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Apresentacoes dia 01/09/97 

Cornunicagoes Orais - 14:00 - 15:30 

Interagao nucleon-nucleon 

14:00 SKYRMIONS AND THE NUCLEON-NUCLEON INTERACTION 
I. P. Cavalcante, M. R. Robilotta 	  9 

14:20 STUDY OF THE REACTION p p d +7r+ ACCORDING TO CHIRAL PERTURBATION THEORY 
C. A. da Rocha, U. Van Kolck, G. Miller 	  9 

14:40 OFF-SHELL EFFECTS IN PION - NUCLEON BREMSSTR.AHLUNG 
Alejandro Edgardo Mariano 	  9 

15:10 Bethe-Salpeter equation on the Light -Front 
J. H. 0. Sales, T. .Frederito, B. V. Carlson 	  9 

Pain6is - 15:45 - 17:00 

Interacao nucleon-nucleon 

P001 TWO PION EXCHANGE NN POTENTIAL AND N — a SCATTERING 
L. A. Barreiro, C. L. Lima, M. R. Robilotta 	10 

P002 Null Plane Model of Proton 
W. 11. B. de Aratijo, J. P. B. C. de M.elo, T. Frederic°  	1.1 

P003 DISINTEGRATION OF THE DEUTERON BY LINEARLY -POLARIZED PHOTONS AT LOW ENERGIES 
V. P. Likhachevi  , M. N. Martins, M. T. F. de Cruz, J. D. T. Arruda-Neto, S. A. .Pa.qchtilc 2  , Yu. A. Kasatkin, 
V. V. Denyak, I. G. Evseev, V. M. Khvastunov, V. B. Shostak  10 

P004 CHIRAL SYMMETRY AND NUCLEON - NUCLEON SCATTERING 
Manoel Roberto Robilotta, Joel Cesar Pupin 	  1.1 

P005 Deformed algebras and chiral symmetry breaking 
Varese Salvador Tirndteo, Celso Luiz Lima   11 

P006 Neutrino trapping in supernova shock wave generation 
H. Rodrigues, M. Chiapparini, S. B. Duarte, V. d'A vile 	  12 



2 	 Apresentaciies dia 02/09/97- XX RTFNB 

ApresentagOes dia 02/09/97 

Cornunicaceies Orais - '14:00 - 15:30 

Estrutura Nuclear 

14:00 UNIVERSALITY IN LOW ENERGY THREE BODY SYSTEMS 
A. E. A. Amorirn, Lauro Tornio, T. Fredcrico 	  13 

14:20 DEFORMATION ALONG THE YRAST BANDS IN THE Z=N NUCLEUS 48Cr AND IN "Cr: THE NEW 
DSAM PROCEDURE NGTB. 
F. Brandolini, S. M. Lenzi, C. A. Ur, D. Bazzacco, S. Lunardi, C. Rossi Alvarez, D. R. Napoli, H. Somacal, 
G. de Angelis, M. de Poli, A. Cadea, C. Fahlander, R. V. Ribas, J. A. Cameron, C. Svensson 	 13 

19:40 Title to be announced 
Krinpotir 	   14 

15:10 STUDY OF THE INNER BREMSSTRAHLUNG 'FOLLOWING THE ELECTRON-CAPTURE DECAY OF 
163Pt 
J. Y. Z. Chives, M. T. F. da Cruz, M. N. Martins, R. T. dos Santos, C. B. Zarnboni, M. M. Ramada, S. P. 
de Camargo, J. A. G. Medeiros, M. M. Hindi 	  14 

Fisica nuclear aplicada 

14:00 THE USE OF THE FLOATING WIRE TECHNIQUE TO TEST TRAJECTORIES IN MAGNETS OF 
ACCELERATORS 
Luciana Reyes fires Kassab, Philippe Gouffon, Marcos Nogueira Martins 	  26 

14:20 Resistivity Measurements of Glasses used in Detectors with Resistive Electrodes 
J. .A. C. Gonsalves, C. C. Rue.no, M. Damy de S. Santos, M. M. Fraga, E. P. Lima, R. F. Marques, A. J. P. 
L. Policarpo 	  26 

14:40 Covariances in deconvolution of multichannel spectra. 
Carlos Takiya, Otaviano A. M. Helene 	  26 

15:10 MEASUREMENTS OF SMALL-ANGLE GAMMA RAY SACATTERING FROM BREAST PHANTOMS 
AND WATER 
M. E. Poletti, 0. D. Goncalves 	  27 

Paineis - 15:45 - 17:00 

Estrutura Nuclear 

P001 TESTING THE DYSON EXPANSION WITHIN THE QUON ALGEBRA 
S. S. A va.ncini, J. R. Marinelli, D. P. Menezes, M. M. Watanabe de Moraes, N. Yoshinaga 	 16 

P002 A simple pairing description of 1 lLi 
Ettore Baldini Neto, Celso Luiz Lima, Mauro Kyotoku 	  2 2 

P003 ISOVECTOR EXCITATIONS BY NEUTRINO SCATTERING IN 160 
B. F. Haas, J. R. Marinelli 	  15 

P004 Density Dependent Relativistic Mean Field Calculations for Semi-infinite Nuclear Matter 
Wellington Comes Dantas, Maria Luiza Cescato 	  24 



XX RTFNB - Programa 
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P005 Relativistic Mean Field Calculations for Asymmetric Nuclear Matter 
Jolt° Batista da Silva, Maria Luiza Cescato 	  23 

P006 The nuclear vorticity 
Elisabeth de Castro Caparelli, Emerson Jose Veloso de Passos 	  14 

P007 WOODS-SAXON POTENTIAL PARAMETRIZATION AT LARGE DEFORMATIONS FOR ODD-
PLUTONIUM NUCLEI 
Fermin Garcia, Maria Lucia Yoneama, Joao Dias de Toledo Arruda-Neto, Joel Mesa, Francis Bringas, Johnny 
Ferraz Dias, Oscar Rodriguez, Fernando Cumin 	  17 

P008 THREE-BODY FADDEEV CALCULATION FOR 11Li WITH SEPARABLE POTENTIALS 
H. Miyake, K. Ueta, G. W. Bond 	  17 

P009 A STUDY OF SHAPE DIFFUSION IN HOT NUCLEI 
B. V. Carlson, F. B. Guiinariies 	  

P010 RELATIVISTIC HARTREE-BOGOLIUBOV APPROXIMATION 
A. C. de Conti, B. V. Carlson 	  25 

P011 A RELATIVISTIC SEPARABLE POTENTIAL TO DESCRIBE PAIRING IN NUCLEAR MATTER 
B. V. Carlson, T. Frederico, F. B. Guimariies 	  24 

P012 Decay of 162 11hm 
Roy Morgado de Castro, Vito Roberto Vanin 	  22 

P013 Directional Correlation of 7-transitions in 76Se 
Sonia Pompeu de Camargo, Gibele Bugno Zamboni, Jose Agostinho Gonga/ves de Medeiros, Manuel Tiago 
Freitas da Cruz, Vito Roberto Vanin 	  15 

P014 DSAM LIFETIMES IN THE DOUBLY ODD NUCLEUS 134Pr 
M. N. Rao, R. V. Ribas, N. B. Medina, M. A. Rizzutto, E. W. Cybulska, J. R. B. Oliveira, F. R. Espinoza- 
Quinones, D. Bazzacco, S. Lunardi, C. M. Petracbe, Zs. Podolyik, C. Rossi Alvarez, T. Scauferla, C. A. Ur, 
R. Venturelli, D. De amnia, G. De angelis, M. De poll, E. Fames, A. Gadea, D. R. Napoli, L. H. Zhu, A. 
Dewald, J. Gableske, P. Von hrentano 	  19 

P015 FIRST EXCITED 2+ AND 3" STATES IN 94,98Mo: PREDOMINANCE OF THE PROTON CONTRIBU-
TION 
G. M. Ukita, T. Borello-Lewin, L. B. Horodynski-Matsushigue, J. L. M. Duarte, L. C. Gomes, M. D. L. 
Barbosa 	  21 

P016 Generalized Loss of Particle and Role Neutron Spectroscopic Intensity in 193 Ru: a Sign of Significant Ditfe-
rences Between the Odd Nucleus and the G.S. of Both Even Neighbors 
M. D. L. Barbosa, J. L. M. Duarte, T. Borello-Lewin, L. B. Horodynski-Matsushigue, G. M. Ukita, L. C. 
Comes 	  17 

P017 HIGH-SPIN STATES IN 143Dy 
J. R. B. Oliveira, M. N. Rao, E. W. Cybulska, N. H. Medina, R. V. Ribas, M. A. Itizzutto, F. R. Espinoza. 
Quinones, D. Bazzacco, C. A. Ur, S. Lunardi, C. Rossi-Alvarez, F. Brandolini, C. Petrache, Zs. Podolyik, 
G. de Angelis, D. R. Napoli, P. Spolaore, A. Gadea, D. de Acuiia, M. de Poll, E. Farnea, D. Foltescu, M. 
Ionescu-Bujor, A. fordachescu, L. Sajo Bohus, A. Ghatterjee, Saxena  IS 

P018 HIGH-SPIN STATES IN 148Tb 
F. R. Espinoza-Quinones, M. A. Rizzutto, M. N. Rao, N. If. Medina, E. W. Cybulska, J. R. B. Oliveira, R. 
V. Ribas, D. Bazzacco, C. A. Ur, S. Lunardi, C. Rossi-Alvarez, F. Brandolini, C. Petrache, Zs. Podolyak, 
G. De angelis, D. R. Napoli, P. Spolaore, A. Gadea, D. de Acufia, M. de Poll, E. Fames, D. Foltescu, M. 
loriescu-Bujor, A. lordachescu, L. Sajo Bohus, A. Chatterjee, A. Saxena 	  20 

P019 HIGH-SPIN STATES IN 79Rb 
S. Salem-Vasconcelos, V. R. Vanin, E. Landulfo, 0. Dietzsch, D. F. Winchell, J. X. Saladin 	 23 

P020 Measurement of directional 7 —' angular correlation in the beta- decay of 188Re 
Marlete Pereira Meira Assungito, luda Goldman, Garabed Kenchian 	  22 



4 	 Apresentaccies dia 02/09/.97- XX R.TFNB 

P021 PRELIMINARY RESULTS FOR THE 157La NUCLEUS 
M. A. Rizzutto, E. W. Cybulska, J. R. B. Oliveira, R. V. Ribas, N. B. Medina, M. N. Rao, W. A. Sea/e, G. 
Zahn, C. FranCla, J. Alcantara-Nuilez, F. R. Espinoza-Quiriones 	  19 

P022 Neutron Star Mass in Relativistic Mean-Field Theory 
I. Cade, M. L. Cescato 	  22 

P023 The 4.7r Charged Particle Telescope Array of the Pelletron Laboratory 
J. A. Alcantara-Ntiiies, J. R. B. Oliveira, E. W. Cybulska, N. II. Medina, M. N. Rao, R. V. Ribas, Al. A. 
Rizzutto, W. A. Seale, G. Zahn, F. R. Espinoza-Quiiioneq, C. Tenreiro 	  18 

P024 The construction of a complex level diagram: the 194 Pt case 
R. IL P. 'Teixeira, I. D. Goldman, M, T. F. da Cruz, E. Browne., A. 0. Macchiavelli, I. Yang Lee, E. R. Norman 
23 

P025 Dipole excitations of low energy in deformed nucleus studied by Nuclear Resonance Fluorescence 
Angela Emilia de Almeida Pinto, Ulrich Kneissl, Reinz-Hermann Pits, Jiirgen Margraf, Herman Maser, Jurgen 
Besserer, Daniela Belie, Alexander Nord, Thomas Eckart, Herrui Krischok, Oliver Beck, Alexander Wolpert . 

16 

P026 Energy Levels in 125 1 from (n,7) and (n,2n) Reactions 
Vilna Xavier de Oliveira, Cibelo Bugno Zarnboni, Jose Roberto Berretta   15 

P027 SPECTROSCOPY OF HIGHLY NEUTRON DEFICIENT NUCLEI AROUND A. 140 
M. N. Rao, M. A. Rizzutto, N. II. Medina, J. R. B. Oliveira, R. V. Ribas, E. W. Cybulska, J. C. Acquadro, 
W. A. Seale, F. R. Espinoza-Quiiriones, D. Bazzacco, C. A. Ur, S. Lunardi, C. Rossi-Alvarez, F. Brandolini, 
C. Petrache, Zs. Podolyik, G. De angelis, D. R. Napoli, P. Spolaore, A. Gadea, D. de Aculia, M. de Poli, E. 
Farnea, D. Foltescu, M. Ionescu-Bnjor, A. lordachescu, L. Sajo Bohus, A. Chatterjco, A. Savena  20 

Fisica nuclear aplicada 

P028 RESULTS OF PRELIMINARY TESTS WITH THE RF BUNCHING SYSTEM 
N. Added, J. C. Acquadro, N. Carlint ■'ilho, L. M. F, Faguncks, M. D. Ferraretto, 0. Liguori Nett), A. 0. R.. 
Moira, 0. B. Morals, E. .F. Pessoa, 0. Sala, U. Schnitter, D. Stucker, A. &ant() de Toledo 	 27 

P029 THE Ko-INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS: AN EXPERIMENTAL CONTRIBUTI-
ONS AND APPLICATIONS. 
Oscar Diaz, Eduardo Herrera, Maria Victoria Manso, Isabel Alvarez 	  28 

P030 THE ACCELERATING STRUCTURE OF THE IFUSP M1CR.OTR.ON 
J. Takahashi, M. N. Martins, J. A. de Lima, A. A. Malafronte, L. Portante, M. T. F. Ha Cruz, 	P. R. 
Pascholati 	  28 

P031 The 3/2+ (3.5 +- 1.0eV) excited state of - 29Th 
0. A. M. Helene, Z. 0. Guimariles F 	  27 

P032 PROGRAMA DE CONTROLE DE QUALIDADE EM RAIOS-X CONVENCIONAL 
Rosangela R. Jakubiak, Hamilton P. da Silva, Serge; A. Paschuk, Hugo R. Schelin, Denise E. H. David, Alvaro 
R. Porto, Aristoteles S. A. de Oliveira, Paulo S. A. de Oliveira, Gustavo Ruble, Cintia L. Gomes, Danyel S. 
Sobel/ 	  30 

13 033 Performance of a Proportional Counter with Resistive Cathode under X-Ray Irradiation . 

C. C. Buono, J. A. C. Gongalves, M. Damy de S. Santos, M. M. Fraga, R. F. Marques, A. J. P. L. Policarpo 
29 

P034 RESULTS OF A BRAGG DETECTOR BUILT FOR THE AMS PROGRAM 
G. M. Santos, R. M. A.njos, P. R. S. Gomes, A. M. M. Maciel, Ft Liguori Neto, J. C. Acquadro, N. Added, 
N. Carlin, N. Medina, M. A. Rizzutto, U. Schnitter, R. Appoloni, M. M. Coimbra 	  29 

P035 CHARACTERIZATION OF POLYCARBONATE NUCLEAR TRACK-ETCHED MEMBRANES BY GAS 
PERMEATION METHOD 
I. M. Yamazaki, L. P. Geraldo, R. Paterson 	  28 



XX RTENR - Programa 	 5 

P036 ISA-to-CAMAC Interface 
David Barg Filho, Renato C. Neves, Vito R. Vanin 	  29 

P037 SURFACES AND JUNCTIONS OF Ge(HP) AND Si(Li) 
P. Rizzo, W. M. S. Santos, E. Bessa Filho 	  30 

P038 Modernization of Second Generation Medical Tomograph on the Base of a Conventional PC. 
Hamilton P, da Silva, Rosangela R. Jaknbiak, Sergei A. Paschuk, Hugo R. Schelin, Denise E. H. David, .Alvaro 
R. Porto, Aristotelcs S. A. de Oliveira, Paulo S. A. de Oliveira, Gustavo Ruhle, Cintia L. Comes, Dauyel S. 
Soho11 	  30 



6 	 Aprrveataciies dia 03/09/97- XX RTFNB 

Apresentaciies dia 03/09/97 

Comunicaciies Orais - 14:00 - 15:30 

Reacoes nucleares 

14:00 LONG-LIVED PRODUCTS OF THE SPALLATION OF " tTe AND nal' Mo BY PROTONS 
P. Perso, P. B. Rios, R. M. Oliveira, J. C. 0. Morel, M. N. Martins, E. B. Norman, M. T, F. da Cruz 	 32 

14:20 Nuclear radii of proton-rich radioactive nuclides near the N=2 line 
0. F. Lima, A. Lepine-Szily, A. C. C. Villari, R. Lichtenthaler, W. Mittig„1. M. Casandjian, M. Chattier, 
M. Lewitowicz, M. Maccorrnick, N. Ostrnwski, J. C. Angelique, A. Orr, G. Audi, A. Cunsolo, A. Foti, C. 
Stephan, T. Sutunkiarvi, L. Tassan-Got, C. Donzeaud, A. Gillibert, S. Lukyanov, D. J. Morrissey, N. A. R. 
M. Sherrill, D. J. Vieira, J. M. Wouters  32 

14:40 Photofission and Multiple Nucleon Photoe:nission of 2"Th at Intermediate Energies 
.7oio Dias de Toledo Arruda.Veto, Vladimir Petrovich Likhachev, Fermin Garcia, Joel Mesa, Ana Cecilia de 
Souza Lima, Marcelo Filadel/h, Sebastitio Sizzziouato, Airton Deppman, Oscar Rodriguez, Fernando Guzman, 
Mandela Tavares 	  33 

15:10 THE DOORWAY EXPANSION METHOD APPLIED TO HEAVY-ION COLLISIONS INVOLVING A 
NEUTRON-RICH EXOTIC NUCLEUS 
A. M. S. Bmitschaft, V. C. Barbosa, L. F. Canto, M. S. Ilussein 	  33 

Paineis - 15:45 - 17:00 

Rcagies nucleares 

P001 ABSORPTION AND TUNNELING EFFECTS - IN ONE- AND TWO-PROTON TRANSFER REACTIONS 
H. D. Marta, R.. Donangelo, D. Tomasi, J. 0. Fernandez Niello, A. J. Pacheco 	  33. 

