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I. INTRODUCTION 

This report is a summary of the research activities 

pursued during the period extending from January 1981 to December 

1982 at the university of Sio Paulo Pelletron Laboratory. It is 

gratifying to see the increase of pace and extension of involve

ment on the part of our researchers which these reports indicate. 

It is unfortunate that some of the users refrained from submit

ting a description of their activities and thus the full panorama 

is not represented here. 

We take this opportunity to express our appreciation 

to our technical staff for their invaluable help in the mainte

nance and improvement of the accelerator and its peripheral equip

ment. This cooperation has resulted in an almost ideal performance 

of the Pelletron. 

The support extended to us by the Computer Personnel 

is gratefully acknowledged. They have struggled with an obsolete 

and ailing model - IBM to supply us as efficiently as possible 

with the on and off line facilities necessary for our work and 

were able to salvage for us about 50% of the total accelerator 

time which was available. He are enthusiastic that during 1983 

a VAX 780 computer will be installed and that this loss of 

efficiency will be remedied. 

The presence of visiting professors and researchers 

in our laboratory is always a great stimulation and our appre

ciation of their endeavors and the contributions which they have 

made is utmost. 

To the various agencies FINEP, CNPq, FAPESP and 

the university of São Paulo we extend our grateful recognition of 

the vital role they assume in our research progress by extending 
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their financial support. 

Finally we express our gratitude to Dr. Violeta 

Gomes Porto for her untiring efforts in assembling this report 

for us. 

Prof. OSCAR SALA 
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II. EXPERIMENTAL NUCLEI PHYSICS STUDIES 

1. THE 12C(d,n)I3ti INACTION BETWEEN Kd=7.0 AND 13.0 MeV 

H.R. Schelin , K. Parrelly Pessoa, W.B. Wylie+, 

E.W. Cybulska, K. Nakayama, L.M. Fagundes and 

R.A. Douglas 

The reactions 12C(d,n )13N and ^Ctd,^) l3M 

(E =2.365 Me»v) vere selected to study the (d,n) stripping 

process in p-siiell nuclei where it is known that compound nucleus 

formation persists up to rather high incident energies. The 

measurements consist of three angular distributions ab i:,=7#0, 

9.1 and 13.0 MeV (Fiy. 1) plus; an excitation curve at í ,=25° 

between Ed - 10.6 and 13.0 MeV (Fig. 2). 

Time of flight techniques were used for 

neutron detection and a typical spectrum is shown in Fig. 3. 

The carbon targets were self supporting films of polystyrene 

of nominally 2 mg/cm2 thickness. Details of the beam pulsing 

system, the time of flight electronics and the scattering 

1 2) 
chamber have been reported previously ' 

For analysis of the data, the energy averaging 

techniques of Hodgson ' 'were employed in order to allow the 

direct and compound nuclear mechanisms to be added incoherently. 

To this end, an angular distribution at 11.8 MeV measured by 

dutchler et al. was added to our data. Since the 

Mutohler cross sections are consistently 30% higher than our 

t-TA, lEAv/FEX, Sao José dos Campos, Brasil 

Departamento de Física Aplicada, IFciW, UNICAMP, 
Campinas, Brasil 
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measurements, normalization of this data was made in reference 

to our excitation curve. The energy averaged angular distributions 

obtained at 8.0 MeV and 12.4 MeV for the ground state neutrons 

are shown in Fig,4 and 5 respectively and at 12.4 MeV for the 

first excited state neutrons in Fig.6. 

For the ground state neutrons the analysis of 

these energy averaged cross sections was made in the following 

way. The distorted wave Born approximation (DWBA) stripping 

analysis was calculated using the computer code DWUCK4 of Kunz 

The optical model parameters which were employed are given in 

ri'abie 1. Mon locality factors of U.54 F for the deuteron and 

0.65 F for the proton and neutron wave functions ware used. 

The finite range correction was r=0.65 F. Partial waves up 

to L=10 were considered in the calculations. No lower cutoffs 

were used in the UWBA radial integral and a maximum radius of 

20 F with an integration step of 0.1 F was found to be adequate. 

The results of these calculations are shown (dashed curve) at EJ=8.0 

and 12.4 MeV in Fig. 4 and 5, respectively. The cross sections for 

compound nucleus formation were calculated using the Hauser-

Feshback theory as incorporated in the computer code of 

7) 

j. Wilmore . The decay modes of the compound system which 

were included are the deuteron, neutron, proton and alfa channels. 

Optical parameters for the proton and alfa particle are also 

given in Table 1. From the reaction thresholds for these 

various channels, it was found that a total of 18 channels 

contributed significantly to the C.N. formation and decay at 

E,=8.0 MeV and 44 channels at Ed«12.4 MeV. The results also 

appear in Fig. 4 and 5 (dash-point curves) along with the 



TABLE 1 

r a »=4W„ r„ 
v v o w 

deuteron -118.0 0.887 0.928 24.44 1.52 

neutron -44.8 1.313 0.66 36.76 1.26 

proton 1.25 0.65 

TABLE 1 

V r v ^ V*=4WD 

12C+p 54 1.25 0.65 28 

^ ^ s o rao a so r c *"' 

0.790 -10.0 0.887 0.928 1.3 9) 

0.48 -10.0 1.115 0.57 1.3 3) 

rw ^ Hef. 

1.25 0.47 10) 

12C+c* 80 2.07 0.55 16 2.07 0.30 11) 
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experimental points. The solid curve of Fig. 4 at E,=8.0 MeV 

was ootained with "i direct interaction reduction factor of 0.55 

and a Hauser-Feshbach factor of 0.40. The solid curve of 

Fig. 5 at Ed=12.4 MeV was obtained with a direct interaction 

reduction factor of 0.41 and a Hauser Feshbach reduction factor 

of 0.40. 

The analysis of the first excited state neutrons 

was similar in principle to the ground state case described 

above. This neutron group, however, leaves the residual 

nucleus 13N in a state which corresponds to the sharp proton 

resonance at 2.365 MeV excitation. The state is the unbound 

mirror of the first excited state of 13C. Stripping to an 

unbound analog state was treated by Pessoa and Piza ' who 

conclude that the dominating term in the resonant form factor 

is the parent state wave function. Thus our stripping analysis 

for the ni neutron group consisted of the usual DWBA analysis 

described earlier but for which the single particle description 

of the residual nucleus corresponds to the parent state in l3C 

which is a 2S1/2 neutron bound by 1.85 MeV to the
 12C core. 

All sets of optical potential parameters used 

for the ni analysis are the same as those described in the nQ 

case. Fig. 6 shows the DWBA (dashed curve) and the Hauser-Feshbach 

predictions (dash-point curve) for this channel. The solid 

curve was obtained as the best fit to the experimental points 

using a direct interaction reduction factor of 0.28 and a 

Hauser-Feshbach reduction factor of 0.65. 
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2. THE 10t 11Btp,n)10»uC REACTIONS* 

H.R. Schelin+, E. Farrelly Pessoa, W.R. Wylie+, 

J.L. Cardoso Jr. and R.A. Douglas 

In order to corroborate Lane model calculations 

and polarization data from other laboratories we have begun 

measurements of neutron cross sections from the proton 

bombardment of 1 0' nB. The Pelletron bunched beam and time-

of-flight system were used. The time resolution (FWHM) of 

the system was 1.5 ns. The detector was a shielded 12x2.5 

cm NE 213 scintillator with nA discrimination at a flight 

distance of 4 meters. 

Targets were made by centrifugal deposition of 

enriched isotopes of boron in a colloidal suspension in a 

collodion binder onto a mylar backing. Target thickness 

measured by energy loss of 5 MeV alpha particles was 2.3 mg/ 

cm for 10B and 3 mg/cm for n B . For evaluating the back

ground caused by the binder and backing,targets were made 

by centrifugal deposition of the binder only, without boron. 

A small NE213 scintillator with a time window set on the 

target gamma rays was used as a monitor of target conditions. 

The monitor count rate, normalized to integrated charge, 

reproduced for each spectrum to ^2%. The targets were mounted 

in a light-weight scattering chamber and the beam was 

stopped 1.5 m beyond the target in a shielded beam dump. 

With this system T.O.F. spectra with very small background 

* Partially supported by CNPq 
+ CTA, IEAv /FEX, Caixa Postal 6044 - 12200 - São José dos 
Campos, Brasil 

•+ Departamento de Física Aplicada - I.F.G.W., UNTCAMP -
Campinas, Brasil 
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were obtained at angles from 20° to 150° in steps of 10° at 

a bombarding energy of 14 MeV. A spectrum obtained with 

no target in position showed a negligible number of counts. 

At 15° there was a leakage of neutrons and Y'S from the 

beam dump. At zero degrees with beam stop shielding 

removed there is a large continuum background from the beam 

stopping in lead. A small background measured with the 

binder-only target was subtracted from the spectra. Fig. 1 

shows a typical T.O.F. spectrum of nB(p,n)uC. At each 

angle we were able to identify 6 or 7 peaks which correspond 

to neutrons which leave l lC in excited states. The spectra 

at the various angles are presently being analyzed by a 

curve-fitting program in order to unfold the various peaks. 

