex fixed line.

As the approach to this limit occurs with oscillations of

ground frequency u « T , we deduce the possible existence of a
o

modulated phase. Or. the other hand, analyzing the properties of

the full set of solutions of RGFE we obtain that the model could

have at least eight nonuniversal ordered phases in the small F
o

limit, four of these being modulated and the remaining four

nonmodulated.
Physica 139A (19b6) 471.

III.e.14 Anomalous phase transition in an Islng model with
ft

four-spin Interactions In two dimensions.

S.D'Elia

The renormal iz.it i on group-flow equations (RGFE) for a new

g model with both '¿wo-spln

constants are here /econsidered.

Ising model with both '¿wo-spln (k ) .u-:1 four-spin (I*) coupling
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By using rotating marginal bases to construct the

corresponding Kadanoff operator algebra, an effective ^-function

of a non-analytic structure has been obtained. The consequence of

this rather unusual fact are in the present work investigated.

There are two nontrivial types of fixed points. One of these

is associated with first-order transitions and it is unstable

against small Imaginary perturbations of the initial couplings. As

a consequence the flow reaches ultimately a second fixed point

which represents second-order, Baxter-like, phase transitions.

The first-order fixed point also is a branch point of the

(3-function. Then there are many solutions for the asymptotic limit

{I —> co). For example, we obtain eight regular trajectories which

should represent eight coexisting nonunlversal phases, four being

modulated In nature.

All these phases are associated with a type of asymptotic

freedom of the model: it scales In the infrared limit towards two

uncoupled Ashkln-Teller models.

The initial behaviour of the RGFE U * 0) gives on the other

hand a single Baxter-phase. The boundary between the two regimes

is át a time ¿at x~, where x * r/k . The corresponding crossover

lines in the phase diagram of the model are also calculated.

Random trajectories of the RGFE are constructed for times

i > I . These solutions probably describe some type of metastable
c

states.

A plausible Interpretation of these facts is that at small x

one would have a critical phenomenon with characteristics of both

a first-order and a second-order phase transition.

On the other hand, for x = O ( x f c x a s l ) one has a

well-defined second-order (first-order) phase transition.

Finally, the gauge invarlance properties of the model are

considered.

«

This work is a continuation of a previous paper (Physica 139A.

471 (1986)). It was presented at the X SLAFES (La Habana, Cuba,

December 1987).
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11 I.e.15 The X-ray absorption and Hondo problems: a field
. _

theoretlcal renornna 11 zatlon group approach.

S.D'Elia

We Introduce a renormal 1zatlon group approach for the

classical X-ray absorption and Kondo problems. The proposed method

follows the standard renormallzatIon procedure which applies for

example to a 0 -theory in field theory.

In a first step the bare propagators and vertex parts are

calculated up to two-loops order In the Feynman diagrammatic

expansion. P.enormal ized functions are then introduced by using

both wave function renormallzatIon of the deep electrons and

constant coupling renormalization.

A Callan-Symanzik equation for the bare functions is written.

The corresponding fj-function and the anomalous dimension of the

deep-eleelron field are calculated up to three loops in the

expansion parameter.

When I he theory is only considered up to the two-loops order,

the results turn out to be in agreement with those obtained from

the Anderson "poor man" renormallzatIon procedure and from another

approach which uses a M e differential equation. The flow iterates

to a finite fixed point.

On the other hand, if the full three-loops expansion is used,

the flow undergoes crossover from the small-coupling to the

istrong-couplIng region. The results are in qualitative agreement

with the well known Wilson's numerical work about the Kondo

problem. Finally, the anomalous dimension gives the Mahan-

Noziéres- De Dominicis singularity, up to the lowest-order in the

coupl1ng constant.

Presented at the X SLAFES (La Habana, Cuba, December 1987).
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111.c.16 Quantum studies of the two-dimensional axial next-

nearest neighbour Islng (ANNNI) model: a self-

consistent free ferrolon theory.

S.D'Elia

The quantum Hamiltonian analogue of the two-dimensional ANNNI

model is studied by using a classical canonical transformation.

Quaslparticle operators are defined In terms of the creation and

annihilation operators associated with the quantum description of

the model. The resulting Hamiltonian has both a one-body part

(which describes free quasipart leles) and a two-body term

(responsible for the interaction between them) which is not

considered in the present work. To define the free-fermion part

one must solve n self-consistent problem for three different

(global) ground-state correlations, which obey a system of coupled

nonlinear integral equations.

In order to solve this system we propose a perturbative

method based on an expansion in a power series in x (x being the

ratio between the next-nearest and nearest coupling constants).

Once these global correlations are found we obtain expressions for

the critical lines of the model, for the ground-state energy and

for the correlations between some local operators.

A preliminary examination gives a reasonable agreement with

other previous theories, at least In the small x case.

The present approach could be used as a starting point for

studying the phase diagram of the model. In particular, it is

useful to analyze the appearing of modulation.

111.c.17 Finite size scaling estimation of critical exponents

in the two dimensional ANNNI model.

M.D.Grynberg and H.Ceva

The magnetic critical exponent of the two dimensional axial

next-iiearest-neighbor Ising (ANNNI) model is estimated by means of

the finite size scaling of the order parameter.

For a finite system without ordering field, this magnitude is

computed from the two leading eigenvectors of the transfer matrix.
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T¡WÍ ferromagnet le -paramagnetic transition temperatures es-

timated v'ith this method exhibit a small lattice-size dependence.

Moreover, they are in good agreement with those obtained using

Phenomenological Renormallzatlon, and also with analytical

approximations.

The correlation length critical exponent Is calculated by

means of Phenomenological Renormalization.

The results found with these numerical techniques indicate

that the ferromagnetic-paramagnetic transition of the model seems

to belong to the Islng universality class for some values of the

coupling constants, in contradiction with a previous result

obtained using the persistence length criteria which indicate that

the transition Is always first order.

i i I.e.18 Alternative transfer matrix approach to two dimen-

sional systems with competing Interactions in one

direction.

M.D.Grynberg and H.Ceva

A transfer matrix representation In terms of Paul i spin

matrices is used to perform a Phenomenological Renormalization and

Finite Size Scaling analysis of two-dimensional spin models with

competing Interactions In one direction. This enables us to obtain

the leading eigenvalues of the transfer matrix with a significant

saving of computer time using the Lanczos scheme.

The phase diagrams of the axial-next-nearest-nelghbor Ising

(ANNN1) model and a model with competing two- and four-spin

couplings In one direction, are studied. The order of the phase

transitions was determined by examining the finite-size scaling

behavior of the persistence length.

Pata for the normalized scaled persistence length display

scaling on the ferromagnetic-paramagnetic transition line for both

mode 1s.
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11 I.e.19 The car parking problem at high densities.

E. Burgos arid H. Bonadeo

The radial distribution functions of random ID systems of

sequent,lal hard rods have been studied in the range of very high

densities, it Is found that as the number of samples rejected

before completion Increases, anomalies in the palrwise

dislribution functions arise. These are discussed using analytical

solutions for systems of three rods and numerical simulations with

twelve rods. The probabilities of different spatial orderings with

respect to the sequential order are examined.