P002 General Expressions for the Matrix elements of SU(3) Wiper and Majorana Interactions 
J. A. Castillio Alcares 	  37 

P003 S AND D WAVES OF El TRANSITIONS OBSERVED IN TRITON ANGULAR DISTRIBU'llONS FROM 
THE REACTION 7( 7 Li, Oa,  
V. P. Likhachevt, M. N. Martins, J. F. Dias, M. T. F. da Cruz, J. D. T. Arruda-Neto, L. P. Geraldo, 
Sem rnler 	  :36 

P004 MEA.SUREM ENTS OF THE PHOTOFISSION CROSS SECTION FOR. 232Pu IN THE ENERGY INTER-
VAL FROM 5.2 TO 10.8 MEV 
R. Sernmler, L. P. Gerald°, 0. L. Gougaks 	  36 

P005 STUDY OF THE GENERATION AND DECAY OF FISSIONING HYPER.NUCLEI 
S. A. Paschuk, H. R. Schelin, J. .0. T. Arruda-Ncto, V. P. Likhachev, A. V. Glainazdin, V. G. Gorbenko, V. I 
Noga, Yu. M. Ra.nyuk, I. G. Evseev, V. G. Nedoresov, Fermin Garcia, Joel Mesa, Oscar Rodriguez, Fernando 
Guzman 	  36 

P006 Time Scales for Fusion-Fission Reactions 
A. A. P. Suaide, N. Added, W. IL Z. Cardenas, M. M. de Moors, E. M. Szanto, A. Szanto de Toledo, N. 
Carlin 	  35 

P007 Shadow effect on a heavy-ion elastic scattering at very forward angles 
Manabu Ueda, Noboru Takigawa 	  37 



XX RTFNB - Prograrna 

P008 FROM WIGNER DISTRIBUTION FUNTIONS TO CLASSICAL DISTRIBUTION FUNCTIONS 
G. W. Band, M. C. Tijero 	  34 

P009 REACTION CROSS SECTION OF NEUTRON RICH NUCLEI 
R. A. Rego, N. Carlin, I. Licot, N. Added, M. M. de Moura, A. A. P. Suaide, A. Szanto de Toledo, E. M. 
Szanto, C. M. Crawley, S. Danczyk, J. Stasko, M. Thaennessen, H. R. Schelin, J. A. Winger, J. Flock, H. 
Laurent. D. Ilirata 	  37 

P010 Determination of reaction time scales from angular correlation measurements at small relative momenta 
M. M. de Moura, N. Added, W. II. Z. Cardenas, A. A. P. Suaide, E. M. Szanto, A. Szanto de Toledo, N. 
Carlin 	34 

P011 Spontaneous cold fission and cluster radioactivity half lives calculation 
S, B. Duarte, M. Gonsalves, 0. Hoyos, F. Velasquez, F. Guzman 	  38 

P012 Ewan multiplicity calculation near threshold in photonuclear reactions 
S. de Pina, E. C. Oliveira, E. L. Medeiros, S. B. Duarte, M. Con calves 	  38 

P013 The Ion-Ion Potential and Neutron Transfer Processes in the 180 + 58,60Ni Systems at Sub-Barrier Energies 
E. S. Rossi Jr, L. C. Chamon, D. Pereira, C. P. Silva, G. Ramirez 	  39 
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Interacio nucleon-nucleon 

Int eracao nucleon-nucleon 
01/09/97 

SKYRMIONS AND THE 
NUCLEON-NUCLEON INTERACTION 

1. P. CAVALCANTE, M. R. ROBILOTTA 
USP 

We study the main features of nucleons and nucleon-
nucleon interactions in the framework of the Skyrme 
model, based on an effective lagrangian consistent with 
QCD. In this model, baryons are solitons of a chiral 
symmetric theory where mesons interact weakly. Sk-
yrme's lagrangian [1] represents a possible effective mo-
del for strong interactions at low energies, where per-
turbation theory cannot he applied. 
The spherically symmetric solitonic solution of Sk-
yrme's lagrangian, with topological number equal to 
one, gives rise to baryons, such as nucleons and del-
tas. Nucleon-nucleon interactions are easily derived 
from the model in the sudden approximation, by means 
of an ilnsatz for the composite field of two skyrmions. 
Since the skyrmion range is rather short, the so called 
Product Ansatz [2] yields good results for long distances 
between skyrmions. However, the intermediate range 
attraction of the NN potential is not achieved. 
We analyse the advantages and problems of the Product 
Ansalz, and we propose an alternative one. 

[1]T.H.R. Skyrme, Nucl. Phys. 31 (1962) 556 

[2]A. Jackson et al., Nucl. Phys. A432 (1985) 567 

STUDY OF THE REACTION p+p--•d+r+ 
ACCORDING TO CHIRAL 

PERTURBATION THEORY 
C. A. DA ROCHA 

Institute de Fisico Teorica - Sao Paulo 
U. VAN KOI.CK, G. MILLER 

University of Washington - Seattle 

We use power-counting arguments [1,2] as an organizing 
principle to apply chiral perturbation theory, including 
an explicit A, to the p+p d -l-r+ reaction near thres-
hold. There are three lowest-order leading mechanisms 
expected to contribute to the amplitude with similar 
magnitudes: the Weinberg-Tomosawa (WT) term, the 
impulse term, and the A-excitation mechanism. We 
examine formally sub-leading but potentially large me-
chanisms, including S-wave pion-rescattering, the gall-
lean correction to the WT term, and short-ranged con-
tributions. We show that due to the interference bet-
ween S and D waves in the Deuteron final state, the 

Weinberg-Tomosawa is the leading term and practica-
lly reproduces the cross-section data alone; the pion-
rescattering contribution, which is enhanced by off-shell 
effects, has a sign opposite to the A contribution. In 
addition, we have modeled the short-ranged interaction 
using a and w exchange mechanisms, but their contri-
butions revealed small. Our result shows also that in 
the impulse term, the S and D waves add destructively 
and its net result is small. The total amplitude obtai-
ned including all of these processes is found to yield 
cross sections in very good agreement with the data. 

[1]T.D. Cohen, J.L. Friar, G.A. Miller e U. van Kolek, 
Phys. Rev. 053,2661 (1996). 

[2]U. van Kolck, G.A. Miller e D.O. Risks, Phys. Lett. 
6388, 679 (1996). 

OFF-SHELL EFFECTS IN PION -
NUCLEON BREMSSTRAHLUNG 

ALEJANDRO EDGARD° MARIA NO 
Universidad Nacional de La Plata 

Until this moment the rNg reaction has been studied 
within the Soft Photon Approximation, where the total 
amplitude depends only on the elastic AN scattering T-
matrix. Here we propose a dynamical model that treats 
the amplitude to all orders in the photon energy and 
thus permits to investigate the off-shell behavior of the 
irN interaction. In addition to obtain a total gauge in-
variant amplitude, two-body meson exchange currents 
are included. The off-shell behavior of different interac-
tions are compared to each other and with UCLA and 
SIN data. This makes possible to determine the inte-
raction where the approximations involved in the model 
are acceptable, or eventual problems in the behavior of 
the interactions in the off-shell regime. 

Bethe-Salpeter equation on the Light-Front 
J. H. 0. SALES, T. FREDERICO, B. V. CARLSON 

Dcpto. de Fisica, ITA, Centro Tecraco Aeroespacial, Sao 
Jose dos Campos, Sao Paulo 

We study in a bosonic model the two-body Bethe-
Salpeter equation in the ladder aproximation on the 
Light-Front. The ladder comes from the exchange of 
an intermediate boson between the other two. The 
equivalence of the covariant. B.S. equation and the 
Light-Front B.-S. is found when all the intermediate 
states with any number of exchanged boson is allo-
wed in the kernel.. The formal proof of the above 
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statement, is achieved when the kernel of the Bethe-
Salpeter equation is integrated in the light-front energy 
(k -  = k°  k 3 ) in each momentum loop of the itera-
ted equation. The first step corresponds to perform the 
k -  integration in the original Bethe-Salpeter equation. 
The forward propagating intermediate virtual state iu 
the light-front, time appears explicitly, which has at 
most three-particles: the intermediate boson plus the 
other two bosons. In order to generate all light-front 
forward propagating intermediate states with any num-
ber of particles, we iterate the Bethe-Salpeter equation 
as many time as we need. Using this method, we cons-
truct the kernel of the Bethe-Salpeter equation with 
at most four particles in the intermediate state, which 
are composed by two intermediate bosons plus the ot-
her two and corresponds to the one time iterated B. S. 
equation. The truncation of the intermediate propa-
gation in a state with a maximum number of parti • 
ties, breaks the covariance of the 13.-S. equation, Thus, 
increasing the number of particles in the intermediate 
states, the covariance of the Light-Front 13.-S. equation 
should he approached. We made numerical calculati-
ons allowing up to four particles intermediate states, in 
order to study the effect of the high Fock state compo-
nents in the hound two-boson system. 
Work supported by FA.PESP and CNPq. 
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DISINTEGRATION OF THE DEUTERON 
BY LINEARLY-POLARIZED PHOTONS AT 

LOW ENERGIES 
V. P. Larafaciftw l  , M. N. MARTINS, M. T. F. DA 

CRUZ, J. D. T. ARRUDA-NETO 
Institute de Fs'sica da Universidade de Edo Paulo - IFUSP 
Rua do Matti°, Trauessa R.187; 05508-900 Scio Paulo, SP, 

Brasil 
S. A. PASCHUK 2  

Centro Federal de Eduction° Tecnoldgica do Parallel - 

CEFET Curitiba, PR, Brasil 

Yu. A. KASATKIN, V. V. DENYAN, I. G. EVSEEV, 
V. M. KHVASTUNOV 

Kharkov Institute of Physics, Ukraine 

V. B. SHOSTAK 
Kiev Institute of Nuclear Physics, Ukraine 

This work presents results of the deuteron photodisinte-
gration cross section and the E-asymmetry, measured 
with linearly polarized photons on the near-threshold 
energy region. The data are compared with calculati-
ons performed in the framework of the Lorentz-, gauge-
invariant (LGI) and diagrammatic approaches, and the 

Partovi and Laget models. Minimum discrimination re-
quirements for experiments in the low-energy region are 
analysed. 
The experiment was carried out in the direct beam of 
the Kharkov 2-GeV linac. The experimental facility, 
the main characteristics of the beam and some preli-
minary results were described previously. In this work 
only those aspects relevant to this particular deuteron 
experiment will be presented. 
The E-asymnietry data are well described in the frame-
work of the diagrammatic approach for meson exchange 
currents (MEC) with final state interaction (FSI). An 
analogous calculation in the lGI approach slightly ove-
restimates the data. 
The data for d774-(E.,,) are in good agreement with the 
calculation in the LGI approach using the Paris deute-
ron wave function (PDWF). The calculated L Pic, (6'7 ) is 
not sensitive to FSI effects. 
The data of li (E.7 ) for Bp  = 90° are consistent with 
the data obtained with non-polarized photons c•g(E 7 ) 
, for Op  = 0°. Both sets of data agree well with calcu-
lations in the diagrammatic approach using the Bonn 
model and MEC, with and without FSI. These two cal-
culations are indistinguishable in the energy region of 
the measurements. 

lOn leave from Kharkov Institute of Physics and Tech-
nology, Ukraine. 

TWO PION EXCHANGE NN POTENTIAL 
AND N — a. SC ATTERING 

L. A. BARREIRO, C. L. LIMA, M. R. ROBILOTTA 
f/SP 

It has been pointed out [1] that the intermediate corn•• 
ponent of the NN interaction has an outer part, due 
to the exchange of two pions, which is directly related 
to off-shell w N scattering and hence strongly influenced 
by chiral symmetry. In this work we discuss the possi-
bility of obtaining information on the intermediate part 
of NN potential from the study of N scattering. 
The a particle has no spin and isospin and hence cannot 
couple to a single pion. Therefore, it is a rather sui-
table system for the study of the intermediate part of 
the nuclear interaction. When low energy neutrons and 
protons (if we forget the Coulomb barrier) are conside-
red the angular momentum may be used to selc•ct the 
various regions of the potential. 
A relationship between the tail of the two-pion con-
tent of the nucleon-nucleon potential and neutron-alpha 
scattering observables was sought, We calculate the 
energy dependence of the phase shift for S, P, D and F 
waves for the Argone, Bonn, Nijmegen, Paris and SSC 
potentials. A comparison bettwen these potentials exi• 
ting in the literature is under way. The result of this 
comparison will allow to decide with potentials have the 
correct two pion exchange contribution at. intermediate 
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distances. 

[1] G. Brown and D. W. Durso, Phys. Lett. 1335 
(1971) 120 

CHIRAL SYMMETRY AND 
NUCLEON-NUCLEON SCATTERING 

MANUEL ROBERT() ROBILOTTA 
Institute de Fisica, Universidade de Silo Paula 

JOEL CdSAR PEPIN 
Institute de Fisica 'Tedrica, Universidade Estadual Paulista 

We assume that the nucleon-nucleon interaction for low 
and intermediate energies is given just by the exchan-
ges of one and two pions. In the latter case we adopt a 
model based on chiral symmetry and subthreshold pion-
nucleon interaction amplitude, which contains no free 
parameters. Chiral symmetry is very relevant because 
it is the responsible for the organization of various pro-
cesses into autonomous families. This gives rise to can-
cellations in the intermediate pion-nucleon interaction, 
which is the main building block of the nucleon-nucleon 
interaction. The subthreshold pion-nucleon amplitude 
is supplemented by empirical information in the form of 
the Miler, Jacob and Strauss (HIS) coefficients. Pre-
dictions from this model for nucleon-nucleon observa-
bles are calculated in the momentum space and compa-
red with experimental data. 

Null Plane Model of Proton 
W. R. B. DE ARAXT.10, J. P. 13. C. DE MELD 

Thstituto de Fisica, Universidade de Siio Paulo 
T. FREDERIC° 

Depto. de Fisica, ITA, Centro Tdcnieo Acrocspacial, Sao 
Jose dos Campos, Siin Paulo 

We present a calculation of the proton electric form-
factor (GB(9 2 )), using a three quark Faddeev wave-
function in the null-plane[1]. The null-plane wave-
function is obtained from the solution of the Faddeev 
equation with zero-range force acting between the cons-
tituent quarks. No confinement is present in our ef-
fective model. The totally symmetric spatial part of 
the wave-function is obtained numerically in a three-
boson calculation. We use the covariance of the proton 
model under kinematical front-form boosts to calculate 
GE(q2), and compare our numerical results with the 
available experimental data. GE(q 2) scales with q4  in 
the asymptotic region and describes the data for low 
momentum transfers. 
Our attempt, using such a schematical model, is ba-
sed on the notion of relativistic constituent quarks. We 
have also seen examples in the literature [2], in which 
the spontaneous breaking of chiral symmetry creates 
the constituent quark mass. Such a mechanism is mode-
led using the Nambu-Jona-Lasinio contact interaction 
and applied to hadronic phenomenology. 
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Our schematical model has both ingredients together: 
relativistic constituent quark and a contact interaction. 
We test the totally symmetric spatial part of the proton 
wave-function with these two minimal ingredients in a 
calculation of the proton eletric form-factor. The confi-
nement has no explicit role in the model but is buried in 
the effective degrees of freedom. Relativistic dynamics 
is required by the mass of the constituent quarks and 
the size of the nucleon wave-function. The reason for 
choosing a three boson dynamics, is to just concentrate 
on the specific form of the spatial wave-function, and 
obtain insight in to it without the complications arising 
with the use of the spin. 
The relativistic spin structure is planned to be included 
in our model through the Melosh rotation of the spins. 
[3]- 

References 

[1] W.R.B. dc Araujo, J.P.D.0 de Melo and T.Prederico, 
Phys. Rev. C52 (1995)2733. 

[2] II.Vogl and W. Weise, Prog. Burl. Part. Phys, 27 
(1991) 195. 

[3] P.L.Chung and F. Coester, Phys. Rev. D44 (1991) 229. 

Deformed algebras and chiral symmetry 
breaking 

VARESE SALVADOR TIIVIOTEO, CELSO LUIZ LIMA 
IFUSP 

In the beginning of the sixties, Nambu and Jona-Lasinio 
proposed a model based in an analogy with the theory 
of superconductivity [1]. Originally the Nambu—jona-
Lasinio model (NJL) was constructed as a pre-QCD 
theory of nucleons that interact via an effective two-
body interaction. This model is reinterpreted today as 
a theory with quarks degrees of freedom. The Lagran-
gian of the NU model was constructed in such a way 
that the symmetries of QCD are also part of it. One of 
the most important of these symmetries is the chiral sy-
mmetry, which is essential to the understanding of the 
lightest hadrons and is spontaneously broken in QCD. 
The NIL model is very useful for observing how these 
things happen. In particular, the clynammic genera-
tion of fermion masses brought about by the breaking 
of chiral symmetry is one of the features of this model. 
Our porpose is to simulate the explicit chiral symmetry 
breaking by deforming the algebra of the model. This 
idea was motivated by recent applications of q-deformed 
algebras in nuclear structure problems. In this context, 
for instance, the pairing in a single j shell, the spec-
tra of rotational nuclei and the phase transitions in the 
Lipkin model were studied [2]. 
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[1] Y. Namhu and G. Jona-Lasinio, Physical Review 
122, 345 (1961). [2] D. Galetti, J. T. Lunar( B. M. Pi 
rnentel and C. L. Lima, Topics in Theoretical Physics, 
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Neutrino trapping in supernova shock wave 
generation 

H. RODRIGUES 
Centro Federal de Educagao Tecnolispica 

M. CHIAPPARINI 
Universidade do Estado do Rio di .lanciro 

S. B. DUARTE 
Ceram BrasileIn) de Peequisas Fisicas 

V. D'Av [LA. 
Observatorio Nacional - ON 

We investigate the effects of the neutrino trapping 
on the dynamical evolution of the supernova core co-
llapse[1,2]. An equation of state of the cold hadronic 
stellar matter obtained from the relativistic mean li-
eld theory explicitily including trapped neutrinos is ap- 

plied[3,4]. An effective lagrangian description is used 
to the hydrodynamics of supernovae core, allowing us 
to calculate the intensity of the shock wave generated 
during the core -bounce. The basic characteristics of 
the supernova-core collapse, and the shock wave gene-
rated during the bounce, are reproduced. We discuss 
the neutrino trapping through its effect on the equation 
of state properties. 
[1]Ritchtinyer, R.D., "Difference Methods for Initial—
Value Problem?, Interscience Publishers, Inc., New 
York (1957). 
[2]VonNeumann, J. e Richtmyer, R.D., J. Ap. Phys., 
21 (1950), 232. 
[3]Rodrigues, 11., Duarte. S.B., Kodarna, T. e d'Avila, 
V., Astrophys. Spa. Sci., 194 (1992), 313. Rodrigues, 
R., Tee de Mestrado, CBPF(1989). 
[4]Zeldovich, Y.B. e Raiser, Y.P., "Physics of Shock 
Waves and High - Temoceatore llYclrodynarni• Pheno-
mena", Academic Press, Inc. (1970). 
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UNIVERSALITY IN LOW ENERGY THREE 
BODY SYSTEMS 

A. E. A. AMORIM 
FATEC, JAHU 

Lama Tomo 
IFT, UNES!' 