T.O.F spectra of the 10B(p,n)I0C reaction were 

measured at 10 angles. The reduction of these data were 

complicated by a significant (̂ 10%) fraction of n 3 in the 

target. Since the llB(p,n) cross sections are considerably 

larger than those of loB(p,n)10C the M B peaks appear in 

the 10B data with appreciable intensities. This background 

was removed by subtracting an appropriately normalized 

nB(p,n) spectrum taken at the same angle. Fig. 2 shows a 

typical 10B(p,n)10C T.O.F. spectrum after this correction. 

The measured angular distributions will be analyzed with 

2) the DWBA-76 code ' which includes exchange effects. 

REFERENCES: 

1. See Annual Report 1980. 

2. R. Schaeffer and J. Raynal Computer code DWBA70, 

unpublished 

- oOo -



17. 

3. ANALYSIS OF THE 7Li(p,p')7Li and the 7Li(p,n2)
 7Be* 

CROSS-SECTIONS* 

E.W. Cybulska, E.Farrelly Pessoa, R.A. Douglas 

A. Galonsky+++ 

Differential cross sections for the inelastic 

scattering of 12.0 MeV protons from a 7I.i target (1= j ,T=i) 

to the (| , ~) E x = 0.478 MeV and the (| ,j) E x = 4.63 MeV 

levels in 7Li and the charge exchange scattering of 12.8 HeV 

protons to the (=• , i) E =4.55 MeV level in 7Be have been 

previously measured at this laboratory . These data are 

being analyzed along the lines prescribed by Petrovich et 

2) al. which use a microscopic interaction model within the 

framework of the distorted wave Born approximation. The 

calculations are incorporated in the updated computer code 

DWBA76 developed by Schaeffer and Raynal . The microscopic 

potential is an effective nucleon-nucleon interaction, known as 

4) the G-matrix interaction of Bersch et al. that provides 

central interaction strengths which include spin flip, non-

spin flip isovector and spinflip-isovector terms plus non-

central spin orbit and tensor interaction strengths. 

Appropriate Yukawa form factors are used for all the 

interactions. 

The 7Li optical potentials are the geometry 

5) averaged ELi potentials of Bray et al. extrapolated to 

our incident energy. The same parametrizatinn was used for 

the proton and neutron channels. These were adopted to 

+ Partially supported by CNPq 
++ Departamento de Física Aplicada, I.F.G.W., UNICAMP, 

Campinas, Brasil 
+++ Michigan State University, East Lansing, Michigan, USA. 
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2) 
insure consistency with the Petrovich et al calculations 

at higher energies. In addition, "best fit" optical 

parameters obtained from our E =12.0 MeV elastic 

scattering data were also employed. 

The proton-neutron Z coefficients (particle-

hole p-shell spectroscopic factors} were obtained from 

2) 
Petrovich et al. for a pure LS-coupling shell model 

description of the nuclear levels. For quadrupole transitions, 

enhancement factors, also tabulated in the Petrovich et al. 

2) J 
article , were applied to the Z coefficients. 

Both transitions in 7Li, the (| |)+ (i |) 

3~"l 7~1 
and the (j j) -* (=• T?) are principally AL = 2, AS = 0, AT=0 

and AJ = 2 transitions. These quadrupole transitions are 

dominated by the spin and the isospin independent term in 

the effective interaction i.e. the interaction component 

2) 
g.p.m = 9 • Petrovich et al. have shown that the AL=0 
'ASAT ^oo 

contributions to these cross sections which would depend 

on the spin flip (g ) and the spin-isospin flip (g ) 
10 11 

terms are negligible. 

The theoretical results for the levels in 

7Li, shown bi the continuous line in Fig. 1, overestimate 

the measured cross sections by a factor of approximately 

two. This tendency is in agreement with the results of 

2) 
Petrovich et al. who found it necessary to multiply his 

calculated cross sections by the factor F=0.61 in order to 

fit the experimental cross sections at E = 25.0 MeV. 

The dotted lines in Fig. 1 are our theoretical results 

obtained with the best fit optical parameters mentioned 
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previously. These results show better agreement in terms 

of the absolute values but give poorer predictions for the 

shapes of the angular distributions. 

The results of the analysis for the 7Li(y ^)-* 

7 7~1 

Be(j j) transition are shown in Pig. 2 along with the 

experimental points. This is predominantly a AL=2, AS=0, 

AT=1, AJ=2 guadrupole transition dominated by the g 

interaction component although, as can be seen in the 

figure, a small amount of AL=2, AS=1, AT=1 and AJ=3 

dominated by a g component is present. For the AJ=2 case, 

two curves are shown, one which corresponds to the inclusion 

of only the direct components of the complete G-matrix 

interaction and the other which includes direct-plus-exchange 

components. The direct interaction accounts for the magnitude 

of the experimental cross section although at the larger 

scattering angles, the experimental values fall off more 

rapidly. The direct-plus-exchange interaction is not able 

to account for either the magnitude or shape of the 
2) experimental results. Although Petrovich et al. did not 

analyze this particular transition at higher energies, their 

theoretical results for the transition to the 7Be ground 

state, also dominated by the gQ^ interaction component, had 

to be multiplied by the factor F = 0.61 at E = 26.0 MeV 

and F = 0.68 at E =45.0 MeV in order to fit the experimental 
P 

cross sections. Our results do not permit any such reductions 

in the g interaction strength. 
o l 

In addition, the importance of including exchange 

amplitudes in the calculations, emphasized by Petrovich et 

2) 
al. , is not as apparent from our results. However, it is 
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risky to draw any far reaching conclusions from such low 

energy data since in all probability some account should be 

made for the flux which may go via the compound nucleus into 

the outgoing channels. If this is done both the magnitude 

and shape of the theoretical cross sections are altered. 

In Fig. 3 the results of the calculations using 

"best fit" optical parameters are also shown. An insuffi

ciency to account for the magnitude of the measured cross 

section persists. However, the shapes of the predicted cross 

sections give a better fit to the experimental points as can 

be seen by the solid line which represents the direct inter

action calculations multiplied by the factor F=1.85. The 

necessity of including the exchange amplitude is still not 

clear-cut in this case. 

REFERENCES: 

1. E.W. Cybulska, Doctoral Thesis, University of São Paulo, 
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4. LIFETIME MEASUREMENTS IN '*Zr 

R.M. Anazawa , R.V. Ribas, W.A. Seale and M.N. 
** 

Rao 

Levels in ''Zr up to an excitation energy of 

^2.4 MeV were populated by means of the 8,Sr(a,n) reaction. 

Gamma-ray excitation functions and angular distributions were 

measured with incident alpha energies of 9.18 to 10.8 MeV, 

using a Ge(Li) detector. Lifetimes of several of the excited 

states may be extracted from the data based on the analysis 

of Doppler shifted gamma-ray line shapes. A typical result 

of such an analysis performed with the program SHAPE , is 

shown in Fig. 1 for the 1.466 MeV 5/2+ level in 91Zr. A 

Monte Carlo program has also been developed to simulate 

Doppler shifted gamma line shapes obtained with (ot,p) and 

(a,n) reactions. 

REFERENCE: 

1) E.K. Warburton, J.W. Olness and A.R. Poletti, Phys. Rev. 

160./ (1967) 938. 

Supported by FAPESP 
** 
Partially Supported by CNPq 
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5. COULOMB EXCITATION OF , MOs 

S. Jha*, M.N. Rao**, R.V. Ribas, E.W. Cybulska, 

W.A. Seale, J.D. Rogers*** and G.M. Julian 

Coulomb excitation studies of ^'Os have been 

carried out with l60 beams of 45 to 63 MeV incident energy , 

using thick targets of natural osmium and 95% enriched 1É,0s 

metal. A singles gamma spectrum at the incident energy of 

56 MeV obtained with a Ge(Li) detector subtending a large 

(-90°) solid angle at the target is shown in Fig. 1. Fig.2 

shows the gamma spectrum obtained in coincidence with 

backscattered 'sO projectiles. The rotational bands 

built on the ground 3/2" (512) and the 36 keV 5/2"(510) 

states have been tentatively identified up to the spin of 

11/2"(Fig. 3). 

A gamma-ray at -667 keV seen both in the singles 

and coincidence measurements shows a Doppler shifted line 

shape, and is tentatively assigned to the deexcitation of a 

level at-671 keV seen in deuteron inelastic scattering with 

an £. transfer of 2. It should be possible to extract the 

lifetime of this level with Doppler shifted y-ray line shape 

analysis. 

* University of Cincinnati, U.S.A., Partially supported 
by CNBN and CNPq 

** Partially supported by CNPq 
*** Departamento de Física Aplicada - I.F.G.W. - UNICAMP, 

Campinas, Brasil 
+ Miami University, U.S.A. 
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Fig. 3 

We plan to measure y-ray angular distributions 

and Y-Y coincidences and to extend the Coulomb excitation 

studies to 1870s in the near future. 