I 11. c. XO On the earmarking problem,

!•:. Hurtos anti H. IJonadeo

The radial distribution functions of randomly distributed

one dimensional spheres are studied. The differences between equi-

librium fluids and sequentially constructed systems are discussed

in terms of the correspondIng configuration spaces and numerical

simulation?;. II. Is shown that for the sequentially constructed

systems, which correspond to the car parking problem, a "memory

<-ITect" occurs, such that the sequential spheres are temporally

distinguishable, lixaet solutions for some simple cases and numeri-

cal simulations for large systems are shown, discussed and

compared with the equilibrium fluid results.

l.i'liys. A: Math, fieri. ¿0(19HY) 1193.

II I.e.21 Many-body coulomblc Interactions: a diagrammatic
. _

method.

E.Burgos and H.Bonadeo

A diagrammatic method to obtain the many-body Coulombic

interactions In ?\ Kaylei^h-Schrodinger perturbatlve treatment is
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presented. It. Is linked with a diagrammatic method to represent

the Interaction tensor's, and leads to a straighforward way of

writing down the explicit formulae for the corresponding Interac-

tions. Diagrams up to fifth order perturbation terms are given,

and the method it, Illustrated with some examples.

Molecular Physics 60 (1987) 1415.

111. c:.22 Three-body 1nteract ions in molecular crystals.

E. Burgos and H.Bonadeo

inductive interactions Involving permanent dipoles and

quadrupoles, and dipolar poJarizabi1itles have been calculated for

the simple molecular crystals NH , Cl , a- and (3-C H and a-N . It
3 2 2 2 2

was found that these attractive Interactions give sizable contri-

butions to the crystal energy, partly compensated by the repulsive

three-body Interactions.

J.Lascombe (Editor), Dynamics of Molecular Crystals (Elsevler,

1987), p.47.

111.c.23 Is a 1 oca) description of stable 2D random packing

possible?

E.Burgos and H.Bonadeo

Local models of stable 2D random packing by Williams and
í 2Í

by Uhler and Schilling are discussed in terms of car parking

and equilibrium fluid ID distributions. A numerical simulation of

a simple 2D model is also presented, whose results are different

from the previouu two. It is concluded that those simple-minded

approaches to the problem of random 2D parking are questionable

and accui'ate, answers to the problem will have to come from more

realistic models.
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J.I'hys.A: Math. Gen. UJ (19B6) 1.913
(I>D. K.G.Williams, J.Phys.C: Solid State Phys. 18. (1985) L181
í 5M

W. Uhlcr and R.Schilling, J.Phys.C: Solid State Phys. 18. (1985)

I.!)'/!).

11 I.e.24 Exact solution for the pair distribution function of

a_j>n_e-d 1 mensional equilibrium fluid of hard rods with

arbltrary size distribution.

E.Burgos and H.Bonadeo

An exact, solution for the pairwise distribution function of a

II) equilibrium fluid of hard rods of arbitrary size distribution

Is presented. Discrete size distribution for finite numbers of

rods and in the thermodynamlcal limit, and continuous size distri-

butions are considered. Examples showing the effect of shape and

width of the size distribution and of density on the pair distri-

bution functions are given, and the case of chains of sticking

rods is discussed.

J. (.hem. Phys. 88 (1988) 1163.

Ill.c.Üb Thermodynamlc potentials and distribution functions.

ii ^._Pi:nera' expression for the entropy.

J.A.Hernando

A mixture of \f> components in an external field and interac-

ting with potentials of 2,3 n-bodles Is considered. An exact

equation for the entropy it. derived. This equation gives the en-

tropy as a sum of correlational contributions whose structure Is

increasingly complex. The first five terms are expllclty

displayed.

Submitted to J.Chem.Phys.
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III. c. 26 Thermodynamlc potentials and distribution functions.

11: The HNC equation as a generalized superposition
_

approximation.

J.A.Hernando

The Flsher-Kopeliovich generalized superposition approxima-

tion Is applied to the entropy equation derived in the preceding

paper. The free energy Is written as a functional of the 1, 2,

3-body distribution functions and is minimized with the constraint

that these distribution functions remain normalized. A system of

Integral equations Is obtained which contains the HNC equation as

a limiting case. An expression for the free energy of a homogene-

ous system Is also obtained.

Submitted to J.Chem.Phys.

II I.e.27 Sume rales and fugacity derivatives of classical

fluids.

.1. A. Hernando

Kquat ions rolfc.1 Ing integrals of distribution functions or

correlation functions with fugacity derivatives of distribution

function;; are derived. The integral of the correlation function is

also separated in a fluctuation-dependent and a fluctuation-inde-

pendent term.

Submitted to .). Cñem. Phys.
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III.d. Crystal growth

I l l . d . 1 U i - i i r - y ; I ' h o s p h a i o T e t r a h y d r a t e ( H U P ) <;_ln;.',lf- • . .

( J p t i c f i l m i c r o s c o p y s t . u d y o n g e l - g r o w n s;>m¡>) •-:.

F . M a n g h i a n d G . f o l i a

U r a n y l p h o : ; ( > h ; > ¡ >• ' <M ¡ . - ¡ h y . i r a i •• M H J i ' ) s i n g l e c r y ; i i ! •.-.-.<•

g r o w n I n t e t r n m e i I n ' x y s i h i m t - v ' l s . ' In - < r y s l ••> !•; wr-r-e !<•<«•> ' ; • •• •! by-

X - r a y d i f f r a c t i o n ai>iJ c h a i mA < T \ /<•<! !-y SUM : u i ' ! o p t i c a l n> i ; -: •. -•- .< - ' - -

p y , u n d e r d i f ' i ' o r c : . ! I M . V i r o i w u l ¡ m i l t r m p f - i a l uro c u i ' i i l ¡ U M ' I

C h a n g e s I n b l rei r) i\is-r,<<- u>-ro )!>'•• o n l y e t f o t r t s o b s e r v e d i n t l i e

g e l - g r o w n s a m p l e . . A i ' i r s t . p , r a d u a i c h a n g e w a s r e l a t e d t o t n r »

c r y s t a l a t rao^pder-ic f - n v i r o n m ^ n t a n d t ho s e c o n d orif>, a t - 7 0 (-", v w s

b i ' d I .o a I f i a p i - i - a t . ui-f: s t r e s s i n d u c e d e f f e c t .

.]. Cr-ystal Growth 74 U986) 380.

I l l . d . 2 Morphological comparison of gel-grown c rys t a l s of

Jsomorphous uranyl layer compounds: UO HPO . 4H 0 and

VO HAsO . 4H 0."

E. Manghl and G.Pol la

HUASI1 and HUP wingle crystals were grown in 10% tetramnthoxy-

r.ilano gel and were characterized by optical microscopy and St.'M.

The crystals sfiow essentially the same final platy habit ami •;,or-

phoio^lcal features: one dominant hillock on (001) faces in the

case of HUASI1, many hillocks and parallel overgrowth in the case

of HUP, and spiral growth on (001) faces related to hillocks on

some samples of both compounds.

Some differences in I hi quality of crystals of both compounds

were noted. In HUASH ra!her good crystals; are obtained, probably

aue to the higher HUASH solubility with respect to that of HUP.

j . of Mai er 1 a J s SÍ: i pnce L< I i crs ti >' i "YS'í) PV 7.



I l l . d . M (,'••••«•• • >'• il r,, :,.::.-,,I i o n .,f l i i n g l T f . r y i ; U i ¡ « <.)• !!••

•;u¡..' (••••¡.•..lücv.'if;; I .a ' S r / C ' i -\).