T. FREDERICO 

ITA , CTA 

The general basis for the existence of Efimov states [1] 
is studied, through the use of universal properties of 
three body systems at low energies. The approach is 
parameterized by the two and three body energies in a 
zero-range model. The renormalizability of the quan-
tum mechanical implies that all the low energy proper-
ties of the three-body system are well defined if one 
three-body and the low-energy two body physical 
formations are known [2]. The sensibility of the three 
body binding energy to the interaction properties cornea 
from the collapse of the system in the limit of zero-range 
force, the Thomas effect [3]. 
The recently discovered light halo nuclei brought a lot 
of attention to the search for Efimov states, because 
such systems can be viewed as a three body system 
with two loosely bound neutrons (n) and a core (c) 
which is more bound [4]. In out approach, we use the 
correlation of the value of the ground state energy and 
the first excited Efirnov state, and find the set of values 
of the n— n and n— c energies that allows the existence 
of at least one excited Efimov state. Considering the 
available data, we conclude that 20 (7 is the strongest 
candidate for having one excited Efimov state, with a 
binding energy below 14 KeV relative to the lowest scat-
tering threshold [5]. Our calculation and the available 
data exclude the possibility of having Efimov states in 
any other light halo nuclei known to us, like "Li, 1213 e,  

18C or oxygen isotopes. 

[1] V. Efimov, Phys. Lett. B33, 563 (1970). 

[2] S. K. Adhikari, T.Frederico and I.D. Goldman, 
Phys. Rev. Lett. 74, 487 (1995). 

[3] L.H. Thomas, Phys. Rev. 47, 903 (1935). 

[4] C.A.Bertulani, L.F. Canto and M.S.Hussein, Phys. 
Rep. 226, 281 (1993); P.G. Hansen, A.S. Jensen, 
and B. Janson, Aunu. Rev. Nucl. Part. Sci. 45, 
591 (1995). 

[5] A.E. A. Amorim, T. Frederica and L. Tornio, sub-
mitted for publication. 
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DEFORMATION ALONG THE YRAST 
BANDS IN THE Z=N NUCLEUS "Cr AND 
IN 80 Cr: THE NEW DSAM PROCEDURE 

NGTB. 
F. BRANDOLINI, S. M. LEtni, C. A. UR, D. 

BAZZACCO, S. LUNARDI, C. ROSSI ALVAREZ 
Digartiniento di Fisica dell'Universita di Padova and 

INFN, Padova, Italy 

D. R. NAPOLI, E. SOMACAL, G. DE ANGELIS, M. 

DE POLI, A. GADEA, C. PAHLANDER 

MEN, Laboratori Nazionali di Legnaro, Legnaro, Italy 

R. V. RIBAS 

Institute de Fisica, Universidade de Sito Paulo, Brazil 

J. A. CAMERON, C. SVENSSON 

Department of Physics and Astronomy, Mc Master 

University, Hamilton, Canada 

The N=Z nucleus 48Cr has been recently experimenta-
lly studied [1] because it is considered of special inte-
rest to understand the properties of the T=0 neutron-
proton interaction. Moreover, being at the middle of 
the 1f712 subshell it is suitable to study the interplay 
between single particle and collective degree of freedom. 
Shell model calculations in the full f-p shell [2] repro-
duce very well the energies of the yrast positive level 
band op to the band termination at 1=16, where the 
8 1f7/2 neutrons and protons fully align. Consistently 
the B(E2) values are predicted to he quite large at low 
spins ((3 = 0.25) and to smoothly decrease approaching 
the band termination (# 0.10). Very recent experi-
mental B(E2) values are however in disagreement with 
this picture [3]. 
The aim of this contribution is to present the results of 
further DSAM lifetime measurements, performed with 
much higher statistics. Moreover a lineshape analysis 
has been made, while the centroid analysis of ref. 3 
could be affected by systematic errors. A new DSAM 
procedure named NGTB ( Narrow gate on Transiti-
ons Below) has been used for the first time in order to 
avoid any influence of the sidefeeding. In parallel with 
the analysis in "Cr also a similar analysis in the more 
efficiently populated nucleus "Cr has been made. 
We have populated "Cr in the reaction 28Si(28Si,2a) 
at 115 MeV. The target consisted of 0.8 mg/em 2  of 
28Si on 15 mg/cm2  of Au. The lifetimes of transitions 
of 3032 keV (16+ 14+), 1869 keV (14+ 12+), 
1347 keV (12+ 	10+), 1874 keV (10+ —+ 8k), 1743 
keV (8+ 	6+), 1585 keV (6+ —o 4+) and 1106 keV 
(4+ -- 2+) have been determined. 
For the lineshape analysis a modified version of the 
MonteCarlo code LINESHAPE [4] has been used. The 
analysis of the 1874 keV transition was particularly cri-
tical, because it is mostly populated by the rather slow 
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1347 keV transition and it overlaps with the 1869 keV 
one. The NGTB procedure was decisive to determine 
its lifetime, as well as for extending the lifetime measu-
rement to the 1743 keV and the 1585 keV transitions. 
Data will be presented also for lifetimes in the negative 
parity sideband in "Cr as well as for the yrast band 
in "Cr. A good agreement has been generally found 
with the Shell Model predictions both for the B(E2) 
and the N( M1) values. This stresses the high quality 
of wave functions obtained recently with Shell Model 
calculations. 

[1]S.M. Lanai et al., Z. Phytt. A 354 (1996) 117 

[2] F. Cannier el el., l'hyn. Rev. Lett. 75 (1095) 2466 

[3]J.A.Cameron et at., Phys. Lett. B 387 (1996) 266 

[4]Lineshape Code. I. C. Wells and N. Johnson, Re-
pert No ORNI,-6689(1991)44. 

in diameter. 11 was irradiated with neutrons at a flux 
of 10 13  cm 2s -1  for 52 days and let to cool down for 
eight months. The remaining activities were 100 pCi 
of 103  Pt (half-life 50 yr) and 15 pCi of 1321r (half-life 
74 d), the latter coining from (n, 7) reactions on a small 
content (-0.4 ppm) of Ir. We have used a radiochemis-
try method to reduce the Ir contents of the source by 
two orders of magnitude. The resulting Pt compound 
will be dissolved in a plastic scintillator 3-ram thick and 
i13 min in diameter. Since :►bont 95% of the photons 
coining from the 1021r decay are in coincidence with a 
fast electron, the signal of the latter in the plastic will 
be used in anti-coincidence with the signal of the. MEC 
photons, caught in a Ge x-ray detector. We have perfor-
med simulat ions of the, efficiency and absorption effects 
in the detection geometry and the absolute efficiency 
calculated is about 6% in the energy range of interest. 

Title to he announced 
F. KRMPOTR: 
Univ. La Plata 

STUDY OF THE INNER 
I3REMSSTRAHLUNG FOLLOWING THE 
ELECTRON-CAPTURE DECAY OF 193Pt 

J. Y. Z. CnivEz, M. T. F. DA CRUZ, M. N. 
hiniernes, R. T. DOS SANTOS 

Institute de Fisica da Universidade de Sao Paulo - 

Rua do Matdo, Travessa R 187, 05508-900 Sao Paedo, SP, 

Brasil 
C. B. ZAMHONI, M. M. HAMADA, S. P. OR 

CAMARGO, .1. A. G. MEDRIROS 
Institute de Pesquisas Enenyfticas a Nucleates - 

IPEAVCIVEN Rua do Mateo, navessn R 400, 05.508-900 
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We are measuring the inner bremsstrahlung photons 
emitted in some of the electron-capture decays of 13"Pt 
(IBEC). Due to its low Q -value (61 keV) '"Pt does not 
undergo K-capture (from 18 1/2  shell). While the ove-
rall agreement between theory and experiment is about 
5 to 10% for this kind of experiment, 133 I't shows an 
anomaly, where a hydrogenoid-type calculation is the 
only one to produce good agreement, apparently for-
tuitous. This work is an effort to improve the quality 
of the experimental data available in order to investi-
gate the origin of this anomaly and to improve the limit 
of the electron-neutrino mass. 
The source was prepared with 0.87 g of 99.999% pure 
Pt in metal form, shaped as a 5-cm long wire, 1 min 
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The nuclear vorticity 
ELISABETH DE CASTRO CAPARELLI 

UPSCAR 
EMERSON Josg. VELOSO DE PASSOS 

USP 

The electron scattering by nuclei gives information 
about its distribution of charge and current.For a given 
multipole we have four quantitice,one charge density 
multipole and three components of the current density 
multipole.The components of the current are not in-
dependent ,since they are related to the density by the 
continuity equation. These observations piaseS the (titra-
tion of bow to find two independent quantities to cha-
racterize the current distribution of nuclei. In reference 
one, a such quantity is introduced, the nuclear vorticity. 
In our work we have shown that we can split the cur-
rent as the sum of an irrotational and a vortical current, 
whose source is the nuclear vorticity. The former is en-
terily fixed by the continuity equation, while the later 
is unconstrained by it. We show how to extract expe-
rimental information about the nuclear vorticity from 
the experimental data on the longitudinal and trans-
verse form factors. This is done for the transition to 
the ./` = 2+,T=1 state in 12C with excitation energy 
equal to 16.11 Mev. We also show how to calculate 
theoretically the nuclear vorticity considering the tran-
sition to the Jr = 3- ,T=0 state in 130 with E„=6.13 
Mev, described by the RPA. In both cases we compare 
the components of the vortical and irrotational currents 
and we investigate if its relative importance is connec-
ted to the collectivity of the state. 
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ISOVECTOR EXCITATIONS BY 
NEUTRINO SCATTERING IN 160 

B. F. Haas, J. R. MARINELLI 
Depto de Fisica - UFSC 

The use of the weak interaction as a tool to understand 
hadronic structures, has been proved a very useful and 
reach technique [1]. By the other hand, the growing 
of the available experimental facilities using neutrinos 
as a probe [2], bring us some motivation to better un-
derstand the type of new information that we can infer 
from the corresponding reaction. The cross-section for 
the neutrino scattering through a hadronic target can 
generally be given in the form [1]: 

(do- ) 	(do,•\  direct 	du\ 

df2 	dC2 )v,ri 

where the direct term can be written as a function of the 
usual eletromagnetic form factors and the interference 
term depends also on the so-called axial form factors; 
the Tsign refers to the neutrino or antineutrino projec-
tile respectively. Our main interest is to investigate the 
role of the second term for a certain kind of excitations 
in a nucleus. Specifically, we are interested in isospin 
excitations from a even-even nucleus, once in this case 
the part of the cross-section which depends on the axial 
form factors should be more sensitive 
Using the Tamm-Dancoff [3] model ands harmonic os-

cillator basis, we calculate the inelastic neutrino ( an-
tineutrino ) scattering form factors, from which we arc 
able to build up the above cross-section. In order to 
achieve that goal, we use a non-relativistic approxima-
tion for the nuclear current in order I/M , where M 
is the mass of the nucleon. A numerical application 
is then made for the isovector excitations in the 160 
nucleus. 

[1]T.W. Donnelly and R.D. Peccei, Phys. Reports 
50,01 (1979) 1 

[2]C. Athanassopoulos et al, Phys. Review C 55, n 64 
(1997) 2078 

[3]T.W. Donnelly and G.E. Walker, Annals of Physics 
80 (1.970) 209 

Energy Levels in 1291 from (n,7) and (n,2n) 
Reactions 

VANIA XAVIER DE OLIVEIRA, CIBELE BUG NO 

ZAMBONI, Jose ROBERTO BERRETTA 
IPEN/CNEN, Sao Paulo 

The low-energy levels of 1291 were investigated 
using 7-sources obtained from izsTe(nmizsTe and 
136Te(n,2n) 129Te nuclear reactions. The singles spec-
tra were taken using a Ge(Li) detector of 45 cm' 
(FWIIM=1.89 keV) and a 671 ORTEC amplifier. Two 
different methods were employed for the production of 
129Te sources. The first one involved the irradiation 
of the enriched telurium (96% for 126Te) with thermal 
neutrons flux of 10 13  n.cm2 .s" at the lEA-R1 reactor. 
Using this procedure it was possible to study the 44-
decay of 129Te (T112=70 minutes). The second method 
was the irradiation of natural telurium (with 33,8% of 
1146Te isotope) with 14MeV neutrons at van de Gra-
aff accelerator at IPEN. In this experiment, a series of 
7-rays from the both reactions, in the range from 20 
keV to 2.5 MeV, were recorded during 60 hours of live 
counting. In order to identify the origin of 7-rays, spec-
tra were accumulated through four sucessive half-lives. 
The energy and relative intensity of the 7-rays have 
been determined and the results from /3 -  decay and 
the (n,2n) nuclear reaction were compared. Among the 
total number of 7-transitions observed, several of them 
were observed for the first time. In addition, a number 
of 7-transitions previously attributed were confirmed. 

Directional Correlation of 7-transitions in 76Se 
SONIA POMPEII DE CAMARCO, CIBELE BUGNO 

ZAMBONI, Jost AGOSTINHO GONQALVES DE 
MEDEMOS 

IPEN/CINEN, Sao Paulo, Brasil 
MANUEL TIAGO FREITAS DA. CRUZ, VITO ROBERTO 

VANIN 
IFt/SP, Sao Paulo, Brasil 

The directional angular correlation of coincidence 7-
transitions in 76 Se has been measured following the 
decay of 76Se using a HPGc spectrometer. The radio-
active samples of 76Se were obtained by neutron acti-
vation of 99.99% pure natural As, in metal form, in the 
IEA-R1 reactor at Sdo Paulo, Approximately 5mg of 
As were irradiated in a flux of 10 13  neutrons.cm2 .s' for 
three minutes.The 7 — 7 spectrometer consisted of two 
hyperpure Ge detectors. The fixed and the movable 
detectors had volumes of 90cm3  and 60cm3  respecti-
vely. Each detector had a 1cm thick conical lead shi-
eld, in order to prevent true coincidences arising from 
compton-scattered 7-rays. The measurements were car-
ried out at angles of 90 6 , 1206 , 150 0  and 180 ° . A con-
ventional fast-slow coincidence circuit, with a time re-
solution of line in the range from 200kcV to 3.0MeV, 
has been used. Two equalized hardware gates were set 
on the timing spectrum, to tag the coincidence events 
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either as true or chance. For each master gate three 
parameters, the energy of both detectors and the coin-
cidence tag, were recorded with a CAMAC input re-
gister, assisted by a MBD-11 microprocessor, connec-
ted to a PDP-11/84 computer. The measurements 
were made on 15 direct and 4 skip cascades, for the 
first time. Based on the angular correlation results 
it wns possible to determine the multipole mixing ra-
tios. for 10 transitions: 6(402) = —0.07±0.07, 6(456)=-
0.06±0.07, 6(472) = — 0.7911 6(571)=0.75±0.05, 
5(575) = 1.79!1:11, 6(695) = 0.40111 6(809) 
0.57111, 6(980)=-0.270.02, 6(1232) = 1.48±0.23 and 
6(1956) = 0.661 ..1'7. The present results show that 
a large number of 7 transitions have considerable Mi 
admixtures which are difficult to explain in terms of 
simple vibrational model. More refined models which 
take in to account the interaction between collective 
and quasi-particle effects may be necessary to explain 
the level structure in this nucleus. 

TESTING THE DYSON EXPANSION 
WITHIN THE QUON ALGEBRA 

S. S. AVANCINI, J. R. MARINELLI, D. P. MENEZES, 
M. M. WATANABE DE MORASS 

Dept(' de Fisica - UFSC 
N. YOSIIINAGA 

Saitama University - Japan 

In the literature fermion pairs are replaced by bosons in 
many known physical situations [1,2]. This is normally 
performed with the help of boson mappings, that link 
the fermionic Hilbert space to another Hilbert space 
constructed with bosons. Of course boson mapping te-
chniques are only useful when the Pauli Principle effects 
are somehow minimized. 
In this work, the quon algebra [3], which interpolates 
between the Bose and Fermi algebras and depends on a 
free paramenter q, is used to generate a deformed Dy-
son boson expansion of the quadrupole operator, which 
is written in terms of three deformed bosons (s, d and 
g bosons). Then we obtain a quadrupole-quadrupole 
harniltonian, for a single j-shell, in terms of this defor-
med bosonic operator. The hamiltonian is diagonalized 
and its eigenvalue,s are compared with the ones obtai-
ned from the fermionic quadrupole-quadrupole hamil-
tonian. The deformation parameter helps in achieving 
the correct energy levels, what cannot he encountered 
in practice with the usual non-deforrned Dyson expan-
sion. We use a kinematical criterion for fixing the q 
parameters by invoking the Pauli principle and com-
pare the results to a best fitting procedure. 

[1] S.T. Beliaev and V.G. Zelevinsky , Nucl. Phys. 39 
(1962) 582 ; E.R. Marshalek , Nucl. Phys. A161 
(1971)401, Nucl. Phys. A224 (1974) 221 

[2] F.J. Dyson , Phys. Rev. 102 0956) 1217 

[31 O.W. Greenberg , Physical Review 1) 43 (1991) 
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Dipole excitations of low energy in deformed 
nucleus studied by Nuclear Resonance 

Fluorescence 
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MARGRAF, HERMAN MASER, JORGEN BESSERER, 

DANIELA BELIC, ALEXANDER NORD, THOMAS 
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ALEXANDER WOLPERT 

Institut fiir Strahlenphysik der Universitiit Stuttgart 

Low lying dipole excitations in heavy nuclei are of ac-
tual interest in modern nuclear structure physics. Low 
energy photon scaterring off bound states, nuclear reso-
nance fluorescence (NRF"), represents a higly selective 
and sensitive tool to investigate low lying dipole exci-
tations in heavy nuclei. The discovery of a new class 
of enhanced magnetic dipole excitations in heavy de-
formed nuclei in high resolution electron scattering ex-
periments by Richter and coworkers in 1984 initiated 
a large number of both experimental and theoretical 
work( 1,2 ). Numerous electron and photon scattering 
experiments were performed to study the systematics 
and fragmentation of this low lying, predominantly or-
bital mode often referred to as "Scissors Mode"N. On 
the other hand, the recent NBF experiments also pro-
vided evidence for enhanced, low lying electric dipole 
excitations in deformed nuclei. The structure of the 
corresponding j"= states is discussed in terms of 
different collective excitation modes or two-phonon ex-
citations. 

For odd mass nuclei by far less spectroscopy data are 
available. Recently the Stuttgart group succeeded to 
observe the first time the 'Scissors Mode" in an odd de-
formed Nucleus ( 163 1)y)(4). Similar results were found 
for 151 Dy, however, in ' 57Gd the dipole strength is com-
pletely fragmented into more than 80 transitions( 5). 
This different behavior of diverse odd deformed nuclei 
of the Rare Earth region is completely non understood. 