REFERENCE: 

1. P. Morgen et al., Nucl. Phys. bl51, (1975)477. 

D. Bunson Jr. et al., Phys. Rev. £14, (1976)2095. 
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6. SEARCH FOR APPROPRIATE NUCLEAR PROBES FOR MEASUREMENTS 

BASED ON HYPERFINE INTERACTIONS 

A. Hrynkiewicz*, M.N. Rao**, R.V. Ribas, W.A. 

Seale, E.W. Cybulska, W.R. Wylie*** and J.C. 

Acquadro 

The 742 keV level in 5 JFe and the 751.7-keV 

level in i7Ge (Ti/i - 70 ns) may be used for in-beam experiments 

based on magnetic and quadrupole hyperfine interaction. 

To study the cross sections for the formation 

of these nuclei, excitation functions of the ''Kt160,np)53Fe, 

5'Fe(lsO,an)s7Ge and 5tFe (* ̂ N^np) s7Ge reactions were 

measured in the incident energy range of 34 to 56 MeV. 

The S6Fe f1 l*N,2np) channel was found to be 

encouraging. A gamma spectrum following this reaction at 

49 MeV obtained with a Ge(Li) detector is shown in Fig. 1, 

where the 734 keV gamma ray in 67Ge may be clearly seen. The 

formation of the 6 7Ge nucleus was also confirmed by measuring 

the half-life for the 3* decay of 67Ge(Ti/2=19 min) nucleus 

to the 167 keV level in *7Ga. The life-time of the 751.7-keV 

state in 6 7Ge was measured using a pulsed 'HN beam with a 

time resolution of 5.1 ns. Fig. 2 shows the prompt and the 

delayed time spectra. He obtain a value of 70 ns for the 

* Institute of Nuclear Physics, Cracow, Poland 
** Partially supported by CNPq 
*** CTA, IEAv /FEX, São José dos Campos, Brasil 
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half-life of the 751.7 keV level in 67Ge, in agreement with 

the previously known value. 

At this stage of preliminary experimentation 

it is hard to decide whether the bump observed on the delayed 

time spectrum is due to the magnetic interaction in unpolarized 

Fe or is of instrumental energies. However, it should be pointed 

out that the position in time of the observed bump corresponds 

to the expected frequency. 
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7. MEAN LIFE OF THE 658 keV (0+, T-l) LEVEL IN I2Na 

B.T. Neyer*, W.A. Seale**, E.H. Berkowitz***, 

R. Avida , D.L. Clark , J.S. Dunham*, R.T. 

Westervelt*, S.S. Hanna* 

The mean life of the lowest 0 , T=l level in 

22Na has been measured by the recoil distance method. The 

reaction l,F(a,nY) was studied at an alpha bombarding energy 

of 3.7 MeV to avoid upper level feeding. The 74 keV transition 

y ray was detected with a Si(Li) detector with a resolution 

of about 540 eV. Fitting the spectra with two Gaussian peaks 

and a standard analysis yields preliminary results of 27+ 2 ps. 

However, we plan to do a Monte Carlo simulation of the Doppler 

shifted peak, taking into account the known stopping processes, 

and detector and reaction characteristics. 

* Stanford University - Stanford, U.S.A. 
** Supported by FAPESP 
***Varian Assoc. - Palo Alto, U.S.A. 
+ Nuclear Research Centre - Negev, Israel 
++ University of Rochester - Rochester, U.S.A. 
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8. ENERGY LOSS OF HEAVY IONS IN SOLIDS 

*+ + 
R.V. Ribas , w.A. Seale and M.N. Rao 

The stopping cross section for silver ions in 

various solids was measured as a function of ion velocity. The 

Doppler effect in the energy of gamma rays emitted by Coulomb 

excited nuclei was used to measure ion recoil velocity. The 

stopping cross sections show an oscillatory dependence on the 

atomic number of the stopping medium, (see Fig. 1) similar to 

that reported for the stopping of alpha particles, but with 

some particulars not shown by light ions. 
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* Work done in partial fulfillment of the requirements for the 
Ph.D. degree 

+ Partially supported by CNPq 
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9. STUDY OF THE EFFECT OF NUCLEAR DEFORMATION ON THE FUSION 

OF THE »*-i»o+'"-$0Ti SYSTEM 

R. Liguori Neto, J.C. Acquadro, P.R.S. Gomes*, 

A. Szanto de Toledo*, J. Barreto**, E. Crema 

Recent studies have shown the importance of 

nuclear structure effects on heavy ion fusion reactions at 

energies near and below the Coulomb barrier. An example of 

this effect was shown in Stokstad's work , where the 

u0+ 1 1"" 1 s*Sm system was studied and the fusion cross section 

changes dramatically for the different Sm isotopes. 

Our aim is to observe such effects on lighter 

systems, and in order to do so we have begun the study of the 

i 6-i «o+'*s"50Ti system. As the fusion cross section near and 

below the Coulomb barrier is quite small, it seems to us that 

che in-beam gamma ray spectroscopy method is a suitable tool 

for its investigation. 

The in-beam spectroscopy method consists on the 

observation of the gamma rays produced by the decay of the 

compound nucleus 62~66Zn formed by the fusion reaction. The 

identification of the gamma rays following the evaporation of 

the compound nucleus, in both in-beam and decay spectra (for 

unstable residual nuclei with suitable half lives) allows the 

study not just of the compound nucleus formation but also the 

decay channels, and therefore brings substantially more 

* Partially supported by CNPq 
**Universidade Federal do Rio de Janeiro - Rio de Janeiro, 
Brasil - Partially supported by CNPq 
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informations about the reaction than other methods. 

Fig. 1 shows part of a gamma spectrum, 

obtained at the incident energy of E. .=43 MeV, with the 

detector at an angle of & =90°, for the 1'o+,,,Ti system. 

Preliminary measurements have been obtained 

with the lsO+l,,Ti system. We have measured its relative 

excitation function at laboratory incident energies of 31; 

34; 37.5; 40.3; 50; 57r5; 61.5 and 70 MeV, with the detector 

at 6 =90° and an angular distribution (6 =90°, 70°, 55°, 40°, 

15°, 0 ) at ET~h=$7-5 MeV. Gamma ray spectra for both in-

beam and decay spectra have been obtained. 

The analysis of the spectra consists in the 

identification of the residual nuclei following the compound 

nucleuo decay through the energies, intensities and angular 

distributions of the gamma transitions of these nuclei, as 

well as of the possible contaminants (1B0,12C) and background 

radiation. 

The decay channels identified are 

2o(56Fe) 2np(61Cu) 2ap(55Mn) an(59Ni) 

3a(52Cr) 2an(55Fe) a2n(58Ni) a(SBNi) 

2pn(61Ni) apn(5eCo) p(61Co) 

2) 
The data are analysed by the SAMPO code . In 

order to determine the cross section for a decay channel the 

only relevant gamma transitions are the ones in which the final 

state is the ground state. Apart from the area of these 

gamma transitions we must measure also the integrated charge, 

the target thickness and the detector efficiency in order to 
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determine the absolute cross section. 

Fig. 2 shows the relative excitation function 

of each of the transitions to the ground state of the residual 

nucleus 61Cu(2np), as well as their sum. 

Some calculations have been made with the aid 

of the evaporation code ALICE for the different decay channels 

of the 61fZn compound nucleus. Fig. 3 shows the absolute 

cross sections for the most important decay channels as a 

functions of the incident energy. These calculations reproduce 

the form of the 2np(6ICu) channel relative excitation function 

obtained experimentally. 

We plan to go on with this study by finishing 

the measurements of the 16o+'*8Ti system (another angular 

distribution and some more data at energies iiejir the Coulomb 

barrier) and by measuring the other l s _ 1 8o+ V 5- 5 0Ti systems. 

The results will be compared with the theoretical statistical 

4) 
model predictions by the LILITA code , already available at 

our laboratory. 

REFERENCES: 

1) R.G. Stokstad et ai. , Phys.Rev. Ç2J., (1980), 2427. 

2) J.T. Rcutti, S.G. Prussin, Nuclear Instruments and Methods 

22 (1969) 25 

3) M. Blann: Evaporation Code "ALICE", Nuclear Structure 

Research Laboratory, University of Rochester, N.Y,, U.S.A., 

and J. Barreto* Private Communication. 

4) J. Gomes del Campo et ai., Physical Review Ç19 (1979) 2170. 
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10. STUDY OF THE FUSION CROSS SECTIONS OF lsO+s7Fe and l*N+5,Co 

LEADING TO THE SAME 73Se COMPOUND NUCLEUS 

* ** 
E.e\ Chagas , P.R.S. Gomes , R. Liguori Neto, 

J.C. Acquadro, M.N. Rao**, W.A. Seale, R.V. Ribas 

We are investigating the fusion cross sections 

of two different systems (1B0+57Fe and '"N+5'Co)leading to 

the same compound nucleus (73Se) by the detection of the gamma 

rays emitted by the residual nuclei. A possible influence of 

the entrance channel on the formation-deexcitation of the 

compound nucleus may come out of these experiments. 

Preliminary data have been obtained with the 

"o+ 5 7Fe reaction. Gamma ray spectra of the residual nuclei 

following evaporation have been measured at six incident 

energies (35; 42; 49; 59; 63 and 72 MeV) for both in-beam and 

decay spectra, using a 2*6 keV resolution Ge(Li)detector. 