'• i '¡hi, L.Manghi, P.K.de Perazzo, ¡.Civalr- a."-'

¡I. SuJ'ar

i. ÜX. SEM, THA were used to analyze powder samples of

! ;i ¡M- Cud „ obtained by solid state reaction and sinterizod
I .11 o.;; 4-0

in air fit 1000"f;.

A characterization of microstructure and thermal behaviour

W;A?; rnrulo with respect to the preparation conditions of our sara-

¡ )<•:;. The aim of this step was to obtain some knowledge about the

¡/.¡sic characteristics of the material in the temperature range

(T —>1000°C) involved in the synthesis and sinterization of
,\mb

these ceramic compounds.

II. The flux method was used to grow La/Sr/Cu/O single crys-

tals t rom the ceramic material obtained before. Superconducting

crystals (T =20K) with linear dimensions 200 to 1500 n were

obtained with OCu.

We are still working on this system so as to optimize the

growing conditions to obtain larger crystals.

Preliminary results were presented at the AFA Session,

Bar!loche, September 1987.

III.d.4 Slnterized pellets of La/Sr/Cu/0. Characterization by

X-ray diffraction, SEM and XPS techniques.

C0.de González3, G. Polla and E. Manghi

A stoichiometric mixture of oxides and carbonates was em-

ployed to synthesize the La Sr CuO compound (nominal composi-

tion) in air, at 1000°C during 20 hs. , and subsequent cooling down

to room temperature.

After grinding and compacting at 3.6 kbar, the material was

sinterlzed in air, at 1C )0 C, during 1R hs yielding pellets with

ti()% of the idoal dens i I.- with grnin «izo lower than 5 ¿i (SEM).

Those pplletr; were found ;.o bo p,uporr.nndu¡-t. rs (T = 30 K).

c,p=sox
X-ray powder diffr: tior> dUu-ranis ir.iJicnte that the tetra-
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gonal phase Is the dominant one in Hie samples. The other phase

which is present. In minor pi-opt -¡;-i 1<>n has not been identified yet.

Since the oxygo.i c-oiH.-<?rií.r;¡¡. ii'»ri and distribution throughout,

this compound find the L'u/C ratio seem to be .strongly related to

the superconducting behaviour, it was considered appropriate to

use the XPS (X-r.iy phot.oelectrons spectroscopy) technique to ana-

lyze light elPinfiits (oxygen in this case) and the combination

state of surface elements at different temperatures (-180 to

42O°C).

From XPS spectrum three combination states of oxygen were

found: as oxide, hydroxide and adsorbed oxygen.

Opto, de Materiales, CNEA, and Consejo de Investigaciones Cien-

15fleas de la Provincia de Buenos Aires.

111.d.5 New orientation in drops freezing due to high speed

collision on an ice substrate.

L. Levi and O.Nasello*

The process of polycrystai 1 ization of drops of 60 urn mean

volume diameter, colliding at a 29 m/s wind speed on an ice

substrate, is studied, for air and substrate temperatures varying

from -IB to -20°C and from -8 to -20°C respectively. It Is shown

that, on the basal substrate, the probability P for the

drops to become polycrystalline increases rapidly from ~0.1 to

~0.9 in the -15 to -20°C interval, the transition temperature

where P = 0.5 for T = T = T being T* = -18 5°C. This transition

is not reached on the prism substrate, though a slight increase of

P at T a T = -20°C suggests that T* is approached at this tempera-
A S

ture, its value probably being near or slightly below -25°C. A

comparison of the present and previous results shows that the

variation of the collision speed does not modify markedly the

polycrystai 1 ization drop behaviour-. This fact Is discussed by

taking into account the parameters which are modified by the

collision speed and could aave affected the phenomenon, i.e. the

interface area and the thickness of the water layers formed by the

drops spread on the substrate.
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J.of Crystal Growth 82 (1987) 411.

Universidad Nacional de Córdoba and CONICET.

111. d. 8 Crystal structure of ice accreted on an ice

substrate.

O.B. Nasello', L. Levl and F. Prodlb

Thin Ice deposits grown on a prismatic ice substrate and the

firbt layers of large deposits grown about a cylindrical ice

collector, are studied. Experiments were performed at 30 m/s wind

speed and T near -20°C. Progressive structural changes in thin
a

accretions with time of water-injection were observed, when the

substrate temperature was T > -5°C. After 60 s injection, which

determined a deposit ~1 mm thick, the preferred orientation was

established and the mean grain area was ~0.01 mm . Such structural

changes did not appear along the initial layers of thick deposits.

These differed mainly from the subsequent angle between the c-axls

and the growth direction.

These effects are discussed by considering the nucleation and

orientation selection processes which occurred during droplet

freezing and the annealing effects that occurred below the growth

front. The different c—axis orientations in the initial and main

zones ar >Í related to the different T values during their

formation.

J.of Glaciology 33 (1987) 120.

*FAMAF, Universidad Nacional de Córdoba and CONICET, Argentina,

laboratorio FISBAT - C.N.R., Bologna, Italy.

III.d.7 The density of accreted ice.

K.Prodi , L. Levi and P.Pederzoli

Thfi de/i::;ti of nccreícú iw has been experimentally
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Investigated by performing local measurements with a technique

based on X-ray micrography of calibrated slices.

Accreted ice deposits were grown on fixed cylindcis, whi'-h

allowed an investigation of the accretion process in steadier and

more regular conditions at the stagnation point, avoiding oscilla-

tions in local surface temperature. Further data used wore

obtained from previous work on rotating cylinders.

The results show that the values of the local ice density

found using X-ray micrography are unexpectedly high compared with

previous results. This discrepancy is discussed and mostly related

to the different techniques used and different estimations of the

air between lobes penetrating deeply inside the deposit.

The consequences of these results In various situations of

natural ice accretions are discussed, as well as on understanding

basic mechanisms of low density ice formation due to collision and

freezing of droplets on an ice substrate.

Quart.J.R.Met.Soc. 112(1986) 1081.

" Laboratorio FIHBAT, C.N.R. - Bologna, Italy.

III.d.8 Density and surface structure of ice accretions.

F.Prodi* and L.Levi

The dependence of accreted ice density on growth conditions

has been Investigated by growing deposits on rotating and fixed

cylinders. The local density of the accretions has been measured

on X-ray contact micrographies of calibrated normal sections. The

results show that the local density Is higher than that given by

Macklin's relationship. The latter may be considered valid only

for the mean density of rotating cylinders, which contain lobes

and correlated air channels. Lobes are absent in fixed deposits

which show a more uniform density.

J.de Physique 48 (1987) Cl-383.
8 Instituto FISBAT, C.N.R., Bologna, Italy.



Ill.d.g Numerical simulated evolution of hailstones with a

known structure.

L.Levi and L.Lubart*

A sample of 163 hailstones precipitated in Córdoba City on

November 17, 1981, is analyzed and a computational model Is

applied to simulate their growth. The stones, of 3-4 cm diameter,

were centered about a graupel (70%) or a frozen drop {30'/.) embryo.

Graupels were mainly formed by small crystals. Most frozen drops

were of about 3mm diameter and were surrounded by a thin small

crystal layer. The subsequent main layers showed a marked

transition from large to small crystal structure. The mean grain

size In the large crystal layer varied in the range of 1 to few

millimeters. Exceptionally, the whole structure consisted of small

crystals. The simulation model calculates the particle evolution

by considering the density variations with the growth conditions,

as derived from a discussion of recent results on this subject.

The importance of using different equations for the drag

coefficient Cd, In accordance with the embryo features, is pointed

out.