The purpose of these work is further investigation of 
the dipole strength distributions in odd-mass nuclei 
( 153Eu). The En nuclei are odd proton isotopes in bet-
ween the well studied, deformed Gd isotopes and the 
already investigated Sm isotopes showing a transition 
from spherical to deformed nuclear shapes. NRF expe-
riments in ' 53Eu were performed at the bremsstrahlung 
facility installed at the Stuttgart Dynarnitron accelera-
tor, to contribute more experimental data on the dipole 
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strength distributions in deformed, odd-mass. The ob-
jective was to find explanations for the different beha-
viour of diverse odd deformed nuclei of the Rare Earth 
region. 

BIBLIOGRAPHY 

[1] A. Richter, Nucl. Phys., A507(1990)99c. 

[2] U. Kneissl, Prog. Part. Nucl. Phys., 28(1992)331. 

[3] D. Boble et al, Phys. Lett., 1378(1984)27. 

[4] I. Bauskc et al, Phys. Rev. Lett., 71(1993)975. 

[5] P. von Brentano et al, Institut fiir Strahlenphysik 
der Universitat Stuttgart, Annual 

Report (1993)p.12. 

THREE-BODY FADDEEV CALCULATION 
FOR "Li WITH SEPARABLE POTENTIALS 
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The halo nucleus 11  Li is treated in the three-body mo-
del corresponding to 5 Li core plus two valence neutrons. 
For the neutron-core interaction we use a separable po-
tential with a modified gaussian form factor in momen-
tum space which acts on the 81/2, P3/2 and P1/2 waves. 

We make the assumption that the neutron-'Li system 
has a p1/2 resonance of width 0.15MeV at an anergy 
0.42 MeNr[i ] and also a 5 1 / 2  virtual state correspon-
ding to a scattering length -20fm[2]. The Pauli forbid-
den 1$1r2 and 1p 3/2 single particle states arc projected 
out by adding repulsive terms to the 81/2 and P3/2 Po-
tentials. The interaction between the valence neutrons 
is described by separable potentials of the Yamaguchi 
type which act in the 'S0 and the 3 P1 states. By solving 
the Faddeev equations, we obtain the correct experi-
mental value (0.293MeV) for the 2n separation energy. 
However, the calculated width of transverse momentum 
distribution of the core was found 80 MeV/c which is 
too large compared to the experimental width. 
References: 
1) H. G. Bohlen et al., Z. Physik A334, 381(1993). 
2) M. Zinser et al., Phys. Rev. Lett. 75, 1719(1995).  

Generalized Loss of Particle and Hole Neutron 
Spectroscopic Intensity in 1-33Ru: a Sign of 
Significant Differences Between the Odd 

Nucleus and the G.S. of Both Even Neighbors 
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BoRELL0-LEwisr, L. B. 
HORODYNSKI-MATSUSHIGUE, G. M. UKITA, L. C. 

GOMES 
Instituto de Fisica da Universidade de Sao Paulo 

The Re isotopes, known for several transitional aspects, 
have been the subject of detailed investigations through 
(d,p) and (d, t) reactions performed by the Nuclear 
Spectroscopy Group. The excellent beam and energy 
resolution characteristics of the Pelletron — Enge-split-
pole -spectrograph facility, and the use of nuclear emul-
sions as detectors, normally allow for high-quality data. 
Recent 102Ru(d,p) results [1] complement the informa-
tion already gathered by the Group and put 1°1 13..0 and 
1"Ru, now, on the same footing. With respect to for-
merly available pick-up data. below 3.8 MeV about 40 
levels were detected for the first time and, for trans-
ferred angular momenta I < 3, the detection limits lie 
mostly below 2% of the total expected spectroscopic 
intensity. Nevertheless, in contrast with lal Ru, where 
about 90% of the valence strength was found [2], in 

13Ru the (d, p) and (d, t) reactions located only 53% 
and 63% of the re spective valence hole and particle 
expectations. The strengths are, furthermore, widely 
spread among all available valence orbitals, neither of 
which is completely full or empty. For each 1, the lo-
west excitation is always favored. The loss of ti  40% of 
the neutron quasi-particle strength is well outside ex-
perimental uncertainties and is taken to also indicate 
the small similarity of the odd nucleus with the ground 
states of its even neighbors plus or minus one neutron. 
As already put forward [2], the other important indi-
cator for this fact is the small population of the 103Ru 
ground state in both one neutron transfer reactions. 

[1] M.D.L.Barbosa, Master thesis, Instituto de Fisica 
da Universidade de Sao Paulo, (1997). 
[2]T. Borello-Lewin, .1. L. M. Duarte, L. B. Horodynski-
Matsushigue and M. D. L. Barbosa, Contribution to 8th 
International Conference ou Nuclear Reaction Mecha-
nisms, Varenna, Italy, 1997. 
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The theoretical description of the fission process is one 
of the oldest and most challenging problems in nuclear 
physics. Although many aspects of the fission process 
have already been clarified, a consistent description of 
fission has not yet been found. The difficulty resides in 
the fact that the fission process involves both collective 
aspects and single-particle effects superimposed on a 
macroscopic background. In this way, it is necessary to 
pay an special attention to the parametrization of the 
spin-orbit part of the deformed nuclear potential, in or-
der that quantitative description of the properties, as 

e.g. fission isomeric states. Therefore, a good parame-
trization of the spin-orbit part of the potential, which 
is mostly responsible for the single-particle level order, 
it is extremely important. in the analysis of properties 
of the singles.-particle, levels at deformations correspon-
ding ro the secondary minima of the total energy sur-
faces of fissioning nuclei. In this work, the structure 
of the single-particle levels in the secondary rnimitna of 
237 . 239,241 Pu fissioning nuclei is analysed with the help 
of an axially-deformed Woods-Saxon potential. The nu-
clear shape was parametrised in terms of the Cassinian 
ovaloids. The parametrization of the spin-orbit part of 
the potential in the region corresponding to large de-
formations (second minimum), which only depends on 
the nuclear surface area Bs, was obtained. ) and r a_.0 
parameters were found to be dependent on Bs. With 
this parametrization we were able to reproduce success-
hilly the spin (parity) and the energies of the rotational 
band built on the 80 isomeric state in 299Pti and also 
to make a spin assignment for both isomer states in 
237P11 and 241 Pu. 

HIGH-SPIN STATES IN H3Dy 
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The present work is a report on the level scheme of the 
143Dy nucleus obtained from a 7-ray spectroscopy mea-
surement of the 54 Fe + 92 Mo reaction, at 240-MeV inci-
dent beam energy. The data were taken with the GASP 
array of the Laboratori Nazionali di Legnaro, consisting 
of 40 high-efficiency Compton-suppressed LlpGe detec-
tors with a 80-element BC-10 multiplicity filter, toget-
her with the multi-telescope Si-Ball (ISIS) for charged 
particle channel selection and the recoil mass spectro-
graph (RMS) CAMEL. The target used was an as 1.0 
mg/cm 2  thick 92 Mo foil. The experiment main purpose 
was the measurement of " I Dy which is however very 
weakly populated in the reaction (see contribution of 
M. N. Rao et al. to this conference). The 2pn (143Dy) 
channel is among the 6 most intense channels. There 
is no previous measurement of the high-spin states of 
143Dy. The assignment of the transitions to this specific 
channel was doue by first sorting a 7-7 matrix gated on 
mass 143. The only other channel produced with mass 
143 is 143Tb,  which is actually the strongest channel of 
the reaction (3p) and has several transitions known (see 
contribution of F. R. Espinoza Quinones et al. to this 
conference). The charged particle data then allows for 
the assignment of a specific fold of protons and alfas, 
therefore unequivocally identifying the 7 rays belonging 
to the 2pn channel. Several new transitions-were assig-
ned in this way to I 49Dy. The energies of the srongest 
lines are: 495, 384 724, 221, 753, 307 and 1151 keV. 
In the As 140 mass region, the hi  'is subshell or both 
protons and neutrons is of importance to the high-spin 
state structure. Also the stung deformation driving 
43/2  neutron orbit has been observed to generate ro-
tational bands in nuclei of this region (for example, the 
isotonc 14IGd [1]). The search for bands based-on these 
configurations in 143Dy is under way. 

[1] S. M. Mullins a al., Phys. Rev. C47(1993)R2447. 
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The 7—ray spectroscopy of low- Z or very neutron def-
ficient evaporation residues is difficult because of the 
strong competition among 'many open channels. Ty-
pically 2 to 5 particles are evaporated from a heavy-
ion reaction, in varied combinations of protons, neu-
trons and alpha particles. A partial selection of speci-
fic channels can be made by detecting and identifying 
some or all of the evaporating particles. Indeed, the use 
of ancillary charged particle detectors can significantly 
improve the resolving power of 7—ray spectrometers. 
The 7-spectroscopy group of the Pelletron Laboratory 
has interest in the study of the A re. 100, 80 and 30 
mass regions, which would benefit from the use of an 
evaporation-- channel filtering device. The design of the 
4x charged particle telescope array was based on ref. [1]. 
The system consists of 12 plastic phnswich scintillators, 
disposed in the geometry of a dodecahedron. Each te-
lescope consists of a 0.1 mm thick fast scintillation de-
cay time BC400 AE detector bonded to a 10 mm thick 
long decay time BC444 E detector. The detector faces 
have a diameter of 2 cm. The E and AE detectors are 
bonded toghether by the vacuum heat press technique 
[2] in order to avoid the presence of a dead layer. The 
target chamber also serves as a support for the detec-
tors, and has the shape of a semi-regular polyhedron 
with 12 pentagonal and 20 triangular faces. It is built 
of aluminum and is divided in two hemispheres excava-
ted inside in order Lo minimize 7 ray absorption. The 
chamber has a diameter of 14 cm, and the whole sys-
tem, including the photornultiplier tubes and bases fits 
in a sphere of 24 cm diameter. The 7-ray detectors are 
aligried with the triangular faces. 

[1]F. Lidiin, Nucl. Inst. and Meth. A288 (1990), 455 

[2]C. A. Pruneau et at, Nucl. Inst. and Meth. A297 
(1990), 404. 
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Information on highly deformed rotational hands in the 
doubly odd ' 34Pr nucleus has become available quite 
recently [1,2]. One of these bands has been tentatively 
assigned a r(h1v2) 3  0 v(I7/2,119/2) configuration, while 
the other band is thought to have the ir(h1i/2) 3  0 vilayz 
configuration. Thus one would expect the latter band 
to have a more deformed nuclear shape. 
The present note reports on a Doppler broadened lines-
hape lifetime measurement in this nucleus. The rotatio-
nal bands in 134Pr were populated by bombarding a Au-
backed 110Pd target with 130 MeV 'Si beam provided 
by the XTU tandem accelerator of the Legnaro Natio-
nal Laboratory. The GASP array, BOO inner ball and 
the multi-telescope particle detector ball (ISIS) were 
utilized in order to select the proton gated events. Data 
were of sufficiently good statistics to obtain dean gated 
spectra for the positive parity E2 band. The Doppler 
broadened lineshapes for a cascade of 6 transitions in 
this band were fitted for 5 of the 7 rings of detectors 
(36°, 60°, 90°, 120° and 146") in the GASP array. The 
analysis of data was performed with the computer code 
LINESHAPE [3], assuming rotational-band side feeding 
for each of the levels of interest. The slowing down 
of the Pr recoiling nuclei was described with two sets 
of electronic stopping, viz., shell-corrected Northcliffe-
Schilling and Ziegler's heavy-ion stopping powers. 

[1]K.Ilausehild et.al ., Phys. Rev. C50 (1994) 707 
[2]C.M.Petrache et al., Nucl. Phys. A.597 (3996) 106 
[3]J.C.Wells and N.lt.Johnson, OItNL Report (1996), 
unpublished 
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With the view of extending the systematics of odd and 
odd-odd nuclei in the A = 130 - 140 mass region to-
wards to the N = 82 closed shell, the nucleus 1"La was 
studied with in-beam -y-ray spectroscopy. The nuclei 
in the region Z 50 and N re 80 are of interest beca-
use the Fermi surface is close to the top of the neutron 
intruder h1112 subshell and the proton one is at the 
bottom of this subshell, causing a competition between 
the neutron oblate and proton prolate driving forces. 
This competition can result in shape transitions from 
prolate (N = 73) to triaxial or oblate (N = 80) forms. 
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The isotopes Z= 57, 131) . 132' 134' 136 ' 1361A [1,2,3,4], were 
studied by this group during the last years. At low 
spins these nuclei are 7-soft with moderate quadrupole 
deformation (32 0.2). 
The 137La nucleus has been produced in the 430Te 
11 B fusion reaction at 49 MeV beam energy. The beam 
was provided by the Pelletron Tandem Accelerator of 
the University of Sao Paulo. The experiment was per-
formed using the GBR [5] array consisting of 4 FIPGe 
detectors and a multiplicity filter of 7 Na! scintillators 
(6 of 3"x3" and 1 of 4"x4"). Two detectors are Ortec 
GMX of about 20% efficiency with BGO Compton sup-
pressors while the other two are Canberra REGe with 
60% efficiency. Events were collected when at least 2 
Ge detectors and 1 scintillator detector fired in coin-
cidence. Approximately 12x10 7  7-y coincidence events 
were recorded. The data have been sorted off-line into 
a symmetrized matrix and is being analysed. The pre-
liminary level scheme for 137La obtained in this work 
was extended to much high energies as compared to the 
first scheme proposed by Kortelahti [6]. Several new 
structures were observed, one of them populating the 
already known 360ns (IT` = 19/2 — ). Careful analysis 
of the data is being performed in order to clarify the 
character of these structures. 

[1] M.A. Rizzutto, Thesis, Laboratorio Pelletron, De-
partamento de Fisica Nuclear, Universidade de Sao Pa-
ulo, Brasil 1989, unpublished. 
[2],I.R.B. Oliveira et al., Phys. Rev. C39, 2250 (1989). 
[3]J.R.B. Oliveira et al., Phys. Rev. C45, 2740 (1992). 
[4]M.A. Rizzutto at al., X VII Reunido de ?baba/ho de 
Fisica Nuclear no Brasil - 1994. 
[5]Annual Report - University of Sao Paulo - Nuclear 
Physics Department - 1996, pg. 63. 
[6]M. Koertelabti et al., Nucl. Phys. A376, 1 (1982). 
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Data on the structure of nuclei in the neighbourhood of 
the proton drip line are scarce since these nuclei, situ-
ated far from the stability valley, are hard to produce 
and study. We have used the 
34Fe k 92Mo reaction at 240-MeV incident beam 
energy, in order to investigate neutron deficient nuclei 
in the A rs 140 mass region. 
The incident beam was obtained with the XTU tandem 
accelerator of the Legnaro National Laboratory, Leg-
naro, Italy. The multi-detector array GASP, consisting 
of 40 high-efficiency Compton-suppressed HpGe detec-
tors and the 80-element BGO multiplicity filter, was 
used for obtaining gamma-ray double and triple coin-
cidence spectra. The 40-telescope Si ball (ISIS) per 

 information on the type and multiplicity of' the 
charged particles emitted, while the recoil mass spec-
trograph (CAMEL) allowed mass identification. 
The following 3 and 4 particle reaction channels were 
strongly populated: 1.43Tb ,  140,142Gd,  143Dy.  Prelimi-
nary results on the high-spin states seen in 143Tb in the 
present work are described elsewhere in this report. Se-
veral gamma transitions have been assigned to belong 
to the 2pu channel 143 Dy. Previous to this work no 
information was available on the spectroscopy of this 
nucleus. The 3pn channel leading to 142Tb has a large 
predicted cross section. No data on high-spin states in 
this odd-odd nucleus is known in literature. Among the 
other nuclei predicted to be populated at this incident 
energy, by statistical model codes (CASCADE, PACE), 
with weaker cross sections, it has been possible to as-
sign transitions in the odd-odd nucleus 14°Tb, from the 
apn channel, also for the first time. 
Of the 2-particle outgoing channels, transitions in the 
2p ( 144Dy) and the ap ( 441Tb) channels are strong. The 
2e channel is much weaker and efforts are underway to 
detect the en channel leading to 144 Dy, with a predic-
ted cross section of around 1 % of the total fusion cross 
section. The data analysis is in progress. 

HIGH-SPIN STATES IN 143Tb 
F. R. EselNoZA-QuigoNES 

Dcpartamento de Fisica - CCE, Universidade Estadual de 
Londrina, Londrina, PR, Brazil 

M. A. FttzztreTo, M. N. RAO, N. H. MEDINA, E. 
W. CYBULSKA, J. F. 13. OLIVEIRA, R. V. MBAS 

Instituto de Fisica - USP, Dpto. Fisica Nuclear 
D. BAZZACCO, C. A. UR, S. LUNARDI, C. 

ROSSI-ALVAREZ, F. BRANDOLINI, C. PETRACHE, ZS. 
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A STUDY OF SHAPE DIFFUSION IN HOT 
NUCLEI  

B. V. CARLSON 
Institute Teenologico de Aerondutica - CTA 

F. B. GuimARAEs 
EA N-N Institute de Estudos Aucincedes - CTA 

The velocity of the changes in shape of a hot nucleus is 
important in several types of nuclear reactions. In some 
cases, fission of hot nuclei seems to be hindered relative 
to neutron emission due to the inability of the nuclei to 
change shape with sufficient speed[1,2]. On the other 
hand, if shape changes are sufficiently fast, the spec-
trum of statistical giant dipole photons is expected to 
become narrower[3]. 
We estimate the speed of the shape changes assuming 
that the evolution in nuclear shape is a completely-
damped statistical process. To calculate the shape dif-
fusion coefficients of a hot nucleus out to the scission 
point, we generalize the microscopic model of shape dif-
fusion of Bush, Bertsch and Brown[4]. As they do, we 
completely neglect collective 'notion and treat the dy-
namics of shape changes as a purely diffusive process. 
We use a double-centered assymetric oscillator poten-
tial to describe the nuclear shapes, in order to apply 
the model to highly deformed nuclei. We then assume 
the diffusive dynamics to be a result of the two-body 
residual transitions between states and calculate them. 
using the static Nilsson one-body orbitals of the underl-
ying oscillator potential. As the number of contributing 
transitions grows rapidly with the temperature of the 
system, we do not calculate them all but sample them 
using a Monte Carlo technique. 
Preliminary results show that our results are are in slig-
htly better agreement with the experimental data than 
those of Ref. [4], but that neither of the two can explain 
the data. 

[1] A. Gavron et al., Phys. Rev. C 35, 579 (1987). 

[2]M. Thoennessen et al., Phys. Rev. Lett. 57, 2860 
(1989). 

[3]R. Broglia el al., Phys. Rev. Lett. 53, 326 (1987). 

[4]B.W. Bush, G.F. Bertsch and B.A. Brown, Phys. 
Rev. C 45, 1709 (1992). 