The data were analysed by the SAMPO code 

Through the identification of gamma ray lines of both in-beam 

and decay spectra the following residual nuclei were identified: 

67»S9Ga, fi7»68»69/70Ge, 70f71As corresponding to the following 

decay channels» npa, pa, a2n, an, a, 2pn, 2np, np respectively. 

We have just begun the measurements of the 

,l,N+s,Co reaction, using a 1.9 keV resolution Ge(Li) detector 

and 1.0-2.0 mg/cm2 cobalt targets. Excitation function and 

angular distributions are being obtained. The data are 

* CTA-IEAv/CTA - São José dos Campos - Brasil. 
** Partially supported by CNPq. 
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being analysed by the SAMPO code and will be compared with the 

theoretical statistical model predictions by the LILITA code 

recently implanted in our laboratory. We also plan to obtain 

some spectroscopic information about some of the residual 

nuclei, particularly 71As by -y-y coincidence measurements 

REFERENCES: 

1) J.T. Routti, S.G. Prussin, Nuclear Instruments and Methods 

72_ (1969) 25. 

2) J. Gomes del Campo et ai., Phys. Rev. C19 (1979) 2170. 
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11. THE EFFECT OF a-TRANSFER REACTION ON THE ELASTIC SCATTERING 

OF 12C+2,,Mg 

R. Lichtenthâler Filho , A. Lépine-Szily, 

A.C.C. Villari , w. Mittig, V.J.G. Porto anrl 

C.V. Acquadro** 

Angular distributions of elastic scattering 

21,Mg(12C,,2C)z,,Mg and of the 2"Mg(' 2C,' *0)2 °Ne g.s. transfer 

reaction have been measured at 40 MeV incident energy, 

respectively in the 2^°^rv< i115° a n d 20°if)CM -
6 0° a n^ u l a r 

regions. 

We have used a system of 3 telescopes formed 

by 3 gas proportional counters (signal AE) and 3 surface 

barrier Si detectors ( ijnal E-AE). 

The elastic scattering data were primarily 

analysed with optical model calculations. With this analysis 

we have fitted angular distributions ' of the I?C+21,Mg 

elastic scattering in a large range of bombarding energy, 

19 MeV£EL j<40 MeV in the forward angle region. 

In order to reproduce the oscillations observed 

in the elastic angular distribution in intermediate angles we 

have considered the effect of the '«-transfer channel 

2"Mg(l2C,1*0)20Ne in the elastic channel by the process 

12C+21,Mg _>16O+20fJe — -12C+2*Mg. 

* Supported by FAPESP 
** Supported by CAPES 
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This effect was calculated using the coupled 

channel extension of the closed formalism developed by W.E. 

Frahn and M.S. Hussein 

In this formalism the total elastic amplitude 

can be written as a çum of two terms: 

fQ(e) = ?(6) + f(e> 

o ~ * 
f (8}+f(6) 

o 
where f(6) is the elastic amplitude without the 

effect of coupling and was calculated by using the partial-wave 

summation. 

?(0) = - - (£+—)| 1 - Sp(k)| Pfl (cos 6) 
k I 2 * £ 

where the elastic S-matrix is described by 

Ericson parametrization: 

§ 1 
1 l+exp(£2z£_ia) 

A 

Where the parameters £g and A were chosen in 

order to reproduce the S-matrix generated by the optical 

potentials described above. 

The f(0) describes the effect due to the 

coupling between the considered channels, and is determined 

and dg 

dil 
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by the characteristics of the a-transfer process. 

The parameters that define the form and the 

absolute magnitude of f(6) were determined by a fit of the 

transfer data, using Frahn's closed formalism for transfer 

4 5) 
reactions ' , presented on Fig. 1. 

The total elastic cross-section calculated 

with and without coupling is presented on Fig. 2. The 

coupling to oi-transfer channel can explain in a consistent 

way the oscillations seen in intermediate angles. 

REFERENCES: 

1) Y. Kono and W. Mittig, unpublished 

2) M.C. Mermaz, A. Greiner, B.T. Kim, M. Levine, E. Muller, 

M. Rusav, M. Petrascu, M. Petrovici and V. Simion» 

Phys. Rev. ÇJ24, (1981) 1512. 

3) W.E. Frahn, M.S. Hussein, Nucl. Phys. A346, (1980) 237. 

4) W.E. Frahn, Phys. Rev. C2J., (1980) 1870, 

5) R. Lichtenthâler Filho, A. Lépine, A.C.C. Villari, w. Mittig, 

V.J.G. Porto and C.V. Acquadro, Physical Review Ç26. 

(1982) 2487. 
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12. THE EFFECT OF a-PICKUP AND a-STRIPPING REACTIONS ON THE 

ELASTIC SCATTERING OF 2,Si+lsO AT E„u=31.6 MeV 
CM 

A. Lépine-Szily, O. Portezan Filho*, R. 

Lichtenthâler Filho*, V. Rotberg, A.C.C. Villari* 

The backward and intermediate angle oscillations 

present in the elastic scattering angular distribution of oe-struc-

ture nuclei are the subject of a systematic study. These 

oscillations could be explained as due to the coupling 

between the elastic amplitude and an ct-transfer amplitude in 

the case of 12C+2,,Mg at E .=40 MeV. 

We are applying this same formalism to the 

160+28Si system, taking into account the a-pickup and a-stripping 

transfer amplitudes at the same time. In order to get the 

absolute normalization and the parameters that characterize 

the a-transfer amplitudes, we are measuring the angular 

distributions of the a-transfer reactions 28Si{'60,'2C)32S 

and 28Si(16O,20Ne)2\4g at 49.66 MeV incident energy. 

The angular distributions have strongly 

oscillating patterns and the a-pickup cross section is at 

least one order of magnitude lower than the a-stripping 

cross section at this energy. 

REFERENCE: 

1) R. Lichtenthâler Filho, A. Lepine Szily, A.C.C. Villari, 

W. Mittig, V.G. Porto and C.V. Acquadro - Phys. Rev. £26, 

2487 (1982), 

- oOo -

* Partially supported by FAPESP, CNPq and CAPES 



49. 

13. CONTRIBUTION TO THE STUDY OF THE ELASTIC SCATTERING OF 

12C + 28si* 

* * 
A.C.C. Villari , A. Lepine-Szily, R. Lichtenthãler F9 , 

o. Portezan F9 , CR. Appoloni** 

Angular distributions of I2C + 2 8Si 1 ) elastic 

scattering were measured over a range of bombarding energies 

19 MeV < ET . < 25 MeV at angles 20°<e_ „ < 165°. 

The 12C negative beam extracted from a charae 

2 3) exchange ion source ' and accelerated by the Pelletron 

Accelerator of São Paulo was focused onto a 15 ug/cm2 

SiO- target (enriched to 99,8% in 2 8Si), supported by a 

15ug/cm2 l2C foil containing some ,R,Ta impurity, used to 

normalize measurements. Scattered I2C were detected by a 

45 mm long position-sensitive detector (PSD) at forward and 

intermediate angles or by a anti-coincidence telescope at 

backward angles. 

The great amount of data obtained in this way, 

were automatically analysed off-line. 

Recent measurements made at the Pelletron 

4) Laboratory have shown oscillations in the angular 

distributions of 12C + ?'*Mg elastic scattering at energies 

near the Coulomb barrier. Optical model calculations 

performed with Woods-Saxon potential couldn't give a good 

fit to the experimental data. 

* Partially supported by FAPESP, CNPq and CAPES 

** FUEL, Londrina, PR - Brasil 
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From a least-squares fit of the experimental 

angular distributions one obtains the best phase shifts that 

give an excellent reproduction of experimental data. This 

method of analysis considers that S matrix is given by a 

standard phenomenological parametrization S} plus a small 

fluctuating part is 

A fit at 25 MeV bombarding energy utilizing the 

phase shift analysis is shown in Fig. 1. The S matrix 

elements given by this method are compared with background S° 

matrix elements plotted in the complex Argand-Cauchy plane in 

Fig. 2. 

It can be seen from Fig. 2 that the variations 

6S from the standard S° matrix are very small and that many 

fluctuating terms contribute to the backward rise of the 

angular distribution. 

5) 
Mackintosh has suggested a method of inversion 

in which the interaction potential can be directly obtained 

from experimental data by means of a phase shift analysis 

3 5 - f "< 5S£ = - -i4H- ( u2(r) 6V(r)dr (2) 

V(r) = V(r) + 6V(r) (3) 

o 

where V(r) are given by a standard optical model parametriza

tion. 

We also assume that 6S are not too large, i.e. 

the correction *V(r) is small and the wave-function u (r) 



Fig. 1 - Experimental angular distributions at 25 MeV compared with fit obtained 
utilizing the phase-shift analysis. 
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o 

given by the starting potential V(r) is the same as given by 

total potential V(r). 

So, we can calculate the corrected potential 

V(r) from equation (3) and improve it in an iterative way. 