The application of the model shows that, during embryo

growth, the updraft should Increase from about 6 to 12-14 m/s, the

latter value remaining approximately constant, while the

particles follow a descending trajectory. Variations of the embryo

type, that is of Cd, may determine variations of the trajectory

altitude and therefore of the crystal size in the corresponding

ice layers. The stones are lifted to higher levels, when they

reach the edge of the main updraft, where updraft wind speeds of

32-35 m/s are reached. The results are favourably compared with

those obtained by applying the Hirsch model to the meteorological

data.

Submitted to the 10th International Cloud Physics Conference,

that will take place on August 15-20, 1988, at Bad Homburg,

Federal Republic of Germany.

* Servicio Meteorológico Nacional, Argentina.
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*
111.d.10 Ice accretions on fixed cylinders.

F.Prodl", L. Lev! and V.Levizzanl"

A comparison of ice accretions obtained on fixed and on

rotating deposits was expected to provide a better understanding

of the basic accretion mechanisms as well as being useful in many

practical applications. Therefore, the morphological and physical

properties of Ice deposits accreted in a wind tunnel on fixed

cylinders have been studied at temperatures, liquid water contents

and air speed ranges previously tested for rotating cylinders.

The deposits obtained are studied as to their external shape

and internal morphology, crystallographic properties and local

density distributions.

The external shape Is mainly dependent on the growth regime

(dry or wet-spongy) and the wind speed. In dry growth and high

wind speed the experimental profile is lenticular in agreement

with prediction; however, at lower wind speeds, the growth rate at

the stagnation line is reduced with respect to the flanks, and the

deposit develops a central depression. In wet or spongy growth,

run back is effective at high wind speeds, while shedding becomes

Important at lower speeds.

Observation of the crystal structure of fixed deposits shows

that grain size and orientation depend on the growth regime and

temperature in a similar way as with the rotating cylinders.

However, the grain elongation is more pronounced in the fixed

deposits, especially at lower temperatures.

The local density distribution of the deposits is measured

from X-ray micrographs. The stagnation line density is maximum or

close to the maximum at impact speeds of 26 and 10 m/s, while in

deposits obtained at 5 and 2.5 m/s it drops to remarkably lower

values.

The deposit profiles are compared with previous model

investigations, and information is provided on the behaviour of

some growth parameters which should be introduced Into the model

in order to better simulate the experimental process.

The angular profile of the local density is also compared

with predictions by previous investigators. It is shown that the

best representation or the experimental points is achieved by

calculating the mean volume radius of dr-olets at the collection

angle 9 and the corresponding impact speed, and using a new
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relationship between See density and the Macklln parameter.

Quart. J.R.Met.Soc. 112 (1986) 1091.

* Laboratorio FISBAT, C.N.R. , Bologna. Italy.

111. d. 11 Application of the nucleatlon theory to the forma-

tion of new crystals In drops that freeze on an ice

substrate.

O.Nasello* and L.Levi

The nucleatlon theory Is applied to Interpret the formation

of new crystals in drops freezing on an ice substrate. It is shown

that the experimental curves, relating the transition temperature,

where the drops become polycrystalline, to the drop diameter, are

in good agreement with the theoretical curves.

The comparison permits to evaluate some interesting physical

parameters, such as the substrate-embryo Interface free energy and

its dependence on the substrate orientation.

The results are discussed by taking into account the possible

relations between the formation of stacking faults and the

nucleation of new crystals.

a FAMAF, Universidad Nacional de Córdoba and CONICET, Argentina.

III.d.12 Thin accretions grown on an ice substrate:

experimental study and numerical simulation.

O.B.Nasello", E.A.Ceppl' and L.Levi

The structure of thin sheets of ice accreted on a basal and

prism substrate is studied. It is observed that, at. all tempera-

tures above a transition value, new crystals develop only on the

prism substrate. Below the transition temperature (T ~ T ~ -18°C)

many small new crystals are formed on both substrates. A numerical

simulation model is build up, where the nucleation probability in
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the droplets and the lateral crystal growth speeds are used as

parameters and a good correlation Is found between the variations

with the temperature of these parameters and of the deposit.

structure.

J.de Physique 48 (1987) Cl-421

a FAMAF. Universidad Nacional de Córdoba y CONICET, Argentina.



211.;. Instrumentation

III.e.1 Design of ultrashort laser pulse compressors.

O.E. Marti r>ez

New f«nfigurat.Jons for grating pulse compressors that include

focusing elements ha"o been designed and studied. Magnifying

schemes and compi-̂ r-sors of either sign "f th« spectral time delay

dispersion have b»»en presentee!. Their performance and limitations

were discussed and applications to fiber optic compensation for

high bit rate communication Fusteros w«re proposed. The compres-

sors were treated analytically by moans of propagation integrals

and assuming Gaussian spatial heom profile. A new formalism,

introducing a generalized «erslon of the ABCD propagation matrices

is also introduced. This formalism allows a systematic analysis of

any p^hlt-rwy compressor.

III.«.2 Design of high power ultrashort pulse amplifiers.

0. E. Martí pez

A system that expands and recorr.presses an ultrashort pulse by

means of diffraction gratings is described. The expansion can be

large enough to broaden the pulse to several nanoseconds. In this

manner, as the signal and pump pulses have similar lengths, high

efficiency amplifiers can be designed. The expansion avoids

inefficient energy storage in high gain amplifiers and nonlinear

effects in the amplifying medium and amplified spontaneous

emission is drastically reduced by working in a saturated ampli-

fier regime. Simplified models for nanosecond amplifiers were also

proposed and verified experimentally.
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III.e.3 Construction and installation of a gamma

diffractometer.

P.Bastie", M.A.R. de Benyacar, A.Carabelll, H.Lanza

and L.Schmlrgeld

A gamma-ray diffractometer, similar to one installed at the

Laue Langevln Institute, was built and its installation is being

finished (under an agreement between the Physics Department-CNEA

and the Laboratolre de Spectroscopie Physique de l'Universlté

Sclent ifique et Medícale de Grénoble).

Gamma-dlffractometry is a particularly suitable tool to de-

termine with high precision small structural deformations which

are very difficult to detect by other techniques, In those mate-

rials which present phase transitions at extreme temperatures and

in which at least one of its phases presents a domain structure.

Basically, a y-dlffractometer has a y-source (in our case
192Ir, with r of 316.5 JceV and 468.06 keV, 1=50 curies), a colli-

mator which allows a divergence less than 10' in the vertical

plane and between 10" and 60" in the diffraction plane, a high

precision goniometer (step rotations 0.001°), a detection system

(Ge detector), an alignment system (basically a laser and a

prism), and a security and obturation system (see Fig.l).

During Dr. P. Bastle's visit in 1986 a selection was made of

all the high precision mechanical instruments, y-source, etc. to

be bought. At the same time the technical specifications of the

different parts to be built in Buenos Aires were formulated (they

were constructed during 1987).

During Dr.Bastie's second visit (1987) the diffractometer was

Installed and aligned, and the first diffraction diagrams were

obtained. Technical specifications of the missing parts were for-

mulated and those of a furnace with a high precision temperature

control to be built to study the phase transitions in compounds of

the K CrO family were discussed.
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8 Université Sclentifique et Medícale de Grenoble, France.
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IV. OTHERS

IV.a. Atonic Physics

IV. a.1 Radiative electron capture in beam-solid foil

collisions.