RELATIVISTIC HARTR.EE-BOGOLIIIBOV 
APPRoxrivIATION 

A.. C. DE CONTI, B. V. CARLSON 
Institute Teenelogiee de Aerondutica - CTA 

The experimental study of nuclei far from the valley of 
stability has motivated a great deal of interest in nu-
clear structure calculationsof the observed nuclei. One 
difficulty of these calculations is their need to extra-
polate the parameters used in the effective interaction 
from the stable region, where they are well determined, 
to the region of interest. Relativistic models, which 
describe the nucleus in terms of Dirac. nucleons interac-
Ling by meson exchange, offer the hope of being more 
fundamental than the others and, thus, of permitting 
such an extrapolation with no substantial changes in 
parameters. 
We have derived self-consistency equations for pairing 
mediated by meson exchange and have implemented 
these in a relativistic llartrce code for axially-deformed 
nuclei. We arc currently using it to study several isoto-
pic chains. Results obtained to date will be discussed. 
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di Padova, Padova, Italy 
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A. CHATTERJEE, A. SAXENA 
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In the region below N = 82 and around Z = 64 
Fermi level is close to the h 11 1 2  orbital for both protons 
and neutrons. Consequently 11/2' states occur at low 
excitation energy in odd nuclei of this region with co-
llective structures built on these single particle states. 
In the case of doubly even nuclei the importance of the 
h1112 proton and neutron orbital is evident from the 
presence of two 10+ states, often isomeric, at low exci-
tation energy. In the N = 78 isotones of Sm and ad, 
these two states have been identified as the alignment of 
2 protons or 2 neutron holes in the fi li p subshell. The 
N = 78 odd nuclei also show a discontinuity around 
3 MeV in the regular AT = 2 sequence built on the 
11/2' proton single particle state. Two 27/2 -  states 
are indeed observed involving, respectively, the align-
ment of two 11/2 -  protons, giving a maximum spin 
of 27/2 - , and of two 11/2 -  neutrons, which gives rise 
to a multiplet whose maximum spin is 31/2 - . Two 
different cascades are built on the 27/2 -  states which 
can be related to the structure of the two core nuclei. 
Shape coexistence phenomena are therefore important 
at N = 78. 
Some information on these structures in nuclei with Z 
larger than 64, for example, in 143T11 and 144 Dy, where 
the h11/2  proton configuration is even more dominant, 
is available in refs. [1-4]. 
The present work is a report of the results on the 
143Tb nucleus from a study of the 54 Fe + 92 Mo reac-
tion at 240-MeV incident beam energy. The 3p channel 
was one of the strongest channels populated. The tar-
get used was an ce, 1.0 mactn 2  thick 92Mo foil. The 
GASP array consisting of 40 high-efficiency Compton-
suppressed HpGe detectors with the 80-element liG0 
multiplicity filter together with the multi-telescope Si-
Ball (ISIS) were used to identify the events associated 
with the formation of 143Tb nuclei. The recoil mass 
spectrograph (CAMEL) allowed mass identification. A 
preliminary level scheme obtained from the present me-
asurement will be presented. The data analysis is con-
tinuing. 
At the incident energy used, the 2p channel leading to 

the N er. 78 even isotone [44 Dy is also populated rela-
tively strongly. We hope to obtain further information 
on this nucleus in order to interpret the different struc-
tures observed in terms of nucleon alignment. 

[1]N. Redon et al., Z.Phys. A325 (1986) 127. 

[2]L.G15ttig et al., Nucl. Phys. A464 (1987) 159. 

[3]L.GOttig et al., Ned. Phys. A475 (1987) 569. 

[4]D.Bazzacco et al., LNL preprint, unpublished. 

FIRST EXCITED 2+ AND 3-  STATES IN 
94,95Mo: PREDOMINANCE OF THE 

PROTON CONTRIBUTION 
G. M. UKITA, T. BORELLO-LEWIN, L. B. 

HORODYNSKI-MATSUSHIGUE, J. L. M. DUARTE, L. 
C. COMES, M. D. L. BARBOSA 

Institute de Fisica - Universidade de Sdo Paulo 

The molybdenum isotopes lie in a transitional region, 
only a proton pair above the Z 40 zirconium isotopes 
which, between N = 50 and N = 56, display features 
which arc indicative of proton shell closure, in particu-
lar very low B(E2 : 2t) values. This behavior 
is, in Zr, suddenly disrupted, if further neutrons are 
added. It is, consequently, of interest to investigate in 
detail how the extra proton pair affects these characte-
ristics. 
B(EL) values are, in principle, only representative of 
the proton contribution to the transition, if changes in 
core polarization effects are disregarded. It is therefore 
important to measure B(ISL) values, to also charac-
terize the joint contribution of protons and neutrons. 
The Nuclear Spectroscopy Group has, at the Pelletron-
Enge-split-pole-spectrograph facility, developed a rese-
arch program in which Coulomb-Nuclear Interference 
measurements with deuterons are employed to extract 
the ratio B(EL)/B(ISL), in a manner in which experi-
mental scale errors are cancelled and some model errors 
diluted.. DWBA predictions within a deformed optical 
model approach are applied, utilizing well tested global 
optical parameters for deuterons. The use of nuclear 
emulsion as detector is deemed as an essential ingre-
dient in obtaining data at forward scattering angles, 
where the interference pattern determines the ratio. To 
test the reliability of the method, data at 13.2 MeV and 
16.0 MeV were obtained for 94,9'Mo. The constrained 
xmin analysis determines the value of the ratio as being 
essentially due to the 13.2 MeV data and shows that 
the mass deformation parameter, 0, is obtained con-
sistently, at the few percent uncertainty level, by the 
data sets at the two energies, both for 94,98Mo and for 
the 21-  and 3i" excitations. The analysis shows B(E2) to 
be — 25 - 35% higher than B(IS2) for the 21 excitations 
and the correspondent transition to be somewhat more 
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collective in "Mo. No sign of proton subshell closure 
is, therefore, further seen, 

A simple pairing description of 'ILi 
ETTORE BALDINI NETO, CELSO LUIZ LIMA 

Finpe - Universidade de &in Paulo 
MAIJRO KYOTOKU 

Departamento de Fisica Universidade Federal da Pamela 

The recent interest on nuclei near the neutron and pro-
tons drip-lines which have been observed through the 
use of radioactive nuclear beams has raised a new cha-
llenge. to the theorists. It remains to be cleared whet-
her or not the well estabilished theories in the valley 
of stability can be wilted to halo nuclei. In this work, 
we treat the neutron rich nuclei 11 Li using the BCS 
approach slightly modilicated by the inclusion of the 
self-energy term, usually riot considered [1]. This leads 
to a new gap equation, which depends on the jth  single 
particle level, 

E; GE(l; bij)ttivi. 

Varying the pairing force strenght, we have calculated 
the binding energy of 'Li using the calculated single 
particle neutron levels available. We have also calcu-
lated the first excited state energy through the use of 
the quasi-spin method [2]. We expect this extension to 
multi-level case to bring us some information about the 
structure of the ground state of 14  Li. 
M.Kyotoku, N.Teruya and C.L,Lima Phys.Lett.I3 377,1 
(1996) A.K.Kennan Annals of Physics 12 300-3291), 
(1.961) 

Decay of 102Rhm 
Ruv Moat:ADo DE CASTRO, VITO ROBERTO VANIN 

IFUSP 

The decay of 1 °2111 has been studied for five years 
through a Rh source, produced by the natRh(7,xn) re-
action using the Linear Acceleretor of LA L-IFUSP. 
With single and coincidence gamma-ray spectroscopy 
measurements, the known 1 °2 Rh decay has been veri-
fied," and a new gamma-ray with energy 277.071(12) 
keV and intensity 1.4(3) • 10 -4  transitions per 1 °2'nRh 
decay, was observed and assigned to the transition bet-
ween the 4+, 1798.71 keV, and 3+, 1521.64 keV, levels 
in 1 °2Ru. 
It was confirmed that the longer lived, 6+, level is the 
isomeric state. The intensity of the isomeric transition 
between the 6+ and 2 -  levels of 1 °2R11 was measured 
as 2.7(3) • 10 -3  transitions per decay. 
Statistical Methods of analysis of the decay data were 
developed, taking into full account the experimental in-
formation and the data covariances. 
The isomeric states excitation energies and eletromag- 
netic properties, were calculated within the single par- 

tide model. In this framework, it is possible to assign 
a configuration to the 2 -  fundamental state but not to 
the 6+ isomeric state. 

Neutron Star Mass in Relativistic Mean - Field 
Theory 

L. Cank, M. L. CESCATO 
UFPB 

Relativistic Mean-Field (B.MF) Theory has been ap-
plied iu recent years to a large number of problems 
in nuclear structure. It has turned out to provide a 
very simple mean to describe ground state properties 
of nuclear matter and of finite nuclei in the entire peri-
odic table. In fact, the model is very successful around 
the saturation region, but this does not assure that the 
same is true at extreme conditions (very low or very 
high densities). 
Various applications of nuclear physics depend on the 
behavior of nuclear matter under extreme conditions. 
The properties of neutron stars depend on the neutron 
matter equation of state at densities up to an order 
of magnitude higher than those observed in ordinary 
nuclei. This high-density behavior is essential for cal-
culating the balance between the attraction of general 
relativity and the nuclear pressure; it determines un-
der what conditions gravity will cause the collapse of a 
neutron star into a black hole. 
In this work, we use several RMF models available in 
the literature to obtain the neutron matter equation 
of state. From this equation of state, we calculate the 
neutron star maximum mass predicted in these models, 
which compared to observational estimates, allows us 
to test their validity at extreme conditions. We use the 
Walecka o'- w - p-model, considering the most succes-
sful parameterizations for the coupling constants, with 
and without non-linear terms in the a-field. Density 
dependent coupling constants approaches are also used. 

Measurement of directional 7 - 7 angular 
correlation in the beta- decay of 1"R,e 

MARLETE PEREIRA MEDIA ASSUNcAO, IUDA 

GOLDMAN, GARABED KENCHIAN 

Institute de Fisica da Universidade de Seto Paulo 

The energy levels of the nuclide 'Os, populated in the 
beta-decay of 1"Re, are showing clearly the rotational 
bands. There are several 0+ and 2 4  states and possible 
states 1+ and 3+. Some negative parity states are also 
present and definitively identified. 
Nuclear reactions induced by HI have shown the exis-
tence of high spin states. 
Angular correlation measurement are difficult because 
the predominance of gamma-ray transitions with 155 
keV (2+ - 0+) [1]. 
In this work, at the automatic spectrometer Angular 
Correlation device of the "Laboratorio do Acelerador 
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THE USE OF THE FLOATING WIRE 
TECHNIQUE TO TEST TRAJECTORIES IN 

MAGNETS OF ACCELERATORS 
LUCIANA REYES FIRES KASSAB 

PATEC - SP,IFUSP 
PHILIPPE GOUFFON, MARCOS NOGUEIRA MARTINS 

IFUSP 

The floating wire technique represents a good alterna-
tive to determine trajectories in the absence of accele-
rator beams. The trajectory (r) of a charged particle 
(q) with a given momentum (p) in a magnetic field (B) 
is equivalent to the shape assumed by a flexible wire 
in the presence of the Caine field submitted to a proper 
tension (T) and carrying an adequate current (I), that 
has to be high enough, to make the wire become incan-
descent. The tension is applied by running the wire over 
a pulley and attaching it to a weight to compensate the 
magnetic force : T/i=Br=pq . Friction in the pulley is 
minimized by the use of compressed air in its hearings, 
whose flux must be properly controlled. Cheaper than 
platinum and gold and with high inciting point, it was 
used a 50 pm diameter nickel wire, energized with 600 
mA. This technique was used to corroborate the beam 
trajectories, calculated by the Ptrace code,iu the end 
magnets [1] of the race-track microtron booster, the se-
cond stage of the 31 MeV cw electron accelerator under 
construction at IFUSP Linear Accelerator Laboratory. 
The radius of the first (9.8 cm), third (14.0 cm) and 
fifth (18.2 cm) orbits were measured using respectively 
masses of 613.3 mg, 876.3 mg and 1136.7 mg. The 
orbits established by the incandescent wire were regis-
tered with the aid of a non magnetic mechanical device 
specially designed to be inserted in the magnet gap. 
The Ptrace results and the floating wire measurements 
agreed within 0.1%. 

[1] L. R. P. Kassab, PhD Thesis, IFUSP (1996) 

Resistivity Measurements of Glasses used in 
Detectors with Resistive Electrodes 

J. A. C. GONcALVES, C. C. BUENO, M. DAMY DE 
S. SANTOS 

IPEN- CNEN/SP e Dept° de Fisica, PUC/SP 
M. M. FRAGA, E. P. LIMA, R. F. MARQUES, A. J. 

P. L. POLICARPO 
LIP - Coimbra a Dept° de Fisica, Universidiute de 

Coimbra - Portugal 

Resistive Plate Chambers (RPCs) have been studied 
for many years, specially because they were considered 
suitable detectors for the construction of a first level 
muon trigger at the LIIC, as they feature very large 
areas with low cost, simplicity of operation and good 
time resolution. However, when operated in the spark 
mode, the RPCs have severe rate problems that make 
it unsuitable above 100112/cm 2 . One critical parame-
ter governing the rate capability and the behaviour of 
these chambers is the resistivity of the electrodes. Ex-
perimental results have shown that the changes of the 
resistivity with temperature, time and humidity are res-
ponsible for the unstable operation of the RPCs. In the 
present work we describe the studies carried out to me-
asure the resistivity and its dependence on the tempe-
rature of glass tubes that have been used in construc-
tion of resistive proportional counters. This was done 
by painting on both sides of the glass cylinder with 
conductive paint. We applied a potential difference to 
these electrodes and measured the current. The expe-
rimental device was placed inside a temperature con-
trolled chamber through which either ordinary air or a 
special gas mixture could be passed. The results obtai-
ned have shown that the resistivity has decreased from 
1.6xlO 13atm to 9.3x10 11 f1 in the temperature range 
from 18°C to 50°C. On the other hand, up to now, we 
observed that the influence of surface leakage curtent 
on the measurements is negligible. These results asso-
ciated with our previous data of resistive proportional 
counters will provide us with a better understanding of 
the origin of rate effects present in all gaseous counters 
which use resistive electrodes. 

Covariances in deconvolution of multichannel 
spectra. 

CARLOS TAKIYA, OTAVIANO A. M. HELENE 
Institute de Fisica do Universidade de Sib° Paulo 

Deconvolution of spectra has been extensively used in 
experimental sciences in connection to gamma-ray spec-
troscopy [1], neutron, mass and beta spectra study, 
cross-section, energy distribution of annihilation radia-
tion [2], microprobe scans [3], seismic tomography [4], 
among others. 'The basic aim of deconvolution proce-
dures is to obtain the intrinsic distribution of a signal 
blurred by the response function of a detector system 
affected by statistical fluctuation. The main source 
of troubles in deconvolution algorithms is that small 
statistical fluctuations in the original data are stron-
gly amplified and, frequently, give rise to an oscillatory 
behavior of the data, and to negative counts. In or-
der to reduce fluctuations of the deconvolved spectra 
many regularization procedures have been developed. 
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Linear do IF USP" , a set of absorbers [2] was used. 
The source of 188Re (t 1 /2 = 17h) was produced by irra-
diation using a flux of 10 12  n/cm2 s thermal neutrons.In 
the analyses of single spectrum it was not observed any 
impurities, except 186 1U (t in = 96h). 
Some new and more precise results of the multipolarity 
mixing have been obtained. 
Ill Sing, B. Nuclear Data Sheets for A=188, Nuclear 
Data Sheets, 59, 133,1990 
[2] Zhou, L.; Wen, S.; Zhao, I; Yu, B., Han, B. Yang, 
Ch.. The decay of 'Re, J. Radioanal. Nucl. Chem, 
Letters 87/4/247-258/1984 

HIGH-SPIN STATES IN 79 11.b 
S. SALEM-VAScoNCEWS, V. R. VANIN, E. 

LANDULFO, 0. DIETZSCH 

lnstituto de Fisica, Universidade de Sao Paulo, Brasil 
D. F. WINCHELL, J. X. SALADIN 

Department of Physics, University of Pittsburgh, USA 

High-spin states in 79 11b were populated via the fusion- 
evaporation reaction "Cu( 19 F,p2n) 79Rb, using a 67 

MeV 19 F ion beam from the University of Notre Dame 
FN tandem accelerator. The target consisted of a self-
supporting Cu foil, enriched in the isotope of mass 
63, with a thickness of 500 eg/cm 2. The gamma 
decay of the residual nucleus was observed with the 
Pitt multirletector array [1] consisting of six Compton-
suppressed HPGe detectors and of 14-element 13G0 
sum-multiplicity spectrometer (SMS). Data were collec-
ted in event by event mode and stored on magnetic 
tapes for later analysis. Approximately 5 x 10' events 
were collected. The 79 Rb data were obtained from a 
symmetric 7 -7 coincidence matrix with 4x 10' events_ 
Events were defined by requiring gammas in three or 
more SMS elements. Two positive-parity bands and 
two negative-parity bands have been observed in 79 Rb. 
We suggest an additional level at 11649.2 keV to the 
Yrast negative parity band, according to the observe-
tion of a 1690.4 keV gamma-ray assigned to the transi-
tion between the levels (95/2) -  (91/2) -- . The reac-
tion feeds weakly another negative parity hand obser-
ved in the present work that can be assigned to 79 R,b. A 
level scheme for 79Rb based on the present results and 
previous works [2,3] is proposed. A Cranking-model 
analysis was applied to the observed rotational bands 
in 791tb. 