A code named GISELLE was developed and utilized 

to analyse the 25 MeV angular distribution but unfortunately 

the method didn't present the expected convergence. The 

angular distributions obtained after each iteiation are 

shown in Fig. 3. The potential given after the second 

iteration is shown in Fig. 4. The inclusion of the second 

order term in the expansion of 6S (eq. 2) probably will 

improve the convergence. 

REFERENCES: 
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W. Oelert, G.D. Gunn and F.D. Snyder, Phys. Rev. C20_ 

(1979) 1042. R. Ost, M.R. Clover, R.M. DeVries, N.J. A. 
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14. DETERMINATION OF SULPHUR CONCENTRATION PROFILES USING 

RESONANT NUCLEAR REACTIONS 

V.H. Rotberg 

A nuclear technique to determine the concentration 

profile of sulphur compounds below surfaces was developed with 

the aim of understanding the corrosion mechanism occurring in 

environments which contain S02 . This technique can become 

a powerful tool for metallurgists in order to develop new 

alloys that can withstand the high corrosive action of this gas. 

This will improve the critical situation encountered in coal 

fuelled electricity generation plants in which the average 

lifetime of heat-exchangers is only about 2 years resulting in 

2) very high operational costs 

The technique makes use of resonances for >-ray 

emission in the '"'3 13(p,p»y)32'3"S reaction see (Fig. 1 ) . 

The reaction on 3 2S ' (96% in natural S) is 

almost ideal for this type of work due to the nil background 

between resonances. The existence of more than one resonance 

however sets a cutoff in the depth which can be investigated with

out destruction of the samples (~20um in iron). 

The concentration profile can be deconvoluted 

from measurements of the excitation function of y rays from a 

4) particular sample. The excitation function can be written 

Y(E) = ;C(x)dx /o(E') f(E',x)dE' 

where Y(E) is the measured yield at the incident 

proton energy E 
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a (E ) is the shape of the cross section 

curve for the resonances 

f (E',X) is the beam profile at a depth x in 

the sample 

C(x) is the desired concentration profile 

of sulphur compounds. 

Once measured, the excitation function is fitted 

by varying functions and parameters in order to obtain the 

best fit. 

Fig. 2 shows a typical result of this technique. 

The sample of mild steel was corroded during 16 1/2 hours at 

500°C in an atmosphere containing 10% 02 and 0,5% S0 2 in 

argon. The best fit to the excitation function gives. 

C(x) = erfc {x/2 (Dt) l / z) 

where 

t is the time 

D is the diffusion coefficient 

This distribution arises when a species diffuses 

6) 
into a solid and the concentration in the gas remains constant 

All measurements were taken using the 6 MV 

Van de Graaff Accelerator at the University of Manchester U.K.. 

REFERENCES: 

1) V.H. Rotberg, Nuclear Instruments and Methods n<? 200 (1982) 

511. 

2) See e.g., A.J.B. Cutler, T. Flatley and K.A. Hay, CEGB 

Research - Oct. 1978. 
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3) J.W. Olness, W. Haeberli and H.W. Lewis, Physical Review 
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4) See e.g., H.E. Gove in Nuclear Reactions V.l,ed. P.H. Endt 

and P.B. Smith - North Holland (1962). 

5) A. Baker and D.G. Lees - Mettallurgy Dept.*The University 

of Manchester U.K. 

6) D.J. Neild, P.J. Wise and D.G. Barnes, Journal of Physics 

D5» (1972) 2292. 
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15. THE ANGULAR CORRELATION METHOD FOR ASSIGNING THE SPINS 

OF NUCLEAR STATES AT HIGH EXCITATION ENERGY 

* t + 
J.L. Cardoso Jr , N. Carlin Filho , M.M. Coimbra , 

** 
E. Farrelly Pessoa, E.F. da Silveira , F..M. Rzanto 

and A. Szanto de Toledo. 

Considerable efforts, which involve sophisticated 

experimental arrangements to obtain uncontested spin assign

ments for highly excited states, have been made to determine 

the Yrast states for s-d shell nuclei in order to study their 

rotational structure. Recent observations have shown that 

some of these nuclei namely, 20Ne, 22Ne and 2'4Mg have 

manifested the drastic changes in the Yrast line known as 

"backbending-1"7' . 

Certain heavy ion induced reactions selectively 

populate high spin states in the residual nucleus at excita

tion energies where the density of low spin states is very 

high. The identification of these spin states from the usual 

statistical analysis of the angular distributions of the 

evaporated particle often leads to ambiguous results. A better 

technique which affords more reliable identification of the 

spins of residual states is the particle-particle angular 

correlation method. For the method to be viable certains 

restrictions must be imposed such as zero spin ' ' ' in 

the entrance and exit channels and emission of the second 

particle leading to a residual state with 1=0. For residual 

states of non-zero spin the double correlation function gets 

* CTA/IEAv, Sao José dos Campos, SP, Brasil 
** Departamento de Física, Pontifícia Universidade Católica do 

Rio de Janeiro, Rio de Janeiro, Brasil 
I Supported by FAPF.SP 
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washed out due to the multiplicity of the magnetic substates 

and it's usefulness in spin identification is lost. 

A naturai extension of the double correlation method which 

would increase the applicability is the triple correlation 
4) 

method in which the second particle may lead to a non-zero 

residual spin state if this state decays by gamma emission 

to an 1=0 ground state. By demanding a triple coincidence between 

the two particles and the gamma ray, restriction is still 

imposed on the magnetic substates which are populated and the 

triple correlation function retains its characteristic 

structure. Of course, the addition of an extra coincidence 

event drastically reduces the counting rates expected in the 

detection system '' . 

The objective of the present vork is to employ 

the triple angular correlation method to obtain spin assign

ments of selectively populated highly excited states in the 

rfaction 

12C(18Ora)
26Mg* (a ) 22Ne*(Y)22Ne(g.s.). 

2 

The physical situation is illustrated in Fig. 1. 

The alpha-1 particle is detected at 0° with respect to the 

beam direction, the alpha-2 particle is detected in a position 

sensitive detector and the gamma ray is detected in a NaI(T£) 

counter also at a fixed angle. Thus our analysis is a four-

parameter one. The choice of this reaction was motivated by 

the conflicting ideas which exist concerning the presence 

of backbending in the ?f,Mg Yrast-line. Measurements ' made 

so far on this nucleus have not involved the coincidence 
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technique we propose to use. The fruitfulness of the method 

in obtaining reliable spin assignments more than compensates 

the experimental difficulties which are involved. 

In order to familiarize ourselves with the 

experimental techniques of multiparametric measurements, 

preliminary data have been taken. To begin with, the 

elastic scattering of 160 by 12C at E. =48.8 MeV was 

used to determine the resolution of the fast coincidence 

(TAC) branch shown in Fig. 2. For this an Ortec charged 

particle detector (2000ym) was placed at -15 with respect 

to the oxygen-beam at 28 cm from the target to record the 

lfi0 events and an Ortec (150 urn) at +72.4° and 13 cm from the 

target to record the correlated 1?C recoils. The position of 

the 12C detector was moved in 0,5° steps about the f* = 72.4° 

position in order to optimize the coincidence output from the 

TAC circuit. The time resolution obtained for maximum bias 

applied to the detectors was 0.8 ns. 

A three parameter particle-particle correlation 

was mounted for the well studied reaction ' ' 

1 2C( 1 60, a )2'lMg (a )20Ne (g.s.) at E. = 48.8 MeV. 
l 2 inc 

The a particle was detected in an Ortec (2000 pm) 

detector placed at -15° with respect to the beam axis at 28 cm 

from the target. The n particle detector was a position 

sensitive detector (PSD) (500pm) centered at 90° w.r.t. the 

beam axis and composed of 21 bins with angular separations of 

about Io. Ni-foils, 13mg/cm thickness, were placed in front 
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of both these detectors. The electronic arrangement of Fig. 

2 still applies. The coincidence output from the TAC is 

shown in Fig. 3. It should be noticed that the resolution 

obtained with the PSD detector was 20 ns and the ratio of 

real to accidental coincidences is about 7:1. 

Fig. 4 shows a singles spectrum from the a 

detector displayed on a multichannel analyzer. Inspection 

shows that the ground and lower excited states of ?HHg are 

poorly populated at this incident energy. Fig. 5 shows the 

bi-parametric display Em versus Ei Po? which was observed. 

The results of these preliminary measurements 

show that the system's time resolution is sufficient for 

observing the particle-particle coincidences. However, the 

rate is low and optimizing of all the experimental parameters 

at our disposal to increase this rate will be done. Plans are 

to extend the measurements of 26Mg. 