I.B.Nemlrovsky, G.Pregl lasco", A. González1" and

T. Quinteros1*

Radiative electron capture (REC) by fast F8+ and F8+ Ions in

collisions with C and Al target foils has been studied. It is

shown that the REC line profiles can be accounted for qualitative-

ly on the basis of considering proper beam charge states in the

solid and excited states in both projectile and target atom.

* F.C.E.N., Univ. de Buenos Aires, Argentina.
b CONICET, Argentina.
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IV.b. Computational PhysicB

IV.b.1 The ARPAS project.

H. Cíngolarii, E. Ferrán, A. Ferrero, J.Nicolás, N.Parga,

R. Perazzo, S.Reich, A.Ridner and J. Sinderman

The Physics Department, in collaboration with professionals

from other Departments of the CNEA, is developing tx high velocity

computing facility with a SIMD type of parallel architecture.

In the figure an overview of the global architecture is

shown. The system is corinected to a host through an interface

which, at least in a first stage, is going to be an IBM AT or an

equivalent one. The user's program is compiled within t h« host

where also the sequential parts of the program art 'ompul»d. The

host transfers to ARPA those subroutines where the progr unmer ¡i.i.s

implemented special paraiiel algorithms.
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A.García, S.Gil, D.E.DI Gregorio, A.Etchegoyen, J.Fernández

Niello, A.M.J.Ferrero, A.O.Macchiavelll, A.J.Pacheco, J.E. Testonl

"Calibración en energía del haz del acelerador Tandem de Buenos

Aires".

D.Abrióla, D.E.D1 Gregorio, A.Etchegoyen, M. C.Etchegoyen, A.M.J.

Ferrero, J.O.Fernández Niello, S.Gil, E.D.Izquierdo, A.J.Pacheco,

A.O.Macchiavelll, J.E.Testonl

"Reacción de intercambio de carga 10B(7Li,7Be)10Be".

D.E.Di Gregorio, M.di Tada, J.O.Fernández Niello, A.J.Pacheco, J.

Testoni. R.G.Stokstad, Y-d Chan, S.Gazes, E.Chávez, E.Plagnol

"Reacciones de captura en los sistemas *°**8Ca + 208Pb a energías

próximas a la barrera coulombiana".

Latín American Meeting on Atomic Collisions, Baríloche, Argentina,

6-15 October, 1986.

I.Nemlrovsky

"Implementación de una linea de haz destinada a experiencias en

colisiones atómicas con el acelerador de iones pesados Tandar".

I National Meeting on Non-equlllbrium Statistical Mechanics and

Non-linear Physics (MEDYFINOL), Lujan, Argentina, November 1986.

J.A.Hernando

"Correlaciones de dos y tres cuerpos en líquidos" (Invited talk).

Nuclear structure, reactions and symmetries, Dubrovnlk, 1986.

The Procedlngs have been published by World Scientific

M.C.Cambiaggio, J.Duke1sky, G.R. Zemba

"Cranked Hartree-Bose approximation in the SU(3) - U(5) phase

transition" (Invited tal.<).
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S.Pittel, J.Dukelsky

"The generalized Holsfein-Primakoff boson expansion and the IBM".

Microscopic approaches to nuclear structure calculations,

Sorrento. Italy, 1986.

The Proceedings were published by the Italian Physical Society.

J.Dukelsky, S.Pittel

"Microscopic approach to the interacting boson model in the

deformed region".

International Symposium on Physics at Tandems. Beijing, 1986.

The Proceedings have been published by World Scientific.

A.J. Kreiner, M.A.J. Mariscottl

"Decoupling phenomena in doubly odd nuclei".

Symposium on "The Many Facets of Heavy-Ion Fusion Reactions",

Argonne National Laboratory, 198C.

The Proceedings were published by ANL (ANL-PHY-86-1).

Y.Chan, C.Alblston, M.Bantel, A.Bubzanosky, D.E.DI Gregorio, R.G.

Stokstad, S.Wald, S.Zhou, Z.Zhou

"Study of Incomplete fusion for light heavy-ion systems using

velocity distribution".

International Meeting on Solid State Physics, Santiago, Chile.

January 1987.

M.Weissmann

"Electronic properties of non-perlodlc systems with long range

order".
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5th Argentinian Congress on Physlcochemlstry, Mar del Plata, March

1987.

A.M. Llois, M. Welssmann.

"Distancia y estructura de capas adsorbidas obtenidas por SEXAFS y

cálculos EHT".

1st Brazilian Symposium on Computer Architecture, Gramado, Brazil,

May 1987.

H. Clngolanl, E. Ferran, A. Ferrero, J. Nicolas, N.Parga, R.

Perazzo, S.Reich, A. Rldner, J. Slnderman.

"Proyecto ARPAS".

Multldiscipllnary Congress on Geriatrics, Medical Psychology and

Psychosomatic Medicine, Buenos Aires, 7-9 May, 1987.

M. A.R.Benyacar, H.E.Mosso, M.F.Robertl, E.Grossman

"Proceso de calcificación arterial en la vejez".

X Workshop In Nuclear Physics, Buenos Aires, June 1987.

The Proceedings have been published by CNEA (NT-3/88).

M.C.Camblagglo, J.Duke1sky

"Aproximación de campo medio y la transformación colectiva para

hamlltonianos bosónlcos de Dyson"

A. 0. Gat tone

"Interacción mesón-mesón en un modelo de quarks"

M.A.Cardona, A.Fllevlch, G.García Bermúdez

"Calibración y primeras mediciones utilizando el "Plunger"".

R.G.Pregllasco, I.Nemlrovsky

"Procesos de captura electrónica con emisión de radiación".
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P.Leboeuf, A. Pages, M. Saraceno

"Sombras cuánticas de objetos Invariantes clásicos".

M. Debray, A. J. Krelner

"Estructura en Ac".

D. Hojman, A. J. Krelner

"Altos espines en 172Ta".

D.Santos, J.Davidson, M.Davidson, M.Debray, G. Falcone, D. Hojman,

A. J. Kreiner.

"Estructuras rotacionales en Reñios doblemente impares".

A.Caridi, A.J.Krelner

"Contaminación ambiental de Pb por el método PIXE".

U.Abrióla, D.E.Dt Gregorio, A.Etchegoyen, M.C.Etchegoyen, J.

Fernández Nlello, A.M.Ferrero, S.G11, A.0.Macchiavelli, A.J.

Pacheco, J.E.Testonl, J.Klttl

"Potenciales dependientes de la energía en el sistema 0 +
144Sm".

Meel. l_ng of the Argentinian Association of Nuclear Technology,

Barí loche, Argentina, 1987.

A.Caridi, A.J.Kreiner

"Método PIXE".

Latin American School of Physics, La Plata, Argentina, July 1987.

A.J.Krelner

"Nuevos resultados obtenidos con el acelerador TANDAR".

A. J. Kreiner

"Puesta a punto de la técnica PIXE en el laboratorio TANDAR".
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Intl. Conference on Nuclear Shapes, Crete, Greece, July 1987.

M. J.A.de Volgt. J.C. Bacelar, H. J. Rlezebos, E. M.Beck, M. A.

Deleplanque.R.M.Diamond, J.E.Draper, C. Duyar, A. 0. Macchiavelli,

R.J.Mc Donald, F.S.Stephens

"Superdeformed bands at high spin In Z=60, 66 and 68 isotopes"

E. M.Beck, R.J.McDonald, A.0.Macchiavelli, J.C.Bacelar, M. A.

Deleplanque, R.M.Diamond, J.E.Draper, F.S.Stephens

"Superdeformed bands In Nd nuclei"

XI International Workshop on Condensed Matter Theories, Oulu,

Finland, July 27-August 1, 1987

The Proceedings are being published by Plenum Press.