[I] J.X. Saladin, IEEE rlYans. Nucl. Sci. NS-30 (1983) 
420 

[2) O. Skeppstedt, C.J. Lister, A.A. Chishit, B.J. Var-
ley, W. Galletly, U. Lena, R. Moscrop and L. Go-
eting, Nucl. Phys. A511 (1990) 137 

[3] J.W. Holcomb, J. Doling, T. Glasmacher, G.D. 
Johns, T.D. Johnson, M.A. Riley, P.C. Womble 
and S.L. Tabor, Phys. Rev. C48 (1993) 1020 

Relativistic Mean Field Calculations for 
Asymmetric Nuclear Matter 

JoAo BATISTA DA SILVA, MARIA LUIZA CESCATO 

UFPB 

The Walecka model has been widely used to describe 
nuclear structure properties. The several available pa-
rameterizations for the Relativistic Mean Field (RMF) 
have successfully described these properties in the ex-
perimentally available regions (at zero temperature, sa-
turation density and small neutron-proton asymmetry). 
In the present work we consider the asymmetric nuclear 
matter composed by protons and neutrons, using seve-
ral R.MF parameterizatioos available in the literature, 
in order to study the reliability of these forces for the 
reproduction of nuclear average properties in special, 
those related to the neutron-proton asymmetry. 
Analytical expressions for several parameters of the 
semi-empirical mass formula are obtained. The infi-
nite nuclear matter properties are analyzed in terms 

The construction of a complex level diagram: 
the i"Pt case 

R. R. P. TtixErR.A, 1. D. GommAN, M. T. F. AA 
CRUZ 

LaboratOrio do Acelerador Linear, IFUSP, Brasil 
E. 13now.ro,, , A. 0. MACCIGAVELLI, 1, YANG LEE, 

E. B. NORMAN 
Lawrence Berkeley National Laboratory, California, USA 

The level diagram of the 194Pt nuclide was performed 
with important changes when compared with the pre-
viously accepted one. The complexity. of the levels and 
the production of contaminants during the irradiation 
has required special caution in the analysis of the single 
and coincidence spectra. The presence of 194Ir (171d) 
has introduced important interferences that have been 
considered in the analysis and conclusions. In one of 
the two cascades fed by 1541r, two transitions with an 
energy of 562 keV appeared, coincident between them-
selves. The table of Isotopes (8th edition) show a third 
562 keV gazuma-ray between the levels of 2185 and 1622 
keV, but that last one was not observed in the present 
experiment. In our work, a transition with the same 
energy but between the levels of 1373 (5 - ) and 811 
keV (94") was definitely seen . The 5 -  level was po-
pulated front the 1432 keV level (3 - ), by a gannua-ray 
of 59 keV, deduced from a carefull analysis of coinci- 

M dences. The gamma-ray of 224 keV was relocated by 
the introduction of a 1737 keV level, very well subs-
tantiated by the analysis, including the observation of 
a difficult doublet 363-364 keV. The present discussion 
is a indication of the kind of sophisticated logic used 
to determine level diagrams in nuclides with complex 
structure. 
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of the several characteristic nuclear matter parameters 
such as volume energy, a o  saturation density, pe , in-
compressibility, K symmetry energy, J, as well as ot-
her higher order parameters, like, L, K' and K, 5,,,. For 
the density dependent RMF parameterization the anal-
ytical expressions of these coefficients arc obtained for 
the first time. 
From the obtained results it is shown that non-linear 
forces reproduce reasonably well the semi-empirical re-
sults, while the density dependent approach provide an 
unexpected small value for the incompressibility alt-
hough giving a better value for the symmetry energy. 
The advantage of this last. approach is the elimination 
of non-linear terms (which are of difficult physical inter-
pretation) and also to give a parameter free description 
of the nuclear interaction, since the density dependence 
of the coupling constants is fitted to Brueckner-Flatree-
Pock calculations for nuclear matter. The fact that we 
get a too small incompressibility points out that the 
used dependence (the single one available in the litera-
ture) needs to be improved. 

Density Dependent Relativistic Mean Field 
Calculations for Semi-infinite Nuclear Matter 

WELLINGTON GOMES DANTAS, MARIA LUIZA 

CESCATO 

UFPB 

In the last years a density dependent Relativistic Mean 
Field (RMF) approach has been proposed and applied 
for the description of spherical and deformed nuclei. A 
motivation for this description is to avoid the introduc-
tion of non-linear, not well understood, self-interaction 
terms in the cr 7field, which are needed in order to achi-
eve a quantitative reproduction of nuclear surface pro-
perties. 
The recent studies applying the density dependent ap-
proach to infinite nuclear matter have shown that a too 
low incompressibility is obtained, although a better va-
lue for the symmetry energy is obtained. On the other 
hand, the density dependent studies for deformed nu-
clei have shown that a poor description of deformation 
is obtained in this approach. These results were inter-
preted as an indication that the density dependence of 
the coupling constants available in the literature and 
used in these works cannot well reproduce nuclear sur-
face properties. 
In the present work we examine directly this point per-
forming Thomas-Fermi density dependent relativistic 
mean field calculations for semi-infinite asymmetric nu-
clear matter. The e — p-Walecka model is used and 
the characteristic surface parameters for symmetric and 
asymmetric nuclear matter are obtained. The results 
are compared with semi-empirical mass formulae para-
meters and also with the results of the usual linear and 
non-linear RMF parameterization. 

A RELATIVISTIC SEPARABLE 
POTENTIAL TO DESCRIBE PAIRING IN 

NUCLEAR MATTER 
B. V. CARLSON, T. FREDERICO 

Institute TecnolOgico de Aerondutica - CTA 
F. B. GUIMARAES 

EAN-N Institute dc Estudos Avangados - CTA 

In two recent works[1,2], we have extended the usual 
relativistic mean-field approximation to Quantum Ha-
drodynamics (QHD) for the study of the short range 
correlations in nuclear matter. These correlations have 
been found to be rather simply related with the pairing 
phenomenon between nucleons. This happens due to 
the domination of the of the scattering N-N T-matrix 
pole over the size of the pairing gap and, also, due to 
the connection between the pairing field at low baryon 
densities and the 1 80 N-N bound/virtual state wave 
function. This simplicity suggests that a simple though 
precise formulation of the nuclear pairing phenomenon 
can he done by an approximation that adequately take 
these results into account. 
In this work we propose a separable approximation for 
the pairing potential in nuclear matter, which correctly 
takes into account the high momentum contributions of 
the short range NN-correlations and is much easier to 
handle than the complete set of the relativistic Hartree-
Fock-Bogolinbov(11F13)-field equations. The approxi-
mation is based on the properties of the relativistic pai-
ring field in the zero baryon density limit (vacuum) and 
on the observed numerical correlation between the mag-
nitude of the T-matrix pole and the size of the pairing 
field for finite baryon densities. 
The determination of the separable potential depends 
on the precision which can be achieved for the deter-
mination of the components of the vertex-function fi-
eld r(k). We have compared the usual relativistic 
11PB-calculations for A with the corresponding sepa-
rable potential results, and the calculations for various 
(ow)-potentials indicate that the above prescription is 
adequate. The relativistic separable potential correctly 
yields either the gap parameter, A9 , or the two bigger 
components of the A field, A0 and A,, at all baryon 
densities. 

[1] F.B.Guirnaries, B.V.Carlson, and T.Frederico, 
Phys. Rev. C 54, 2385 (1996). 

[2]B.V.Carlson, T.Frederico and F.B.Guimaries, sub-
mitted to Phys. Rev. C . 
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Usually, such regularization procedures have been stu-
died from ad hoc observations of the obtained results 
in some practical and simulated cases However, re-
gularization methods give rise to biased estimates and 
artifacts. In the study of deconvolution procedure, not 
enough attempt has been paid to the covariance ma-
trices. As pointed out in this work, information obtai-
ned from the structure of the covariance matrices can 
be useful in understanding the behavior of deconvolved 
spectra: the large fluctuations are related to the large 
elements on the diagonal of the covariance matrices; 
the oscillatory behavior of the deconvolved spectrum 
is consequence of the negative elements on both sides 
of the main diagonal of the covariance matrices; and 
the source of artifacts are due to the positive elements 
on both sides of the main diagonal. In this work some 
aspects of the deconvolution spectra procedure within 
the least squares method are analyzed, and taking into 
account, in every step, the covariance matrices. 
[1] Cs. Siiskdd, W. Galster, I. Licot, M. P. Simionart 
Nucl. Instr. and Meth. A353 (1995) 552. 
121 L. Hoffmann, A. Shukla; M. Peter, B. Barbiellini and 
A. A. Manuel, Nucl. Instr. and Meth. A335 (1993) 
275. 
[3]0. E. Coote, Betty P. Kwan, Nucl. Instr. and Meth. 
B104 (1995) 228. 
[4] J. 'Ra.mpert and R. Sadder, Science 271 (1996) 
1257. 

MEASUREMENTS OF SMALL-ANGLE 
GAMMA RAY SACATTERING FROM 
BREAST PHANTOMS AND WATER 

M E. POLETTI 
Foculdade de'Filosofia, Oie'ncias e Lams da Ribeirao 
Preto, LISP, 14040-901 - Niteiraa Preto, SP, Brazil 

O. D. GONCALVES 
Universidade Federal do Rio de Janeiro, P.O. Box 68528. 

219.45-970 - Rio de Janeiro, Brazil 

The angular distributions of photons scattered by three 
phantoms of varying compositions (30% glandular/70% 
adipose, 50% glandular/50% adipose and 70% glandu-
lar/30% adipose) and by water have been measured at 
a photon energy of 59.54 keV. The results clearly de- 

; monstrate the existence of differences between breast 
phantoms and water for small angle scattering (2°-6°) 
at this energy. The contributions of intermolecular ef-
fects to the scattering process were only present in wa-
ter. These results allow a critical comparison with cal-
culations of the coherent differential cross section using 
molecular and atomic form factors for water obtained 
from interpolated x-ray diffractometer data [1, 2]. A 
good agreement was obtained within the experimental 
uncertainties . 

[1] P.C. Johns and M.J. Yaffe, Med. Phys. 10 (1983) 
40 
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[2] L.R.M. Morin, J. Phys. Chem. Ref. Data. 11 
(1982) 1091 
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RESULTS OF PRELIMINARY TESTS WITH 
THE RF BUNCHING SYSTEM 

N. _ADDED, J. C. ACQUADRO, N. CAItLIN FILII0, 1. 
M. F. FAOLINDES, M. D. FERRARETTO, 0. LIGUORI 

NET°, A. 0. R. MEIRA, 0. B. Motu's, E. F. 
PESSOA, 0. SALA, U. SCHNITTER, D. STUCKER, A. 

SZANTO DE TOLEDO 
IFUSP 

In a first phase we have evaluated the Q factor in a of-
Nine setup for each circuit, after adjusting the drive and 
pick-up probes of each individual component in order 
to get the correspondent resonant frequency. Typica-
lly, unloaded Q values were about 600 for pre-buncher. 
(for the three harmonics) and chopper and shoot 1500 
for the phase detector. These values were reproduced 
after the installation in the accelerator beam line. Re-
cently we have started to use beam time to check and 
calibrate the bunching system control eletrouics. Using 
' 60 and 35C1 beams we have generate time spectrum 
between the bunched beam and a surface barrier sili-
con detector mounted in the 30B scattering chamber. 
In these preliminary tests we have used just the pre-
buncher. The-results of these tests show a good agre-
ement with our predict values. We have obtained 70% 
of transmission for hunched particles. Regarding the 
time resolution, we have not explored the best condi-
tions of the system, but we have estabilished a higher 
limit of 4 ns. This value was obtained for " 9C1 beam in 
the laboratory energy of 67.5 MeV. A final point was 
that voltage obtained with the pick-up probe for this 
time resolution measurement has checked well with the 
predicted value. 

The 3/2+ (3.5 +- 1.0eV) excited state of 229Th 
0. A. M. HELENE, Z. G. Gum( A Far.S P 

USP 

The existence of an excited (j*=3/2-F) nuclear state 
within 100 eV in 229Th is known since 1976 (L. A. Kro7 
ger and C. W. Reich, Nucl. Phys. A259, 29 (1976)). 
More recently, a more precise measurement has dedu-
ced a value of 3.5(1.0) eV for that state (11. G. Helmer 
and C. W. Reich, Phys. Rev. C 49, 1845(1994)). The 
adopted methodology was to measure the difference in 
many energies of closed spaced gamma-ray peaks. 
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The main purpose of this work is to verify that value 
and to reduce the experimental uncertainty by using 
some experimental and statistical procedures developed 
in our laboratory (V. R. Vanin et. al, to be published 
in Nucl. Instr. and Meth). A 233 U source of about 
4.106  Bq was measured using Si(Li) and high purity Ge 
detectors. Since many gamma-ray transitions from the 
radioactive serie beginning in 233U appear in the direct 
measurements, a coincidence measurement was perfor-
med, allowing a net identification of the spectra. The 
statistical method adopted in the treatment of the expe-
rimental data takes into account the covariance matrix. 

THE Ko-INSTRUMENTAL NEUTRON 
ACTIVATION ANALYSIS: AN 

EXPERIMENTAL CONTRIBUTIONS AND 
APPLICATIONS. 

OSCAR DIAZ, EDUARDO HERRERA, MARIA 

VICTORIA MANSO, ISABEL ALVAREZ 

Institut° Superior de Ciencias y Tecnologia Admires. 

The ke standardization for Instrumental Neutron Ac-
tivation Analysis is a relatively new nuclear analytical 
method. Due to the great advantages of these techni-
que, it is expanded in more than twenty countries with 
reactor facilities in the world, including some from La-
tin America. The Cuban experience in this field is re-
sumed in this paper. The development of an original 
neutron flux murtipurpose multimouitor and the use of 
Certified Reference Material for Ire-factors experimen-
tal determination, are presented. An original experi-
ment dependencies of the neutron flux parameter for 
Ire standardization are discussed. The application in 
Cuban agriculture, sugar industry, geology and envi-
roment shows the great potentiality of these nuclear 
analytical method. 

CHARACTERIZATION OF 
POLYCARBONATE NUCLEAR 

TRACK-ETCHED MEMBRANES BY GAS 
PERMEATION METHOD 

I. M. YAMAZAKI, L. P. GERALDO 

Supervisao de Fisica Nuclear, 1PEN- CNEN/SP 
R. PATERSON 

University of Glasgow, Dept. of Chemistry, Scotland, U.K. 

Despite existing available several methods to estimate 
pore size in the ultrafiltration range in membranes, 
these methods generally involve very small membrane 
areas, some analysis ambiguity and/or require sample 
modifications. The measurement of gas permeability as 
a function of the mean pressure across the membrane 
has been proposed as an excellent tool to characterize 
several types of microporous membranes. In this work, 
the gas permeation technique has been applied to anal-
yse the commercial flat polycarbonate nuclear track-
etched membranes (TEM's) Nuclepore, with pore size 

of lfinm, 30nm and 50 nm, in order to verify if this 
method is appropriate to characterize the TEM's which 
are being developed at IPEN. The production of these 
membranes is being developed using the IEA-R1 rese-
arch reactor (2MW) and the fission track registration 
technique in Makrofol KG (8ilm thickness). The trend 
of the flux versus transmembrane pressure measured 
for various gases (Ne, Ar, He, Ne, 02, CO2), at a cons-
tant temperature (293K), was perfectly linear indica-
ting therefore a constant permeability for the commer-
cial membranes. Furthermore, the permeability showed 
a tendency of increasing when the molecular weight of 
the gases decreased. The inverse of the square root of 
the molecular weight of the gases versus the correspon-
ding permeability was plotted and all gases showed a 
good linearity for the three membranes studied, follo-
wing the Knudsen predictions.So, the results demons-
trated that the permeation of gases through the Nu-
clepore track-etched membranes (TEM's) follows the 
Knudsen diffusion model at least for pore diameters in 
the interval from 50nm to 15nm. Au estimation of the 
pore radius r(nm) for each membrane has been realized 
using the Knudsen equation and it was observed a large 
variation of permeability for different samples with the 
same pore size. The reason for such large variation 
among the same pore size membrane may be explained 
by the presence of multiple pores (clusters) iu their sur-
faces. However for the lowest value of permeability, the 
pore diameter estimated in this work presented a good 
agreement with those obtained by SEM technique and 
with the values listed in the Nuclepore catalogue. 

THE ACCELERATING STRUCTURE OF 
THE IFUSP MICROTRON 

J. TAKAHASHI, M. N. MARTINS, J. A. DE LIMA, A. 

A. MALAFRONTE, L. PORTANTE, M. T. F. DA 

CRUZ, P. R. PASCIIOLATI 

Instituto de Fisica da Universidade de Sao Paulo - 1FUSP 
Rua do Malan, Travessa R 187, 05508-900 Sao Paulo, SP, 

Brasil 

This paper describes the project, construction and tes-
ting of the 13 = 1 structure of the IFUSP Racetrack 
Microtron (RTM) and presents the results obtained for 
the effective impedance, coupling factors and accelera-
ting field distribution. 
The fi 1 cw-accelerating structure, 1.04-m long, con-
taining 17 accelerating and 16 coupling cavities, has 
been built at the Laboratdrio do Acelerador Linear do 
IFUSP (LAL). It has been tested, showing excellent pa-
rameters. The effective shunt impedance is 10% . higher 
than expected, which is very promising, since this will 
allow the operation of the RTM using 9% less RF 
power than initially planned. 
The dynamic tuning system that uses moving plungers 
in the extreme cavities, developed at LAL, proved to 
be very efficient and fast in keeping the structure tu- 



XX RTENB - Resumos 	 29 

ned, even when submitted to conditions worse than the 
expected to occur during normal operation. 
The machining and brazing of the pieces that compose 
the structure were both done at LAL and proved to 
be of excellent quality, since the structure performance 
was higher than the project specifications. 

ISA-to-CAMAC Interface 
DAVID BAItG FILII0, RENATO C. NEVES, VITO R.. 

VANIN 
Institute de Fisica, Universidade de Sao I'aulo - 01303 - 050 

- Sao Paulo - Brasil 

The Linear Accelerator Laboratory data acquisition 
system is based on CAMAC crates interfaced to a PDP-
11 computer, an old computer that is being retired. 
The experiments planned at LAL require counting ra-
tes of up to 10k events/e, each event demanding to 
read a few bytes from different CAMAC modules. We 
assessed experimentally the capabilities offered by off-
the-shelf CAMAC controllers with standard GPIB and 
SCSI interfaces. Such systems reached maximum ac-
quisition rates of about fik eveuts/s of 2- byte events. 

Significant dead-time is then expected to occur at low 
event rates. This low performance was attributed to 
the channel programming in the SCSI interface and to 
talker listener arbitration in the GPIB interface. We 
did not test CAMAC controllers with Ethernet inter-
faces because of the low performance declared by the 
manufacturers, which may follow from the complexity 
of the Ethernet protocol. To fulfill our needs, we are 
designing a new CAMAC controller with ISA interface, 
intended to be microcomputer driven. The ISA proto-
col is more simple-than the SCSI and GPIB, speeding 
up the communication process. The Crate Controller 
is designed to have I/O addresses to receive CAMAC 
commands (NAF), to read from and to write to the 
dataway, and to provide the LAM pattern. Interrupt 
capabilities include a programmable LAM mask. The 
first step, already achieved, was to develop 16-bit ISA 
boards with interrupt capabilities. The next was to ex-
tend the ISA-bus to 1.5 in. The extender consists of a 
twisted-pair cable (64 pairs) and two boards, one loca-
ted at the mother board and the other at the remote 
end. We tested it by running a PC 'with the disks and 
mouse interfaces outside the main-board housing. We 
are now assembling the module. 