REFERENCES: 
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9. M.M. Coimbra, Master's Thesis, IFUSP. 
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16. TOTAL FUSION CROSS SECTIONS FOR 1 '•N + 2 7A1, 28Si and 

29Si SYSTEMS 

E. Crema, J.C. Acquadro, R. Liguori Neto, 

D. Pereira, L.A.B. Tessarotto , O. Sala, 

N. Carlin Filho and M.M. Coimbra 

Total fusion cross sections were measured by 

detecting the compound nucleus evaporation residues with a 

E-AE proportional telescope. The total fusion cross sections 

have been calculated and interesting characteristic are 

revealed. The maximum value of the excitation functions, 

which have been intensively investigated in the last years 

by various authors , is of particular interest since it seems 

to reflect the presence of microscopic characteristics which 

2 3) in some cases may be attributed to the compound nucleus ' 

4 5) and in other cases to the entrance channel ' 

In this sense the following data were taken which, 

at the moment, are in the final phase of analysis: 

A) For the luN+27AJt system: 

i) angular distributions at ELA„ = 35, 46 and 56 MeV 

LAB in the angular interval 2.5° <_ ©,,0 £ 3 0° in 2.5 steps; 

ii) excitation function at ® L A B = 7.5° in
 tl*e 

interval 34 MeV <_ ELft <_ 64 MeV in 2 MeV steps; and 

iii) in order to determine reliable optical model 

parameters, two angular distributions, 10° <_ ©..-^lOO0, at 

ELAB = 3^ and 4^ M e V w e r e measured for the elastic scattering 

process. 

* Supported by CNPq. 
+ Supported by FAPESP 
++ Supported by CAPES 
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B) For the luN+28Si system: 

i) angular distribution at E ^ = 38 MeV in the 

IeLAB-angular interval 5 <©TA„_<20 in 2.5 steps; and 

ii) excitation function at 8 = 7.5° in the 
LAB 

interval 34 MeV <_ E A B ^ 64 MeV in 2 MeV steps. 

C) For the ll,N + 29Si system: 

i) angular distribution at ET._ = 54 MeV in the 
3 LAB 

angular interval 2.5 steps? and 

ii) excitation function at 6 . = 7.5 in the 

interval 36 MeV <_ E T A B 1 6 4 M9 in 2 M e V steps. 

REFERENCES: 

1. P. Sperr et al., Phys. Rev. Lett. 3_7, (1976) 321. 

D.G. Kovar et al., Phys. Rev. C20, (1979) 1305. 

2. M. Conjeaud et al., Nucl. Phys. A309. (1976) 515. 

3. R. Vandenbosh and A.J. Lazzarini, Phys. Rev. C23, 

(1981) 1074. 

4. R.G. Stokstad et al., Phys. Lett. 70JB, (1977) 289. 

5) M. Diebel et al., Nucl. Phys. A3_ü, (1979) 253. 

- oOo -



72. 

17. STUDY OF PARTICLE EMISSION.FROM LIGHT-HEAVY ION FUSION 

REACTIONS 

N. Carlin F9 , M.M. Coimbra , V.G. Porto, E.M. Szanto, 

J.C. Acquadro, E. Farrelly Pessoa, A. Szanto de Toledo 

and R. Liguori Neto. 

The continuum spectra of heavy ion reactions are 

analysed on the basis of the statistical model in order to 

obtain level density parameters and critical angular momenta 

for fusiontfor several light heavy ion reactions. 

The 12C + , 60, !2C + 180 and 12C + '''N systems 

were investigated in the 30 M e W E ^ •" 60 MeV bombarding 

energy region. 

Angular distributions of light particles (p,d,t, 

3He,'1') emitted from the compound Nucleus were measured in 

the 5 <e__<90 interval using conventional solid state 
- LAB- ^ 

detector telescopes. 

Fits of the magnitude of the spectra and angle 

integrated cross sections, by means of Hauser-Feshbach 

calculations, were usee1 for a determination of the level density 

parameters (Fermi-gas level densities were used in the 

calculations). Results obtained for the final nuclei level 

densities are shown in Fig. 1. 

The dependence of the shape, magnitude and ratio n /n 

as a function of the fusion critical angular momenta (J ) 

were also studied in order to propose a different and 

+ Supported by FAPESP 
++ Supported by CAPES 
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alternative method to obtain fusion cross sections. 

Preliminary results (Fig. 2) indicate that the ratios 

a /a are more sensitive to J and are model independent. 

The a and p angular distribution anisotropies 

can also be used in this investigation. 

In the {12C + 160) system, the neutron channel 

has also been observed indicating a very important isotropy 

in the angular distributions. Data are still being 

analysed. 

REFERENCE: 

1) M.C.H.M. Ruiz, E. Farrelly Pessoa, R.A. Douglas, E.W. 

Cybulska, H.R. Schelin, J.C. Cardoso Jr., private 

communication. 
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18. HIGH SPIN SPECTROSCOPY IN 2 5,2 6 M g
+ + 

M.M. Coimbra+, N. Carlin F9+, H. Palacios++, E.M. 
* ** 

Szanto, T.M. Cormier , G. Rosner , A. Szanto de 

Toledo 

High spin states in ? 5Mg and 26Mg are being 

investigated by means of angular distributions of the 

1' B(]60,d)25Mg reaction (using the MPI Heidelberg multigap 

spectrograph) and excitation functions of the l?C (' BCVi) 2 f,Mg 

reaction at 46.5< E < 50.0 MeV at e. . - 10°, (using the 
l8 0

 L a b 

+ Supported by FAPESP 
++ Supported by CNPq 
* NSRL, Rochester, U.S.A. 
** MPI, Heidelberg, R.F.A. 
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NSRL-Rochester split pole magnetic spectrograph. In the 

case of the 1ZC(*80,a)26Mg reaction, the excitation energies 

of the 26Mg states were obtained by calibrating the focal 

plane using the 1 2C( ] 60,a) 2"*Mg reaction. Background 

subtracted spectra were obtained and the 

attributed excitation energies to the observed transitions 

result from averages from all spectra. 

Excitation functions for most of the transitions 

display fluctuation with widths larger than those expected 

from Ericson fluctuations. Analyses are in progress. 

- 0O0 -

19. MULTISTEP NATURE OF HEAVY-ION FUSION REACTIONS* 

* 
0. Civitarese , B.V. Carlson, M.S. Hussein and 

A. Szanto de Toledo 

A systematic analysis of available light- and 

intermediate-heavy-ion fusion cross section data within the 

Statistical Yrast Line Model is performed. The intrinsic 

excitation energy needed for fusion to occur is found to 

depend linearly on the mass of the compound system {AQ=0,27 

A ,.,). An interpretation of this dependence in terms of 

multistep processes is suggested (see Fig. 1). 

+ This work was partially supported by FAPESP and CNPq, Brasil 

* Fellow of the CONICET, Argentina, Department of Physics, 
university of La Plata, Argentina. 
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20. THE 21*Mg YRAST SEQUENCE UP TO 30 MeV EXCITATION* 

*t + + 
A. Szanto de Toledo, T.M. Cormier , M.M. Coimbra 
and N. Carlin F<?+ 

Highly excited states observed in the 1 2 C { ] &0,a) 2l*Mg 

reaction at E T A _ ^100 MeV, (using the magnetic spectrograph 

of the University of Rochester)are observed at E =28.21 MeV, 

33.34 MeV, 34.22 MeV and 38.22 MeV excitation energies (Fig. 1 ) . 

The 2'*Mg yrast line is identified up to the 12 state located 

at 28.21 MeV excitation energy. Assignments are based o« 

statistical model calculation and x ? fits to the magnitude 

and shape of the angular distributions (Fig. 2 ) . The backbending 

predicted by several theories for the ground state band is not 

observed up to the 12 yrast (see Fig. 3 ) . 

REFERENCE: 

1. H. Watt, D. Kelvin and R.R. Whitehead, Phys. Lett. 6J3B 

(1976) 383 and 388. 

2. K. Mulhaus et al., Phys. Lett. 105B (1331) 229. 

3. D. Oliveira and S.S. Mizrahi, Rev. Bras. Fls. 7 (1977) 591. 
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21. NUCLEAR STRUCTURE EFFECTS IN THE REACTION CROSS SECTION 

OF THE 16*180 + '•6-53TÍ SYSTEMS 

* 
J. Werner , R. Liguori Neto, P.R.S. Gomes, 

. , **+ ** 
J.C. Acquadro, M.M. Coimbra , N . Carlin F9 , 

E.M. Szanto, A. Szanto de Toledo 

Angular distributions of the '60 + *G,5nTi 

elastic scattering were measured using position sensitive 

solid state detectors at 30.0<E B< 72 MeV in steps of 

2.5 MeV. Optical model and coupled channel analysis will 

be used to fit the data taken in steps of 1°. Nuclear 

structure effects are expected to be present in the 

reaction cross section. Results will be compared to the 

fusion cross sections measurements of the same systems at 

energies near the Coulomb barrier. 

* Supported by CNPq. 
** Supported by FAPKSP 
+ Supported by CAPES 
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22. THE slV(p,a) ""'!'-; I^AOTLOK 

H. Palácios , V.G. Porto, A. Szanto de Toledo, 

M. s. Hussein, J.C. Acquadro, R. Bonetti++, 

N. Carlin F9 *, M.M. Coimbra**4 

During the last years several reports have 

* Supported by CNPq. 
** Supported by FAPESP 
+ Supported by CAPES 
++ Univ. rti Milano, Mil/mo, Thalia. 



83. 

shown the existence of large fluctuation in the excitation 

functions corresponding to different levels in the final 

nucleus. A new reaction mechanism, known as statistical 

multistep compound emission, proposed by Feshbach, Kerman 

2) and Koonin is used to interpret such data. Tt assumes 

that the reaction proceeds through a set of staqes. Each 

stage involves a class of excitations of a certain 

complexity and there are transitions from the n— staqe to 

the (n+l)£k stage only (the chaining hypothesis). 