M. C. Carablagglo, J. Dukelsky

"Varlatlonal approximation to the non-Hermitlan Dyson boson

Hamlltonian" (invited talk).

V International Conference on Recent Progress In Many-Body

Theories, Oulu, Finland, August 2-8, 1987

M.C.Cambiagglo, R.Pérez, P.Vary

"Validity of the t-expansion in the nucleón many-body problem".

Research Workshop in Condensed Matter Physics, Trieste, Italy,

August 1987.

M.Weissmann

"Electronic properties of incommensurate systems".

X Workshop on Nuclear Physics in Brazil, Caxambu, Brazil, August

26-29, 1987.

A.0.Gattone

"The EMC Effect: Current Status"
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I.Nemirovsky

"Física atómica en el Laboratorio Tandar".

D.Abrióla

"Fusion and quasi-elastic processes near the coulomb barrier"

5 International Conference on Nuclei Far from Stability, Rosseau

Lake. Ontario. Canada, September 14-19, 1987.

A.Ben Braham, C.Bourgeois, P.Kilcher, J.Oms, B.Roussiére, J.

Sauvage, M.G.Porquet, A.J.Kreiner

"Study of transitional doubly-odd Ir and Ir".

Meeting of the American Physical Society, 1987.

S.Shi, C.W.Beausang, D.B.Fossan, R.Ma, E.S.Paul, W. F. Piel Jr., N.

Xu, L.Hlldlngsson, A.J.Kreiner

"Rotational Bands In doubly-odd 132Pr and 130La".

Bull.Am.Phys.Soc. 32 (1987) 1S62.

72a. Meeting of the Argentinian Physical Association, Barlloche,

September 28-0ctober 2, 1987.

A.Saúl, A. M. Llois, M. Weissmann

"Oxígeno vs. flúor en propiedades electrónicas de clusters Cu X
n M

(X=0,F)".

A.Saúl, A.M. Llois, M.Weissmann

"Un poco más sobre funciones de onda de Hamillonianos inconmen-

surados unidimensionales: dimensión fractal y su relación con la

localizaclón".

A.Levy Yeyatl, M.Weissmann

"Estudio de la estructura atómica local en aleaciones amorfas

metálicas: distribución del gradiente de campo eléctrico en Zr-Cu

amorfo".
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M.C.Cambiagglo, J.Dukelsky

"Aproximación de campo medio y la transformación colectiva para

Hamlltemíanos bosónicos de Dyson"

A.O.Gattone, W-Y.P. Hwang

"Correcciones por retroceso en un Modelo de Bolsa"

M.A.Cardona, A.Filevich, G.García Bermúdez, D.Napoli, D.Otero,

M.Debray, E.Achterberg

"Medición de vidas medias nucleares en el decaimiento del Rb".

D.Abrióla, M.Alurralde, E.García, G.García Bermúdez

"El uso de iones pesados en análisis de materiales".

R.C.Mercader, F.H.Sánchez, A.Filevich

"Resultados preliminares de implantación de carbono sobre acero

inoxidable".

M.Bernath, 0.Dragun, H.Massmann, J.Testoni

"Reacciones de transferencia de dos neutrones entre núcleos defoi—

mados a estados de alto momento angular".

F.Labenski, C.Saragovi-Badler, L.Klelman

"Estudio Mossbauer de biotitas provenientes de tobas de la forma-

ción "Yacimiento Los Reyunos"".

C.Saragovi-Badler, F.Labenski, M.Granowsky, D.Arias

"Estudio preliminar en fases de laves de Zr por espectroscopia

Mossbauer".

C.Saragov i-Badler, F.Labensk1

"Mediciones por espectroscopia Mossbauer de YBa Cu 0 _ dopadas

con Fe".

R.G.Pregllasco, I.Nemirovsky, T.Quinteros, A.González

"Método para la determinación de la eficiencia de un detector de

Si-Ll".

I.Nemirovsky, R.G.Pregliasco, T.Quinteros, A.González

"Determinación experimental de espectros de rayos X en colisiones
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de iones pesados con blancos sólidos".

E.Burgos, H.Bonadeo

"Solución exacta para la función distribución de a pares de un

fluido ID en equilibrio de segmentos rígidos con distribución

arbitraria de tamaños".

E.Burgos, H.Bonadeo

"El problema de segmentos distribuidos al azar con altas

densidades".

P.Konlg, C.Aprea, R.Baggio, G.Pol la

"Estudio cristalográfico de la deshidrataclón del oxalato de

uranllo".

M.A.R.Benyacar, E.Cattaneo, H.Ceva, H.Lanza, L.Schmirgeld

"Efecto de defectos producidos por irradiación en la transición de

fase 1nconmensurada-conmensurada del Rb ZnBr ".
2 4

E.Osquiguil, G.Polla, G.Nieva, L.Civale, R.Decca, M.A.R.Benyacar,

F.de la Cruz

"Efectos de 0 en el sistema LaSrCuO".

G.Polla, E.Manghi, P.Konig de Perazzo, L.Civale, H.Safar

"Reacción de estado sólido, proceso de sinterizado y crecimiento

de monocristales de La Sr CuO (caracterización de muestras
1.8 0.2 4.8

en cada etapa)".

M.Bernath, A.J.Fendrik, P.Leboeuf, R.P.J.Perazzo, M. Saraceno

"Estudio clásico y cuántico de un billar elíptico rotante".

P.Leboeuf, A.Pages, M.Saraceno

"Rol de las órbitas periódicas en la cuantlficación semicláslca".

G.Falcone, M.Debray, A.J.Kreiner

"Medición de secciones eficaces de fusión-evaporación en la zona

de los actínldos".

D.Hojman, A.J.Kreiner

"Momento de inercia a altos momentos angulares en Ta".
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D.Santos, A.J.Kreiner, J.Davidson, M.Davidson, M.Debray, G.Falcone

and D. Hojinan.

"Estructura en Reñios doblemente Impares".

D.E.D1 Gregorio, M. di Tada, J.Fernández Niel lo, A. J.Pacheco, J.E.

Testoni, R.Stokstad, Y-d Chan, S.Gazes, E.Chávez, E.Pagnol

"Reacciones de captura en los sistemas ' Ca + Au y ' Ca +

Pb a energías próximas a la barrera coulomblana".

M. Bernath, 0.Dragan, H.Massmann, J.E.Testoni

"Transferencia de pares de neutrones en núcleos deformados a esta-

dos de alto momento angular".

D. Abrióla, M.Alurralde, E.Garcia, G. García Bermúdez

"El uso de Iones pesados en análisis de materiales"

V. Massldda, C.R. Mlrasso

"Configuraciones de energía electrostática mínima en redes

ortorrómbicas de dipolos".

V.Massldda

"La interacción dipolo-dlpolo y las transiciones de fase del

NaNO2".

G.Stolovltzky, J.A.Hernando

"Trayectorias en el pool de Lennard-Jones".

L.Hernández, J.A.Hernando, H.Ceva

"Estudio de la aplicación de la aproximación de campo medio a un

sistema con Interacciones tipo multl-spln".

Z. Gamba, E. Halac

"Las fases ordenadas y desordenadas del F cristalino".