RESULTS OF A BRAGG DETECTOR BUILT 
FOR THE AMS PROGRAM 

Cr. M. SANTOS, R. M. ANJOS, P. R. S. COMES, A. 
M. Al. MACIEL 

IFUFF 
It. LIGUORI NETO, J. C. ACQUADRO, N. AnnED, 

N. CARLIN, N. IVERDINA, M. A. RIZZUTTO, 
SCTINITTER  

IFUSP 
It. APPoLos:1, M. M. COIMBRA 

UEL 

The main technical problem in ultra-high sensitive Ac-
celerator Mass Spectrometry (AMS) measurements is 
the presence of isobaric contamination on natural sam-
ples. This is the case. of AMS for isotopes lighter than 
Cl. Samples of interest on 10Be have 13 13, the ones for 
26AI have 26Mg and finally the 36C1 samples have quite 
a significant amount of 36S. In all these cases the che-
mical separation of the contamination is very difficult 
(AMS deals with isotopic abundances of the order of 
10' to 10 -16 ). The detection system has to be able 
to separate elements that differ by one unit of charge. 
Normal particle detection techniques are based either 
on the mass number (A) or charge number (Z) deter-
mination. The resolution has to he good enough to 
separate the elements in the mass region of interest. 
The Brazilian AMS Program is concentreded on the 
determination of "Be, 26 A1 and 36C1, so the detection 
system has to able of separate up to Z=20. In order to 
improve the ability to separate isobars and different ele-
ments within VZ=1, we have designed and built a Bragg 
detector. The first tests showed very good results and 
we hope to get an even better resolution improving the 
gas system control. In this contribution the results of 
the tests will be presented. 

Performance of a Proportional Counter with 
Resistive Cathode under X-Ray Irradiation 

C. C. BUEN0, J. A. C. GONcALVES, M. DAMY DE 
S. SANTOS 

IPEN-CNEN/SP e Dept,, de. Figiea, PUC/SP 
M. M. FRAGA, R. P. MARQUES, A. J. P. L. 

POLICARPO 

LII' - Coimbra e Depto de Fivica, Universidade de, 
Coimbra - Portugal 

In this work the rate effects associated with the gain 
of detectors with. resistive electrode under x-ray irradi-
ation are considered. To study these effects it was de-
cided to use a classical proportional counter geometry, 
with an alkaline glass cylindrical tube as the cathode, 
rather than parallel plate devices. Indeed, the gene-
rality of the information obtained is not affected and 
the cylindrical proportional counter geometry has se-
veral advantages to gather detailed experimental data 
and to compare it with simple electric field calculation. 
A self consistent set of data is presented for rate ef-
fects, from a few tens of liz up to several hundreds of 
Liz, using several geometries and gas mixtures, different. 
anode wires, cathode radii and thickness of the resistive 
electrode. Although a few sources of systematic errors 
can be identified, all the observed experimental data 
can he quantitatively explained. Indeed, the measu-
red gas amplification, from a few tens up to 5x10 4  and 
for the range of counting rates quoted above, depends 
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Laboratorio TANDAR, Dep. de Fisica, CNEA, Buenos 
Aims, Argentina 

We perform a classical dynamics study of the one- and 
two-proton transfer reactions for the "C 1" Au sys-
tem, recently measured at the TANDAR laboratory [1]. 
These data are presented as a plot of the transfer proba-
bilities versus the distance of closest approach, DR„try, 

calculated assuming a Rutherford trajectory. At large 
distances the experimental slope of the transfer proba-
bility decrease when the beam energy is increased, in 
apparent contradiction with the standard semiclassical 
interpretation of the transfer as a tunneling process at 
the distance of closest approach. Another notorious de-
viation from the standard picture are the unexpected 
values of the slopes for two-nucleon transfer compared 
to those from one-nucleon transfer reactions. This dis-
crepancy between the data and the semiclassical predic-
tions has been originally referred as the slope anomaly 
in the case of neutron transfer. 
In this paper we reconcile the semiclassical picture with 
the trend of the slopes as a function of the beans energy. 
We assume that the nuclei move along classical trajec-
tories under the influence of both, the Coulomb and 
the real part of the nuclear optical potential. The pro-
ton transfer is considered as a tunneling process around 
the point of closest approach. The absorption due to 
the imaginary part of the optical potential is also in-
cluded. At the highest energies considered several tra-
jectories correspond to a given scattering angle, each of 
them with a distinct distance of closest approach. The 
contributions associated to the different trajectories are 
added to obtain the proton transfer probability. 
We show that the interplay between absorption and 
tunneling effects explains the observed energy depen-
dence of the slopes in the transfer probabilities as a 
function of Huth for both one- and two-proton trans-
fer reactions. 

[I .] D. Tomasi, J.U. Fernandez Niollo, A.J. Pacheco, 
D. Abriola, J.L. Testoni, A.O. Macchiavelli, O.A. 
Capurro, D.E. Di Gregorio, M. di Tada, G.V. 
Marti, and I. Urteaga, Phys. Rev. C 54, 1'282 
(1996). 

FROM WIGNEB. DISTRIBUTION 
FUNTIONS TO CLASSICAL 

DISTRIBUTION FUNCTIONS 
G. W. BUND 
IPT- UNESP 

M. C. TUERO 
PUC/SP 

The main tool for the phase-space formulation of quan-
tum mechanics are the phase-space distribution functi-
ons the best known of which is the Wiper distribution 
function ref. [1]. Although the quantum phase-space 

distribution function should be considered as simply a 
tool that facilitates making the connection of quantum 
mechanics with classical mechanics, in many situations 
the Wigner distribution function does a respectable job, 
it is often employed in the phase-space description of 
atom-molecules collision processes ref. [2,3]. There are 
also applications of the Wigner distribution function in 
Nuclear Physics such as the Wigner representation of 
the one-body time-dependent Hartree Foci approxima-
tion which reduces the description of the many-body 
nuclear dynamical problem to a phase-space distribu-
tion function ref. [4]. 
In this work we study a mapping ref. [5] with relates 
the Wigner phase-space distribution function of a given 
stationary quantum mechanical wave function, solution 
of the SchrOdinger equation, to a specific solution of 
the Liouville equation, both subject to the same po-
tential. By making this mapping the elastic scattering 
of a particle by a potential is reduced to the classical 
limit whereas hound states are described by semiclassi-
cal distribution functions. These results were illnstra-
ted by considering scattering by a potential barrier and 
bound states in a square well ref. [5]. Here we study the 
snapped distribution obtained by considering a particle 
bound in the Poschl-Teller potential ref. [6]. 

[1] E. Wigner, Phys. Rev. 40 (1932) 749 

[2] H. W. Lee, Phys. Rep. 259 (1995) 147 

[3] 0. W. Bend, S. S. Mizrahi and M. C. Tijero. Phys. 
Rev. A53 (1096) 1191 

[4] C. P. Maddison, Ph. D. Thesis. Oxford University. 
(1980) 

[5] G. W. Bun& J. Phys. A28 (1995) 3709 

[6] L. I). Landau and Lifshitz. Quantum Mechanics. 
(Pergamon, London, .1958) 

Determination of reaction time scales from 
angular correlation measurements at small 

relative momenta 
M. M. DE Mona, N. ADDED, W. H. Z. 

Calt.DErus, A. A. P. SuamE, E. M. SZANTO, A. 
SZANTO DE TOLEDO, N. CARLIN 

Departamento de Fisica Nuclear - Institut° de Fisica, 
Universidade de Sdo Paulo, Srio Paulo, Brazil 

In order to continue the study of the dynamics of light 
heavy-ion reactions, which has been done by our group, 
we are interested in obtaining time scales for these reac-
tions. To do that, we are using a technique that consists 
of angular correlation measurements at small relative 
momenta. It has been a widely used tecnhique at low 
and high energies. 
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only on a local electric field as it should be expected. 
Efficiency results are a direct consequence of the gain 
behaviour. 

Modernization of Second Generation Medical 
Tomograph on the Base of a Conventional PC. 
HAMILTON P. DA SILVA, ROSANGELA It. JAKUBIAK, 
SERGEI A. PASCHUK, HUGO R. SCHELIN, DENISE E. 
H. DAVID, ALVARO R. PORTO, ARISTOTELES S. A. 

DE OLIVEIRA, PAULO S. A. DE OLIVEIRA, GUSTAVO 
RUTILE, CINTIA L. GOMES, DANYEL S. SOBOLL 
Federal Center of Technological Education CEFET-PR 

(Curitiba, Brazil) 

In this work we report the development of the X-ray 
Laboratory at CEFET-PR organized recently. Our ac-
tivity now is focusing on the substitution of the medical 
tomograph control system based on old an old model 
PDP-11 by a conventional PC. We are also developing 
the data acquisition system and image reconstruction 
software. 
As a first step it was necessary to get the mechani-
cal control over the main second generation tomograph 
movements: rotation and translation. To achieve it we 
are using the signal diagrams which were presented in 
the technical manuals. To convert the logical signals (-
7+12 V to 0 -:- 5 V) we had to construct a new interface 
board. 
In principle the mechanical system gives us translation 
precision about 0,01 mm and rotation 0,5 degree. It 
means that after modernization will be fulfilled we can 
reach the spatial resolution comparable with a third or 
forth generation tomograph. 
Right now our work is concentrated at the image re-
construction code and its filtering in order to obtain a 
better quality of tomographic images. Our image re-
solution involves now 512 x 512 pixels, but it could be 
increased to 1024 x 1024 easily. 

PR.OGRAMA DE CONTROLE DE 
QUALIDADE EM RAIOS-X 

CONVENCIONAL 
ROSANGELA R. JAKUBTAK, HAMILTON P. DA SILVA, 

SERGEI A. PASCHUK, HUGO R. SCHELTN, DENISE E. 

H. DAVID, ALVARO R. POftTO, ARISTOTELES S. A. 

DE OT,IVETRA, PAULO S. A. DE OLIVEIRA, GUSTAVO 

RUTILE, CINTIA L. GOMES, DANYEL S. SOBOLL 

Federal Center of Technological Education CEE'ET•PR 
(Curitiba, Brazil) 

A qualidade de uma irnagem radiografica esti direta-
mente relacionada corn a dose a que estao sujeitos os pa-
cientes e os operadores dos equipamentos. Estko sendo 
estudados, no Setor de Radiodiagnostico do Hospital de 
Clinicas da Universidade Federal do Parana, os seguin-
tes fatores envolvidos na producao de irnagens: 
1) Equipamentos de raios X. Foram feitas medidas para.  

garantir a autenticidade dos para metros de exposicio 
(kV e mAs) e geornetricos dos aparelhos. 
2) Processadoras antomaticas de filmes. Para garantir 
a qualidade do ultimo passo da formacao da imager') é 
feito o controle de ternperatura e tempo de revelacao, da 
camara escura c dos parnmetros de resposta dos filmes, 
alem de verificar a qualidade dos produtos quimicos uti-
lizados. Estao sendo ainda feitos testes de sensitornetria 
para acompanhar diariamente o rendirnento das proces-
sadoras. 
3) Controle des radiografias rejeitadas. 'Estabelecer as 
causas de perdas des radiograflas, permitindo avaliar o 
efeito da echo corretiva, mostrando tambem os setores 
que apresentam elevada taxa de rejeicao. 
4) Qualificacio de pessoal. Foram miuistrados cur-
sos sobre processadoras automaticas de filmes e nocoes 
basica-9 de Radiologia pare os tecnicos do Setor. 
Os procedimentos descritos acima tern comp objetivo 
final a enelhoria da qualidade des imagers permitindo 
diagnOsticos mais precisos. Com  isso diminui-se a dose 
e reduzern-se os custos de exames medicos. Todos os 
valores medidos esti() dentro dos limites estabelecidos 
pelas normal interuacionais (IEC 1221-2.1,2.3). 

SURFACES AND JUNCTIONS OF Ge(HP) 
AND Si(Li) 

P. Rizzo, W. M. S. SANTOS, E. BESSA FILHO 

The final germanium and silicon detector performance 
depends greatly on the crystal surface quality state as 
well as on its junction. Thus, passivation techniques 
must be employed to protect the surface from environ-
ment influence 1). In p-a junctions generation currents 
appear due to the electron-hole pairs produced at the 
generation-recombination centers in the depleted region 
of the detectors. If the detector's junction presents an 
interface Si-Si02 in silicon or Ge-GeOa  in germanium, 
there is an aditional current component due to the char-
ges in this oxide ayer 2). 
To recuperate detectors, sometimes it is necessary to 
regenerate its junction. In these case, we use warm-up 
and clean-up 3). To produce uniformity in the junction 
interface we employ an annealing. If the detector pre-
sents some surface contamination, we must investigate 
and apply new passivation techniques, to eliminate the 
impurities. On germanium we used (HNO3+HF), and 
diluted HF on silicon. 
Results related to the recuperation of three detectors 
are presented, using the cited techniques. One Si(Li) 
detector recuperated its original characteristics, -1500V 
bias with 400eV resolution for the 30.97 keV 133Cs Ka2 
X ray. One Ge(HP) detector presented a resolution of 
2.7 keV for the 1.33 MeV "Co 7 radiation, with -3000V 
bias. The other Ge(HP)detector operated with -2600V 
and 1.94 keV resolution for the 59.54 keV 241-Am 7 ray. 

1- Santos, W. M. S., Protic, D. and Riepe, G., Revista 
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de Fisica. Aplicada e Intrumentacao, Vol 5(4), 467, 	Second Workshop Synchrotron Light, World Scientific, 
1990. 	 292-299, 1989. 
2- Hellas, R. C. and Poindexter, E. H., Rep. Pro& 
Phys. 57, 791, (1994). 
3- Rizzo, P. and Santos, W. M. S., Proceedings of the 
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Through that, we are going to obtain the correlation 
function, given by: 

1+ 	= CEF'T-6', L(Wg5 

where Y1 (p1) and Y2(p2) are the number of particles 
with momentum/4 and p2, respectively, and Y12(Pi pz) 
is the number of coincidences between particles, whose 
momenta result in a specific relative momentum q; C 
is a normalization constant, chosen in such a way that 
R(q) = 0 for high values of relative momentum q. 
One characteristic of this function that can be pointed 
out is the anticorrelation, which is like a half well at the 
small relative momenta region of the curve. It can be 
due to a predominance of Coulomb interaction. Howe-
ver, if the particles are alike, then the Pauli Exclusion 
Principle can also contribute to that behavior. 
A correlaton function, which presents an anticorrela-
tion, can be fitted by a Monte. Carlo simulation code in 
which the time scale is a parameter of the fit. 
To complement the work of our group, we are interes-
ted in studying correlations involving fission fragments 
or transfer products. 
The experimental setup consists of a hodoscope com-
posed by fourteen triple telescopes, each composed by 
one ionization chamber, one silicon detector and one 
Csl detector, closed packed, with an angular spacing of 
4.5° between close neighbors. The telescopes provide 
identification of both heavy and light particles, with a 
good resolution. 
We have performed measurements for the 16 0+ 1 °B sys-
tem at the bombarding energy of E=64 MeV, with the 
center of the hodoscope at 25° regarding the beam di-
rection. The most forward telescope was at 18.3° and 
the most backward was at 31.8°. 
The calibration of spectra and the program to obtain 
the experimental correlations are being done. We are 
also writing the Monte Carlo simulation code, which in-
chides three-body kinematics and Coulomb interaction 
between the fragments and the residual nucleus. 
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In the last few years our group has been studying the 
dynamics of light heavy-ions reactions (Ac,v- 20), speci- 
ally the fusion-fission mechanism. in order to continue 

this kind of investigation we are interested in determi-
ning the time scales of fusion-fission processes in this 
mass region. These time scales can he evaluated when 
we examine the excitation functions of these systems. 
At excitation energies where several compound nucleus 
decay channels are available, the full width of levels is 
comparable to the separation between them. In this 
situation it is not possible to separate these levels and 
the cross section is strongly dominated by resonances, 
witch can interfere with each other. This interference is 
randomical, some times chaotical, and originates fluc-
tuations on the cross-sections 1 : 2,3). The compound nu-
cleus life time (r) is related to the average width of the 
levels (r), by: 

h 

The Ericson correlation function 4) C(e), is given by: 

C(e) = 

where c is the energy step and C(0) is given by: 

C(0) = 

where yd is the ratio between the cross section and the 
averaged one. Nol is the number of effective channels 
that contribute to the experimental cross section. 
This correlation function can be experimentally evalu-
ated from the excitation function measured in small 
energy steps ans the time scales is evaluated from a fit. 
The experimental setup consists of'four particle detec-
tors. Two of them are ionization chambers, to mea-
sure the energy loss in the gas and a silicon detector, 
to measure the residual energy. In these detectors it 
is possible to identify the atomic number (Z) of each 
particle. The other two are position sensitive detetors 
(PSD's) where it is possible to measure the position and 
the energy of the incident particle. We perform coin-
cidence measurements between any ionization chamber 
and any PSD. The mass of the coincident particles can 
be evaluated by kinematic calculations. It is possible 
to apply high-voltage (-100KV < V < 100KV) to 
the target in order to change the beam energy in small 
steps (5.Ei,b- 20Ke V). 
Measurements had been done for the system 18D-1- 10  fi 
with Ez0,-64MeV (5.E.r,,b-50KeV). 

i) T. Ericson, Phys. Rev. Letters 5 (1960) 430 
2)T. Ericson, Adv. Phys. 9 (1960) 425 
3)T. Ericson, Vererma Lectures 1961 Course 23 Acade-
mic Press 
4)T. Ericson, Ann. Phys. 23 (1963) 390 
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With the exception of the nucleosynthesis in stars, the 
production of isotopes in the interstellar medium oc-
curs mainly through the spallation of high-energy cos-
mic rays by protons and cold plasma bubbles, the main 
constituents of this medium. The spallation of the most. 
abundant species into all the lighter ones is an ingredi-
ent of the propagation calculations of cosmic rays. The 
knowledge of those cross sections is then necessary to 
understand the observed cosmic-ray abundances and to 
make cosmic-ray age calculations. We have performed 
experiments of spallation of natural Te targets by 5.0-
and 1.85-GeV protons and of a natural Mo target with 
1.85-GeV protons at the LBNL Bevatron. The cross 
sections for the production of several radioactive isoto-
pes with half-lives ranging from a few minutes up to 
tens of days were determined and published elsewhere 
[Phys. Rev. C 55, 820 (1997)]. In order to determine 
those cross sections associated to long-lived products, 
we have brought the targets to the Laboratorio do Ace-
lerador Linear do IFUSP, to gamma-count them. The 
measurements were done with a high-purity Ge detector 
of 162-cm3  active volume and usual nuclear electronics. 
The counting took —10 days for each target, inside a 
20-cm thick lead shielding, built with newly-cast, extra-
clean lead. Measurements of background, efficiency and 
gamma absorption in the source were also made. The 
'Fe data revealed the presence of trace amounts of 60Co 
(half-life 5.3 yr) and of 22 Na (half-life 2.6 yr) and mea-
surable amounts of 1 ° 2 Rhm (half-life 2.9 yr) and 125Sb 
(half-life 2.7 yr). The Mo target showed the presence 
of a trace amount of 22 Na and a measurable amount of 
65 Zn (half-life 0.7 yr). Our results for the cross sections 
on Te are 4.0(2) mb for producing 102Rh'n and 29(1) mb 
for 125Sb. We are presently working on the determina-
tion of the spallation cross sections on Mo and on upper 

limits for the trace amounts mentioned. 
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There is a lack of experimental informations on proper-
ties of proton -rich, heavier (A=60-80) nuclei near to 
the N=Z line. They present a special interest due to 
their symmetries, which result in intriguing properties, 
as: 
i- the strongest deformations in the nuclear chart are 
expected around the N=Z line due to the equal proton 
and neutron deformations, which enhance. each other. 
ii- the Nolen-Schiffer anomaly for N=Z mirror nuclei, 
which is related to the charge symmetry breaking inte-
raction, mainly due to mixing of w and p mesons, and 
which seems to increase for heavier N=Z nuclei. 
iii-The spiri-isospin independence of the nuclear force 
can be related to a SU(4) symmetry and results in a 
much enhanced proton-neutron pairing interaction and 
in a much stronger binding energy for N=Z nuclei. This 
effect also should decrease for heavier N=Z nuclei due 
to Coulomb and spin-orbit interactions. 
From astrophysical point of view these drip-line or near 
drip-line nuclei are also interesting since probably they 
provide the pathway at higher mass for the so called 
rapid proton (rp) capture process. 
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Proton-rich radioactive nuclei with masses between 
A=60-80 near the N=Z line were produced via the frag-
mentation of a 73 MeV/nucleon 78 1ir primary beam ou 
a "`"Ni target at GANIL (Grand Accelerateur Natio-
nal d'Ions Lourds), Caen, France. The secondary be-
ams have been analysed in the high precision magne-
tic spectrometer SPEC with complete identification of 
mass and atomic number of the incident particles. The 
nuclear reaction cross section of these secondary nu-
clei were measured on Silicon using the Direct Method, 
were the detector playes also the role of the target. A 
stack of several Silicon detectors were positioned in the 
focal plane of SPEC and allowed the measurement of 
the total energy spectrum with good resolution, where 
the elastic peak corresponds to particles without reac-
tion in the Silicon (target and detector) and the events 
with energy loss correspond to nuclear reactions. 
The reaction probability can be directly calculated from 
the spectra and related to the interaction radii of the 
secondary nuclei. The radii of the 62 ' 63 ' 64 ' 65 '

66
' 67' 68GR, 

R4,65,66,67,68,69,700, 	 66,67,68,69,70,71,72 ,  

68,69,70,71,72,73,745e  and 70,71,72,7s,74,75,76Br canbe ob 
tained from our data which are being analysed at the 
Pelletron Laboratory. 