In order to study the mechanism of the reaction 

5' V(p,a) ''"Ti, four excitation functions have been measured 

at 0r AD = 60, 120, 150 and 165° for 9,810 MeV < E '9.9«6 MeV 
LttKH -~ p 

in 2 keV steps and for 13,90 MoV '_ K < 15,50 MeV in 50 keV 

steps. In the experiment with 2 keV steps we used a 13 ;ig/ 

2 
cm target (enerny sp;:e,id of ^0,5 keV in the entrance 

channel for R =10 MeV) and for the experiment with 50 keV 

steps we used a 200 jg/cn target (energy spread of 5 keV 

for E • 15 MeV in the entrance channel). 

The emitted .ilpha particles were detected 

simultaneously at the four anqles of observation with solid 

state detectors whose thicknesses sufficed only to stop the 

alpha particles. 

Fig. 1 and Fig. 2 shows an example of alpha 

spectra, for both targets. 

Fig. 3 to Fig. 10 show the excitation 

functions obtained for the reactions '''V(p,i» ) '' 8T1 f;.S.) , 

r''V(p,rt )l|RTi(0,981 MeV) and slV(p,'»„ + i ,) ,(*Ti (2,29G Mr-Vt 

2,426 MeV). 
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In order to analyse the fluctuating excitation 

curves it was assumed that the fluctuation effect is a very 

general one, connected with the hypothesis of equilibrium 

at each stage of the chain developing inside the nucleus, 

which thus allows a lifetime T to be defined for each 
n 

stage n, related to a coherence width by r = n/T . 

The fluctuating excitation functions have been 

analysed by means of the auto-correlation function 

method . The definition of the average curves to be used 

as a basis for the fluctuation analysis is important. The 

average curves were calculated by the Pappalardo method 

which determines the energy interval & used in the calcu

lation. 

Fig. 11 to Fig. 12 shows some examples of auto

correlation function constructed from the experimental data. 

The curves, shown together with the points, 

are the theoretical shapes calculated by means of 

C(e) = 
r ,z 

I < °n > rn+ it
 (1) 

n n ' 
where <o > is the average value of the fluctuation cross n 

section conected with the n- excitation stage, which has a 
4) 

width rn
 ; . 

The final values of T, are given in the Table 1. 

From these values we can conclude that the auto

correlations curves are pure Lorentzian shapes. The value 

r = 4 keV obtained from the data at 9.8 MeV<E < 10.0 MeV and 

2 keV steps is in agreement with the value already obtained 

by other authors. This r is related to emission from the 
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last stage of the equilibrium chain, corresponding to 

compound nucleus formation. 

The value r=33 keV is probably related to 

emission from a stage of precompound formation. 

TABLE 1 

AC 

2 kv 

50 kv 

(T • AD 

3.93 ± 0.47 

32.28 ± 1.87 

a i áa 

0.30 ± 0.033 

0.26 i 0.03 

REFERENCES: 

1. R. Bonetti, L. Colli - Milazzo, A. De Rosa, G. Inglima, 

E. Perillo, M. Sandoli and F. Shahin, Phys. Rev. C21, 

n9 3 (1980) 816. 

- R. Bonetti, L. Colli-Milazzo, M. Melanotte, A. De Rosa, 

G. Inglima, E. Perillo, M. Sandoli, V. Russo, N. Saunier 

and F. Shahin, Phys. Rev. Ç2J3, n<? 2 (1982) 717. 

2. H. Feshbach, A. Kerman and S. Koonin 

Annals of Physics 125 (1980) 429. 

3. M.G. Braga Marcazzan and L. Colli-Milazzo, 

Prog. Nucl. Phys. 11 (1969)145. 

4. w.A. Friedman, M.S. Hussein, K.W. McVoy and P.A. Mello, 

Phys. Rep. 77(1981)47. 
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III. THEORETICAL NUCLEAR PHYSICS STUDIES 

1. STUDY OF THE A=18 SYSTEM IN A THREE-BODY MODEL 

K. Ueta, H. Miyake, A. Mizukami 

This is the continuation of work which 

considers the A-18 system as a core of l60 plus two valence 

nucleons. The T=l states have been discussed previously 

We are now investigating the T=0 states. 

REFERENCE: 

1. K. Ueta, H. Miyake and A. Mizukami, ,80 as a core plus two 

valence neutrons: A three-body Faddeev calculation» To be 

published in Physical Review C. 

- oOo -

2. DEUTERON-INDUCED REACTIONS ON 1&0 

K. Ueta 

The reactions induced by low energy deuterons on 160 are 

investigated assuming a three-body model - two nucleons plus 

an inert core of 1 6 0 - and solving the AGS equations. For the 

nucleon-core interaction, we use a separable potential which 

acts in the ds / 2 , S1/2 and d 3 / 2 waves. For the neutron-proton 

interaction we use the separable potential of Yamaguchi. 

- 0O0 -
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3. EFFECTS OF MEMORY IN TRANSPORT THEORIES OF DEEPLY 

INELASTIC PROCESSES 

B. V. Carlson 

Transport equations have had a great deal of 

success in describing many of the phenomena observed in deeply 

inelastic collisions between heavy ions. All such equations 

are local in time. As an example, we take the diffusion 

equation 

2- P(E,t) « -1- (V(E) P(E,t)) + i lL- (D(E) PlE,t)) 
at 3E 2 3E2 

with P(E,t) the probability density for energy E and V(E), D(E) 

the drift and diffusion coefficients, respectively. 

Theoretical attempts to derive such an equation 

invariably lead to a generalized master equation like the 

following: 

— P(E,t) = /fc dx / dE1 ¥UE,Eltt)(P(E)P(E1,t-r)-p(E1)P(E,t)) 
3t ° 

Here, p(E) is the density of states at energy 

E and the Kernel K(E, E^-t-x) describes the transition rate 

from E1 at time t-T to E at time t. The time rate of change 

of the probability density thus depends on its value at previous 

times, an effect called memory. 

To obtain a transport equation from the general! 

zed master equation, the probability densities on the left hand 
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side are expanded about T=0 and E'=E. The expansions are 

rearranged and truncated, keeping terms up to second order in 

d 3 
— . Extending the expansion beyond zeroth order in — 
at at 

introduces effects of the memory. 

These have been studied in several simple models. 

It is found that the effects of memory can be large in the 

models used to describe deeply inelastic collisions. In many 

cases however, it is still possible to find a transport 

equation which describes well the time evolution. In the 

models studied, the inclusion of memory terms reduced the 

diffusion coefficient but left the drift coefficient unchanged. 

This result disagrees with that obtained from a study of 

discrete models but agrees with the numerical results of Agassi 

et al.and Takigawa and Niita. 

- 0O0 -
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4. MULTI-STEP PROCESSES IN NUCLEAR REACTIONS 

M.S. Hussein, B.V. Carlson, P.A. Mello*, R. Bo 

netti**, M. Kawai+, P.E. Hodgson++ and R.A. Re -

go + + + 

We continue our theoretical study of multistep 

processes in nuclear reactions. We have examined the question 

of the average degree of absorption in pre-compound reactions 

through a study of the Moldauer Simonius theorem . A simple 

sum rule involving the trace of the optical transmission matrix 
P 

on the one hand and the sum of 2 •— (with P being the coherence 
n 1) 

width andOn the average level separation of "step" n) on the 
other hand, of multistep compound reactions, was suggested and 

2) discussed . The average number of maxima in pre-compound 

excitation functions was suggested to supply a useful check 

on the results obtained from auto-correlation analysis. 

The statistical multistep direct emission theory 

45 of Feshbach Kerman and Koonin is being critically examined. In 

particular the consistency of the statistical assumptions used 

by FKK is being assessed. The numerical consequences of using 

non-DWBA matrix elements for the calculation of the cross sections 

5) of the intermediate stages, are being analysed '. The total 

reaction cross-section of preequilibrium reactions is being 

decomposed into its several components and attempts are being 

made to relate these components to the underlying one-two-,etc. 

* UNAM - Mexico, Mexico 
** Univ. Milano, Milano, Italy 
+ Univ. Kyshu, Fukuoka, Japan 
++ Univ. Oxford, Oxford, England 
+++ ITA, Sao José dos Campos, Brasil 



s t ep proces ses. 
101. 
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5. RAINBOW VS FRESNEL DIFFRACTION: THE NATURE OF THE HEAVY-ION 

ELASTIC SCATTERING CROSS-SECTION AT SMALL ANGLES 

M.S. Hussein, M.P. Pato and M.C.B.S. Salvador! 

The effect of absorption on rainbow scattering 

is being investigated using a modified version of Berry's 

uniform semiclassical formula. Tie final aim is to assess to 

what extent one could actually distinguish between rainbow 

scattering and Fresnel diffraction in the context of heavy ion 

elastic scattering. 