28th Argentinian Congress of Rheumatology, Huerta Grande, Córdoba,

October 1987.

M.A.Lázato, D.Garcia Morteo, S.Payra, J.Lema, M.A.R.Benyacar,

J.A MaIdonado Coceo, O.Garcia Morteo
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"Llnfoadenopatías por sil leona en pacientes con prótesis de

silastlc".

XV Scientific Meeting. IV Latin American Meeting, I Conferences on

Nuclear Power Stations, Bariloche, November 1987.

M. C. F.Q. de Galla, C. Giménez, H. Di Paolo, A. Ramagllo.

"Radiación neutrónlca debida a reacciones entre iones pesados en

el Acelerador TANDAR".

II Interamerlcan Congress of Meteorology - V Argentinian Congress

of Meteorology, Buenos Aires, Argentina, November 30-December 6,

1987 (Proceedings In press).

L.Levl, L.Lubart, J.Lassig, M.E.Saluzzl

"Estudio de una Tormenta Convectiva en el Alto Valle. Proceso

MIcrofisleo".

10th Latin American Symposium of Solid State Physics, La Habana,

Cuba, December 7-12, 1987.

S.D'Elía.

"Anomalous phase transition in an Ising model with four-spin

interactions in two dimensions".

S. D'Elia.

"The X-ray absorption and Kondo problems: a field theoretical

renormallzation group approach".

The Texas A & M Symposium on Hot nuclei College Station, Texas,

USA, 7-10 December, 1987.

J.P.Vary, M.Saraceno, C.Bozzolo, H.C.Miller

"Thermodynamic coefficients of hot nuclei and the nuclear equation

of state".
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II National Meeting on Non-equilibrium Statistical Mechanics and

Non-linear Physics (MEDYFINOL), Lujan, Argentina, 9-12 December,

1987.

G.Stolovltzky, J.A.Hernando

"Movimiento regular y estocástlco en el pool de Lennard-Jones"

Internat.tonal Congress 50th Anniversary of the Argentinian Society

of Cardiology and 10th Anniversary of the "Fundación Argentina"

and XV Argentinian Congress of Cardiology

M. A.R.Benyacar, H. E.Mosso, R.Ibarra

"Calcificación Arterial".

VI Seminar on Analysis by X-Ray techniques and II Latin American

Seminar on Analysis by X-Ray techniques, Bahla Blanca, Argentina,

9-14 November.

G.Nievas, M.A.R.Benyacar

"Identificación de materiales en calcificaciones en aortas y

tejido slnovial".

C0.de González, G. Polla, E.Manghl

"Caracterización por difracción de rayos X, SEM y XPS de muestras

sinterlzadas de LaSrCuO".

Meeting of the German Physical Association, 1987.

C.Mittag, J.Fernández Niello, H.Puchta, F.Rless and M. Stallknecht

"Lifetime measurements In Ra".

Verhandl. DPG (VI) 22 (1987) PG101

C.Mittag, J.Fernández Niello, F.Riess, E.Ruchowska, M.Stallknecht

and H.J.Maier
221

"Spectroscopy of Ra".
Verhandl. DPG (VI) 22 (1987) PG103
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Workshop on Collective Features of Pair Transfer Processes between

Nuclei. Varenna. Italy, 1987

J.Fernández Niello

"Feasibility of Transfer Experiments at Bombarding Energies Well

Below the Barrier".
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Ph.D.Theses

Alejandro J. Fendrik

"Correlaciones de cuatro partículas en núcleos pesados".

Facultad de Ciencias Exactas y Naturales (FCEN), Universidad de

Buenos Aires CUBA), December 1986.

Martín D.Bernath

"Formalismos modificados de canales acoplados y de la aproximación

de Born de canales acoplados para estudiar reacciones nucleares

con iones pesados sobre núcleos deformados".

FCEN, UBA, March 1987.

Silvia M. Lenzi

"Efectos de contribuciones coherentes de dos o más nucleones en

núcleos esféricos y deformados".

FCEN, UBA, October 1987.

Licenciatura Theses

Jacqueline Miodownick

"Contribución de la Espectroscopia Mbssbauer en el campo de las

investigaciones médicas: Estudio de hemoglobinopatias".

Facultad de Ciencias Exactas y Naturales (FCEN), Universidad de

Buenos Aires (UBA), 1986.

Horacio Fortunato

"Competencia entre efectos que dependen de la finitud del tamaño y

efectos que dependen de la temperatura para la interacción de

pares".

FCEN, UBA, June 1986.

Mariana di Tada

"Construcción de un deflector electrostático para iones pesados".

FCEN, UBA, July 1986.
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Clarisa Bercovich

"Transiciones orden-desorden en cristales con grupos moleculares

reorlentables".

FCEN, UBA, 1986.

Mauricio Elgue

"Detector telescópico sensible a la posición"

FCEN, DBA, 198B.

Andrés Saúl

"Estudio de las funciones de onda de sistemas inconmcnsurados

unidimensionales".

FCEN, UBA, March 1987.

1.11 lana Si mone

"El principio do Paul i en espacio do fases clásico: dispersión de

fragmentos nucIeareB".

FCEN, UBA, March 1HH7.

Marcelo Chiapparini

"Aproximación de campo medio on sistemas bosón-fermión".

FCEN, UBA, June 1987.

Carlos Bal 1 ñas

"Aplicación <io la interacción do Skyrme a núcleos de capas

cerradas".

FCEN, UBA, June 1987.

Rodolfo A.Perez

"Estudio de la expansión t y su aplicación al problema de muchos

cuerpos en física nuclear".

FCEN, UBA, July 1987.

Daniel R. Vega

"Caracterización de las distintas fases de malotllato".

FCEN, UBA, August 1987.
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Cecilia Ventura

"Influencia de la fuerza residual de dos cuerpos en la renormali-

zación de estados fermiónioos "

FCEN, UBA, September 1987.

Daniel 0. Martinez

"Óptica iónica del acelerador' TANDAR".

FCEN, UBA, August 1987.

Federico Taddei

"Gradiente de campo eléctrico y dependencia de la frecuencia de

RCN con la temperatura para el cristal de Cl ".

FCEN, UBA, 1987.

Antonio Pagés

"Distribuciones cuánticas en espacio de fases".

FCEN, UBA, November 1987.

Gerardo B. Botteri

"Determinación de la eficiencia de un separador de isótopos "on-

line""

Universidad de Rosario.

María Cruz Von Kemenade
íí'líí

"Fisión Inducida de ' U"

FCEN, UBA, 1987.

Guillermo R. Pregliasco

"Captura electrónica i-adiativa en colisiones ión-sólido".

FCEN, UBA, 1987.

Laura Hernández

"Transiciones de fase en modelos magnéticos".

FCEN, UBA, December- 1987.

190



Internal publications

A.O.Gattone

"Fifth Force, Hyperphotons, Eotvos experiment, CP violation and

t.U That".

June, 1987

A.O.Gattone y F.J.Calvez

"Sensitivities in Relativistic Impulse Approxlmatior Calculations"

IKP der KFA JUllch. December 1987

A.O.Gattone

"Electromagnetic Form Factors with Current Conservation"

IKP der KFA Jüllch. December 1987.

A.O.Gattone

"The EMC effect and Nuclear Physics"

TANDAR - CNEA. September 1987.

M.C.F.Q.de Galia, C.Giménez and H.Di Paolo

"Guía de seguridad del acelerador TANDAR".