Photofission and Multiple Nucleon 
Photoemission of 232Th at Intermediate 

Energies 
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The mean excitation energy a. of 232T/i, following pho-
toabsorption in the interval of 40 110MeV; is deter-
mined from the nuclear photofissility measured at Se-
eley using a novel technique developed at this Labora-
tory. It is found that .E z  of 234Th is considerably lower 
than that obtained from INC-Monte Carlo calculations 
which, by their turn, describe fairly well the preequi-
librium in heavier actinides. It is suggested that this 
fact could possibly he associated with a higher nuclear 
transparency of 2322h. It is also shown that the ac-
centuated disagreement between calculations and data 
from recently measured "'Th(y, xnyp) reactions, could 
be greatly due to the overestimation of the excitation 
energy of 235Th. In this regard, an exemplifying cal-
culation demonstrates that this overestimation of Ez  
reveals itself as a huge overestimation of the fission com- 

petition yield in the equilibrium stage. 

THE DOORWAY EXPANSION METHOD 
APPLIED TO HEAVY-ION COLLISIONS 

INVOLVING A NEUTRON-RICH EXOTIC 
NUCLEUS 

A_ M. S. BREITSCTIAFT, V. C. BARBOSA, L. F. 
CANTO 
UFRJ 

M. S. HUSSEIN 
USP 

We study heavy-ion collisions involving a neutron-rich 
exotic nucleus within a coupled-channel reaction mo-
del. The inelastic channel considered corresponds to 
the so called soft-giant dipole oscillation of the neu-
tron halo against the core in the exotic nucleus. We 
use a generalization [1] of the Doorway Expansion Met-
hod (DEM) [2,3], that includes angular momentum cou-
pling, to solve the resulting coupled-channel equations. 
We take the system "Li -1- 2" Pb at collision energies 
around the Coulomb harrier (V, St-' 26 MeV), including 
in the calculation the ground-state and the first exci-
ted dipole state. We calculate the elastic and inelastic 
angular distributions, and the fusion cross sections and 
we study their dependence on the Q-value. 

[1] A.M.S. Brcitschaft, Ph.D. Thesis (Institut° de 
Fisica da UFRJ, Rio de Janeiro, Brasil, 1996) 
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 M.S. Hussein, E.J. Moniz, J. Christley and 

I.J. Thompson, Ann. Phys. 243(1995)420 

Reaciies nucleares — 03/09/97 

ABSORPTION AND TUNNELING 
EFFECTS IN ONE- AND TWO-PROTON 

TRANSFER REACTIONS 
H. D. MARTA 

Institute de Fisica, Foe. de Irigenieria, Montevideo, 
Uruguay 

R. DONANGELO 

lnstituto its Fisica, Universidade Federal do Rio de 
Janeiro, Brasil 
D. TOMAST 

Institute de Fisica y Quimica de Sun Carlos, USP, San 
Pablo, Brasil 

J. 0. FERNANDEZ NIELLO, A. J. PACHECO 



36 
	

Reaciies nucleares - XX KIT N.13 
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239 PO IN THE ENERGY INTERVAL FROM 
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Photofission cross sections for 235Pu, near the reaction 
threshold, have been measured using the nuclear track 
registration technique in Makrofol KG (10 pm) and an 
automatic discharge chamber for the fission fragment 
tracks counting. The experime nt has been carried out 
in an experimental facility installed a.t the tangential 
beam port (BI14/12) of the IBA-RI research reactor 
(21vIW) of the IPEN-CNEN/SP. The gamma rays used 
were those produced by thermal neutron capture in se-
veral materials targets wh en placed near the reactor 
core. These discrete and monochromatic gamma ray 
lines, with energy resolution of a few tens of electron 
volts, were monitored by a gamma ray spectrometer 
of Ge(Li)(5%, 2Ficirt3 , ORTEC), positioned 824 cm far 
from the capture target. The efficiency calibration for 
this detector was performed, in the 2 to 11 MeV energy 
interval, using a sample of nitrogen as reference stan-
dard. For the present work, around than 30 gamma ray 
lines, with energies ranging from 5.2 to 10.8 McV were 
employed. Details of the data analysis are discussed 
and the results are compared with previous measure-
ments performed with different sources of gamma rays. 

S AND D WAVES OF El TRANSITIONS 
OBSERVED IN TRITON ANGULAR. 

DISTRIBUTIONS FROM THE REACTION 
7(71:i , t)cr 
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The ground state of 7Li (J" = 3/2 - ) is an example 
of a clustered nuclear system, consisting mostly of an 
a-particle and a triton, other components of the wave 
function playing secondary roles. The study of cluster 
properties in nuclei gained a new impetus due to new 
microscopic calculations based on the method of reso-
nating groups and also on multicluster models. Those 
calculations adequately describe the main static charac-
teristics of the nuclear systems and achieved remarkable 

progress in the description of the photodisintegration of 
binary clusters (like 7+ t -Fa) and of the radiative 
capture of clusters (like t + a 
Angular distributions of tritons emitted in the reaction 
7( 7 Li,t)a have been measured for .E7  = 6.751 MeV 
and 8.999 MeV and fi t  between 30° and 150°, using the 
monochromatic photon beam from neutron capture re-
actions of the IPEN/CNEN-SP 2-MW research reactor. 
The measured data were analyzed in the framework of 
a cluster approach for the 7Li structure and confirmed 
the energy dependence of the El S and D scattering 
waves. The conclusion agrees with a recent measure-
ment of the azimuthal cross section asymmetry. 
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We propose the delay fission investigation which will 
be the indication of hypernuclei production and decay 
within the atomic masses region near 200. The aim of 
the experiment is to measure the hypernucici electro-
production cross section and A-hyperon lifetime inside 
of the heavy nuclei. 
Proposed measurements demand the utilization of high 
energy electron beam facility with low angular emit-
tance and high current. Other parameters such as high 
duty factor and compact beam spot dimensions at the 
target are also required. Actually these beam charac-
teristics are offered by Thomas Jefferson National Ac-
celerator Facility (CEBAF) only. 
Despite the fact that hypernuclear physics has about 40 
years of history, the experimental investigations have 
been made predominantly for hypernuclei within ato-
mic mass number < 20. Available data are rather 
scarce and have large uncertainties. This is due to 
the tremendous difficulty in the hypernucici production 
and subsequently - due to the detection and identifying 
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problems of their decay products. Only two heavy by-
pernuclei 259  DiA and 238 (15 have been experimentally 
observed and their lifetimes were measured with very 
low accuracy. 
The hypernuclei lifetime is a fundamental quantity. Its 
knowledge is required to verify different concepts of the 
nuclear structure and hadron interaction. The investi-
gation of hyperon decay in nuclei may provide the in-
formation about the influence of nuclear media on weak 
A-hyperon decay, quark structure of hypernuclear sys-
tem and so on. One of the problems still existing is the 
search for long-lived hypernuclei whose existence may 
be due to the delaied decay. of a A-hyperon in the strong 
intranuclear electromagnetic fields. It was predicted by 
Salem and Strathdee in connection with the expected 
symmetry restoration in such circumstances. 
The delay fission cross section caused by hypernuclei 
production is about (2.5 ± 1.0) x 10 -5  of prompt fis-
sion cross section. The lifetime of delay fission is some 
picoseconds. 
We propose to carry out the measurements of electro-
production cross sections for 197Aun, 259Bi5 and 235 UA 
in the electron energy range 1-- 2GeV and their lifetime 
determination. 
The measurements will be performed using the recoil-
distance technique in projectile modification and solid 
state fission fragment detectors. 

General Expressions for the Matrix elements of 
SU(3) Wigner and Majorana Interactions 

J. A. CASTILHO ALCARAS 
Institute de Fisica Tedrica, UNESP, 01405-900, Six° 

Paulo, Brazil 

The probabilities Q of creation inside the nucleus of 
pairs of necleons with definite quantum numbers of re-
lative orbital motion in the unitary scheme approxi-
mation are considered. Explicit expressions for these 
probabilities in terms of genealogical coefficients are gi-
ven. Three relationships between these quantities and 
the labels of unitary chain of subgroups of U(2A — 1), 
valid for any nuclear SU(3) configuration were found. 
Two other ones, valid only for SU(3) ground configu-
ration, were also found. These relationships allow us 
to find the matrix elements of general SU(3) invariant 
Wigner and Majorana Interactions in terms of labels of 
SU(3A -- 1) in the unitary chain, for nuclei with A up 
to 40. 

Shadow effect on a heavy-ion elastic scattering 
at very forward angles 
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Recently some papers have reported that the interesting 

phenomena at very forward angles in a heavy-ion etas-- 
tic scattering, the forward nuclear glory scattering, have 
been observed experimentally by means of the sum-of-
difference cross section analysis. We have calculated 
the sum-of-difference cross section and the nuclear scat-
tering amplitude for the a+ 90 Zr elastic scattering at 
some bomberding energies and have made a semiclassi-
cal analysis of there. We have shown that the angular 
distribution of the nuclear scattering amplitude in the 
very small angle region behaves like the zeroth order 
Bessel function with a specific frequency, which is a 
noticeable feature of the forward nuclear glory scatte-
ring, even if it never happens.. We have also provide 
the semiclassical interpretation that the phenomenon 
like this can be also caused by the shadow effect of 
the nuclear rainbow scattering. On the other hand, we 
have indicated that it might he the evidence of the for-
ward nuclear glory scattering that the amplitude of the 
sum-of-difference cross section at the very small angle 
is almost independent of the incident energy or at le-
ast has a very weak energy-dependence in case that the 
forward nuclear glory scattering occurs. 
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The reaction cross section at intermediate energies for 
a variety of neutron rich isotopes with energies ranging 
from 50 to 70 MeV/nucleon is calculated. The Glau-
ber and WKB approaches considered are described in 
details in ref. [1]. The imaginary optical potential is 
determined by knowing the profile function t(b), see 
ref. [2]. The Pauli-blocking "in-medium" correction in 
the optical potential were included. The real nuclear 
optical potential is determined by the double folding 
expression with no energy dependence. Both potenti-
als, real and imaginary, depend on the nucleon densi-
ties. The densities are from the relativistic mean field 
theory. Comparison with experimental data is done. 

[1]M.S. Hussein, R.A. Rego and C.A. Bertulani, Phys. 
Rep. Vol.201, N.5, ( 1991 ) 279. 

[2]A. Vitturi and F. Zardi, Phys. Rev. C, Vol. 36, N. 
4, (1987) .1404. 

Spontaneous cold fission and cluster 
radioactivity half lives calculation 
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In the last two decades cluster radioactivity and spon-
taneous cold fission phenomena have called attention 
both, from the experimental point of view [1,2], and 
the theoretical framework[3,4,5]. These processes are 
explained in terms of the models by including shell ef-
fects, and the results obtained in this context are in 
good agreement with the data. 
After the observation of nuclear decay of 234 U in two 
symmetric nuclei with total kinetic energy very near 
of the available energy for the decay (Q-value), it has 
been detected others cold fission processes ( 230Th[2], 

24e,242pn[2,7], a4scm[1,8]  and 252016,91). Besides the 
cluster radioactivity process, the cold fission phenome-
non has been considered as the newest source of infor-
mation about the fission path from the sadle point to 
the scission. Theoretical approaches have tried to un-
derstand the alpha decay, exotic cluster emission and 
cold fission processes through an unifyed model[3]. 
In the present work we introduce half lives calculations 
of a large range of nuclei in order to predict possible 
new candidates to experirhental research. We applied 
our previous unified model[4,5], discussing the use of 
different inertial coeficients on the result of half lives 
and yields of cold fission fragments_ 
[1]A. Benoufella et al., Nucl. Phys. A565 (1993) 563. 
[2]M. Asghar et al., Nucl. Phys. A560 (1993) 677. 
[3] E. Stefanescu, W. Scheid, A. Sandulescu and W. 
Greiner, Phys. Rev. C53 (1996) 3014. 
[4]S.B. Duarte and M. Gonsalves, Phys. Rev. C53 
(1996) 2309. 
[5]M. Goncalves and S.B. Duarte, Phys. Rev C48 
(1993) 2409. 
[6]H. H. Knitter, F. J.. Harnbsch and B. Jorgensen, 
Nucl. Phys. A536 (1992) 221. 
[7]M.A.C. Hotchis et. al, Nucl. Phys. A530 (1991) 
111. 
[8]G.M. Ter Akopian et. al, Phys. Rev. Lett. 73 
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Pious and kaons have been intensively studied in the 
last two decades in the relativistic heavy ions reactions 
context[1,2]. A renewed interest in the photoproduc-
lion of particles has appeared in order to explore: the 
in-medium photon-nucleon interaction by using inter-
mediate energy (0.5-2.0 GeV) monochromatic beams. 
It is observed that photonuclear reaction yields have 
been currently interpreted in the framework of a two-
step interaction model. A rapid intranuclear cascade 
phase develops from binary intranuclear collisions, re-
absorption of photoproduced pions, and scattering of 
recoil nucleons. During the second reaction stage the 
excited residual nucleus cools down by a mechanism 
of competition between fission and particle evaporation 
processes [?, 3] 
Recently, we proposed a many body cascade calcula-
tion for the rapid phase which takes into account the 
dynamical evolution of the multiparticle collisional pro-
cesses[4]. Results of this model showed that the pion 
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multiplicity is strongly sensitive to the multiparticle dy-
namics. 
Kaons have already been recently observed as being 
produced in the y -proton reactions[5,6,7]. An inves-
tigation for the 7-A reaction have been carried out in 
order to explore new informations about the effects of 
the nuclear medium in the photon absorption mecha-
nism. The main observable of the present calculation 
is the kaon multiplicity and photonuclear kaon produc-
tion cross section. The results obtained show that the 
Fermi motion and nuclear binding energy has a remar-
kable effect for kaon production near threshold. 
[I] J. Cugnon, T. Mizutani e 3. Vanderrneulen, Nuc. 
Phys, A352 (1981) 505. 
[2]M. Goncalves, E.L. Medeiros and S.B. Duarte, Phys. 
Rev. C55 (1997) 2625. 
[3]V.S. Barashenkov, F.G. Gereghi, A.S fljinov, G.G. 
Jonsson and V.D. Toneev, Nncl. Phys. A231. (1.974) 
462. 
[4]M. Gonsalves et al. , to appear in Phys. Lett. 13. 
[5]M. flockhost et al., Z. Phys. C63 (1994) 37. 
[0] L. Mazzaschi et al. , Nucl. Inst. Meth. Phys. lies. 
A346 (1994) 441. 
[7] P. Corvisiero et al. , Nucl. Inst. Meth. Phys. Res. 
A346 (1994) 433. 
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Recently we have presented a realiable determination 
of the ion-ion potentials for the IG O + 58' 6"2."Ni 
systemsL1,21 , at the large interacting radius (9.5 < k < 
11.5 fm),by measuring the elastic (1% precision) and 
inelastic (2±) cross sections at sub-barrier energies. In 
the present work, we have extended those studies to the 
18 0 + systems, and we have investigated: 0 the 
influence of the neutron transfer processes in the de-
termination of the ion-ion potentials using the coupled 
channel (CC) analysis of the data, ii) the comparison 
between the resulting CC ion-ion potentials and the 
theoretical calculations using the Double-Folded met-
hod and Shell-Model densities, iii) possible influence of 
the two neutron transfer process in the measured fusion 
cross sections for the 56. 180 + 58,6°NiN. 
[1]C. Chamon, D. Pereira, E. S. Rossi jr., C. P. Silva, 
H. Dias, L. LOIISa11.o and C. A. P. Ceneviva, Nucl. Phys. 
A597, 253 (1996). 
[2]L. C. Chamon, D. Pereira, E. S. Rossi jr., C. P. 
Silva, R. Lichtenthaler Filho and L. C. Gomes, Nucl. 
Phys. A582, 305 (1995). 
[3]C. P. Silva, D. Pereira, L. C. Chamon, E. S. Rossi 
Jr., C. Ramirez, A. M. forges and C. A. Aguiar, Phys. 
Rev. C55, 3155 (1997). 
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