CNEA-N 2/87

Publications of general interest

A. J. Krelner

"Una alquimia de nuestro tiempo"

Revista Interacción, año 8 (1986) N° 12.

D. R. Bes

"El desarme nuclear: antecedentes y expectativas en el foro de

Moscú".

La Nación, 24/5/1987, 4th. section, p.12.

D. R. Bes

"0 xadrez nuclear: caminhos do desarmamento".

Ciencia Hoje, 6 (1987) 21.
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Colloqula

IS
- G.G.Dussel, Physics Department, CNEA

- C.Abeledo, Acting President of CONICET

- J. R.Iglesias, Univ. Fed. do Rio Grande do Sul, Brazil

- O.Rodrígue2, IFLVSIB, La Plata, Argentina

- A.Ringuelet, IAFE and Observatorio Astronómico de La Plata

- R.Fernández Prinl, Reactor Chemistry Department, CNEA

- S.Gil, Physics Department, CNEA

- J.Rosenblatt, Inst. Nat. de Sciences Appliquées, Rennes, France

- E.Bajaja, Inst. de Radioastronomía and CONICET

- A.Marcipar, Biótica S.A. and Polychaco

- J.Mignaco, C. Bras, de Pesquisas Físicas, Rio de Janeiro, Brazil

- J.Vidart, Escuela Latinoamericana de Informática, Argentina

- A.Plnczuk, Bell Labs., USA

- N.Parga, Centro Atómico Barlloche, CNEA

- M.Passeggi, INTEC, Santa Fe, Argentina

- M.Weissmann, Physics Department, CNEA, and CONICET

- E.Fradkin, Univ. of Illinois, Urbana, USA and Univ. de La Plata

- A.Kreiner, Physics Department, CNEA

- J. A.RoccataglIata, Fac. Ciencias Económicas, UBA; Fac. Humanida-

des, Univ. de Mar del Plata; Technical Adviser of the Presidency

of the Nation.

- J.E. Miraglia, IAFE (Instituto Argentino de Física del Espacio)

1987

- I.Maiztegui, FAMAF, Córdoba, Argentina

- R.Perazzo, Physics Department, CNEA

- B.Huberman, Xerox Palo Alto Research Center, USA

- E.Burgos, Physics Department, CNEA

- I.Orlansky, Centro de Inv. para la Dinámica del Mar y la Atmósfera

- B.Hopenhayn, Centro de Inv. sobre la Sociedad, el Estado y la

Administración (CISEA)

- V.Niemela, IAFE

- A.Gattone, Physics Department, CNEA

- A.Zuker, Laboratoire de Phys. Nucí. Theor. , Estrasburgo, France

- R.Nicolás, Solar Energy Division, CNEA

- H.Massmann, Fac. de Ciencias, Univ. de Chile

- F.de la Cruz, Centro Atómico Bariloche, CNEA

- J.Moragues, Nat. Dir. of Conservation and New Sources of Energy



J.Sábato, Department of Foreign Affairs, Argentina

E.Achterberg, Physics Department, CNEA

M.Marlscotti, Research and Development Direction, CNEA

D.Camin, Istituto Naz. di Física Nucleare, Milan, Italia

J.Klttl, Nuclear Supply Direction. CNEA

H.Scolnik, Computation Department, FCEN, UBA

C.Balseiro, Centro Atómico Bariloche, CNEA

A.P.de Quiroga, 1st.School of Social Psychology E. Pichon-Rlviere

C.Dorso, Physics Department, FCEN, UBA

M.Saraceno, Physics Department, CNEA

E.Candotti, Soc. Bras, para o Progresso das Ciencias, Brazil

A.de la Torre, FCEN, Univ. Nac. de Mar del Plata, Argentina

P..G.Stokstadt, Lawrence Berkeley Laboratory, USA

I.Tserruya, Weizmann Institute, Rehovot, Israel

C.Aráoz, Nuclear Supply Direction, CNEA

P.Thleberger, Brookhaven Nat. Laboratory, USA

J.Reyna Almandos, Optical Research Center, La Plata
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Activities with international organ!Bins

International agreements

Agreement CONICET - National Science Foundation (NSF).

- Institutions: CNEA

University of La Plata

University of Minnesota

University of I ovia

Subject : Nuclear Structure and Heavy Ions Reactions.

- Institutions: CNEA (TANDAR)

Nuclear Structure Laboratory Stony Brook (USA).

Subject : High spin structure in doubly odd nuclei.

- Institutions: Univ. of Tennessee

Oak Ridge National Laboratory

Subject : Theoretical and experimental studies of electron

capture in the continuum.

- Institutions:

Subject : Phase transitions In compounds of the A BO family

(A= Cr, Se, Te, Mo and their solid solutions).

Agreement Franco-Argentinian Cooperation project.

- Institutions: CNEA - Orsay/Strasbourg

Subject : Nuclear physics with accelerators.

-Institutions: CNEA

Unlversité Scientiflque et Medícale de Grénoble

Subject : Phase transitions in crystalline solids. Gamma-ray

diffractometry.

Agreement CONICET - CNPq (Brazil)

- Institutions: CNEA

Unlversidade de Sao Paulo, Brazil

Subject : Bosons models.
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Associate members scheme

Under the sponsorship of the International Centre for

Theoretical Physics of Trieste (Italy) a "Scientific Cooperation

Network" has been established with nodes in the Balseiro

Institute, the Physics Department of the University of La Plata

and the Physics Department of CNEA. Physicists living In Latin

America have been appointed Associate Members to this "Network"

and as such they are entitled to visit any of the nodes for

periods ranging from three weeks to three months.

Regional programme of the O.A.S. (Organization of American States)

The Physics Department is responsible for the Proyect:

"Panamerican Collaboration for Research in Nuclear Physics with

Heavy Ions Accelerators".

International scientific cooperation programme

Technical Meeting

Sponsored by the United Nations Developing Programme (UNDP)

and the CNEA, a Technical Meeting was held from 20 to 24 October

1986 to discuss and propose the establishment of an International

Scientific Cooperation Programme (ISCP) around the facilities of

the TANDAR Laboratories.

The Meeting was attended by senior scientists holding

responsibilities in a number of developing countries (Argentina,

Bangladesh, Brazil, Colombia, Cuba, Morocco, Mexico, Peru,

Thailand, Turkey and Yugoslavia). They prepared and aproved a

document (a copy is attached to this Proposal) which makes a

series of proposals in order to start an International programme

for cooperation in several fields of basic research and

technology, with the aim of raising in those countries the level

of physics and related technologies.

The ISCP will be oriented and overviewed by an International

Scientific Advisory Board. A system of country focal points will
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coordinate the activities of the ISCP with the participating

countries. The activities of the ISCP should be arranged with CNEA

through its Physics Department.

The topical interests of the ISCP Include low energy nuclear

physics, atomic physics, molecular studies, structural properties

of matter and a variety of topics in condensed matter and material

science, pollution and contamination, radiobiology, etc. In addi-

tion a number of techniques with multiplying effects for

developing countries can be Included (accelerator technology, ion

source developement, detectors and detecting devices, thin films,

high precision machining, high vacuum and electronics for data

acquisition, control and instrumentation). High in the list of

interests are computational physics and software for data

handling.

The main ways and activities envisaged to fulfill the purposes

of the ISCP will be:

- Associate membership scheme

- Long term Scholarships

- Research Projects

- Special Projects

- Scientific Meetings, Colleges and Graduate Courses
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