A parallel study of the above question using a 

recently proposed alternative method of analysis is being 

carried out. In this method the elastic scattering differential 

cross section is decomposed into three well defined pieces, 

associated with Coulrrnb scattering (Rutherford cross section), 
da 

absorption, and coherence. The coherent piece of ~"jãf— is the 

one that contains explicit information about the nuclear phases. 

Preliminary analysis of the systems i2C + 2I*Mg 

and 160 + 28Si using the above method at several center of mass 

energies has been done. The result of the analysis indicates 

that both systems exhibit Fresnel diffraction (and not rainbow). 

REFERENCE: 

1. M.S. Hussein and M.C.B.S. Salvadori, IFUSP/P-372, submitted 

for publication. 

* Supported by FAPESP 

- oOo -
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6. GLOBAL STUDY OF ANOMALOUS BACK-ANGLE HEAVY-ION ELASTIC SCAT

TERING 

M.S. Hussein, A. Lepine, L.F. Canto*, R. Donan-

gelo*, R- LichtenthSler Filho**r A.C.C. Villari**, 

O. Portezan Filho** and M.H. Tavares **. 

An extensive research project on heavy ion elastic 

scattering at intermediate and back angles is being developed 

both experimentally and theoretically. Following the recognition 

that the back angle anomaly in the ,sO + 28Si system can be 

accounted for by an anomalous l-window that contains a small 

parity-dependent term, we are now developing a detailed dynamical 

model involving the construction of 9, and E-windows that arise 

from the explicit coupling of the elastic channel to several 

important transfer channels. The treatment of these "coupled 

channels" windows is approximate and follows closely the theory 

3) developed in Ref. 2. Our recent successful analysis of the 

elastic scattering of 1;C + 2kMg at E = 26.6 MeV using the 
cm. 

results of Ref. 2 , encouraged us to extend such analysis to 

other systems. 

We are presently performing and planning 

measurements of several transfer reactions (<12C,160), {,sO,,?C) 

and (16O,20Ne)), that are believed to be relevant for the under

standing of the anomalous windows. 

* Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brasil 
••Supported by CNPq, CAPES and FAPESP 
*** Supported by PICD/CAPES. 
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1. W.E. Frahn, M.S. Hussein, L.F. Canto and R. Donangelo, Nucl. 

Phys. A369(1981)166. 

2. W.E. Frahn and M.S. Hussein, Nucl.Phys. A346(1980)237. 

3. R. Lichtenthaler Filho, A. Lépine, A.C.C. Villari, W. Mittig, 

V.J.G. Porto and C.V. Acquadro, Phys.Rev. C26(1982) 2487. 

- oCo -

7. FORWARD GLORY EFFECTS IN HEAVY ION REACTIONS 

A. Lépine. A.C.C. Villari*, R. LichtenthSler F9*, 

0. Portezan F<?*, M.S. Hussein, M.M. Saad*, J.L. 

Cardoso Jr.**. 

A study of forward glory effects in heavy ion 

elastic and quasielastic scattering is being pursued both 

experimentally and theoretically. Following a recent suggestion ' 

that forward glory energy-oscillations may be seen through the 

study of elastic scattering excitation functions, of light-heavy 

ion systems, a calculation of the effect using microscopically 

determined optical potentials (through double folding) is being 

carried out. Furthermore the possible occurrence of the effect 

in transfer and inelastic reactions is being investigated using 

DWBA theory with distorted waves generated from optical potentials 

* Supported by CAPES, CNPq and FAPESP. 
** ITA, São José dos Campos, Brasil. 
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that describe elastic scattering exhibiting forward glory in 

the sense of Ref.l. 

On the experimental side, experiments are planned 

for the study of quasielastic reactions in the forward direction 

(zero degree). It is expected that forward glory would result 

in a strong focussing effect in these cross-sections. 

REFERENCE: 

1. M.S. Hussein et al., Phys.Lett. 114B(1982)1. 

- oOo -
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8. THE HEAVY-IOI TOTAL REACTION CROSS-SECTION AND NUCLEAR 

TRANSPARENCY 

* 
R.A. Rego and M.S. Hussein 

The total reaction cross section of heavy ions 

at intermediate energies in being calculated. The special 

role played by the individual nucleon-nucleon collisions in 

determining the nuclear transparency is analysed. Several 

competing effects arising from the nuclear and Coulomb interactions 

between the two ions are found to be important in determining 

oR at lower energies. We mention some of these:-a) repulsive 

effects due to the Coulomb interaction t b) refraction 

effects arising from the real part of the optical potential; 

c) Pauli blocking; d) collective effects due to the Coulomb 

and nuclear 'excitations of surface modes and e) possible 

a-clustering effect in light-heavy ion systems. 

The above effects are being treated approximately 

in an attempt to develop a simple method for the calculation 

of a_ valid at low and intermediate energies. 

- 0O0 -

* -
ITA, Sao Jose dos Campos, Brasil 
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9. SEMI-CLASSICAL INVERSE SCATTERING THEORY POR HEAVY-ION 

SCATTERING 

Y.T. Chen and M.S. Hussein 

The WKB approximation for the phase-shifts, 

used in the description of heavy ion elastic scattering is 

being critically assessed. In particular, the identification 

2 with the classical deflection function, an immediate 

ãt 

consequence of the WKB approximation, is being generalized to 

include genuine quantal corrections that could be important 

for light-heavy ion systems. 

The classical inverse scattering procedure, 

which involves the extraction of the interaction potential 

from knowledge of the classical deflection function, is then 

extended by the inclusion of quantal corrections. 

A paralled study involving the conditions of 

validity of the use of classical deflection functions in nuclear 

scattering has been completed . 

REFERENCE 

1) M.S. Hussein, Y. T. Chen and F.I.A. Almeida, IFUSP/P-374, 

submitted for publication. 

- oOo -
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10. POLARIZATION POTENTIALS IN HEAVY ION SCATTERING 

* 
A.J. Baltz , B.V. Carlson and M.S. Hussein 

A review article under the above title is being readied 

for publication in Physics Reports. The general theme of the 

review is the simplification of some important coupled-channels 

effects in heavy ion reactions through the use of appropriately 

constructed polarization potentials. The theoretical procedure 

followed in the discussion involves 1) using on-she11 forms 

for the intermediate-channel propagator to obtain closed forms 

for these potentials and, 2) calculating, a posteriori, the 

off-shell effects approximately. A summary of this procedure 

and its application to the transition amplitude in the case 

of two channels many be found in references 1) and 2). 

REFERENCES: 

1) B.V. Carlson, M.S. Hussein and A.J. Baltz, Ann. Phys, (N.Y.) 

138 (1982) 215. 

2) B.v. Carlson and M.S. Hussein, III Reunião de Trabalho sobre 

Física Nuclear no Brasil, Cambuquira, Brasil, Setembro/81. 

- oOo -

Brookhaven National Laboratory, Upton, U.S.A. 
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11. NUCLEAR STRUCTURE EFFECTS IN HEAVY ION FUSION AND ELASTIC 

SCATTERING AT LOW ENERGIES 

* *+ + 
F.I.A. Almeida , B.V. Carlson , V.L.M. Franzin , 

** 
M.S. Hussein and L.A. Silveira 

We further develop the model for heavy ion fusion 

that accounts for nuclear structure effects, suggested 

in 1). Presently we are performing extensive calculations 

for the 16o+ Sm systems at sub-barrier energies. Both static and 

dynamic deformation effects are included. The dipole and 

quadrupole giant resonances are also included within the 

adiabatic approximation. 

We are also developing a project for the fusion 

Ai Aí of 'Ni+ zNi at sub-barrier energies . 

For the purpose of performing a consistent 

comparison among the different combinations of h\ and A2 , 

we are calculating the nuclear potentials using the semi-

microscopic douple folding model. It is believed that the 

large deviation of a„ e x p (N+N) from the prediction of the 

simple,static,one dimensional barrier penetration model is 

connected to possible strong coupling to several transfer 

channels. The inclusion of these transfer coupling effects 

is being attempted along the lines of Ref. 1). 

A study of the influence of static and dynamic 

deformation on the quarter point angle is also being carried out, 

REFERENCE: 

1) B.V. Carlson and M.S. Hussein, Phys. Rev., C(1982) November. 
- 0O0 -

* Supported by FAPESP 
+ Supported by CNPq 
** Supported by CAPES 
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12. THE USE OP THE DOORWAY EXPANSION METHOD FOR COUPLED-

CHANNELS PROBLEMS 

* 
M.S. Hussein and E.J. Moniz 

The doorway-expansion method, which has been 

applied in recent years for the ir-nucleus scattering in the 

^-resonance region, and subsequently extended to optical 

potential scattering, is being further extended to a 

coupled channels problem. Simple solvable CC models have 

been considered within this method and it was found to give 

very good convergent results. 

Presently, we are in the process of applying 

the method to a realistic nuclear coupled-channels problem 

involving the elastic and inelastic scattering of neutrons 

by l ac. Comparison will be made with the results of exact 

CC calculation. The viability of the method for treating 

CC problems encountered in heavy ion reactions is being 

studied. 

REFERENCE: 

1) M. Hirata, et al. , Phys. Lett. B7£ (1977) 281; 

Ann. Phys. (NY) <120 (1979) 205. 

2) F. Lenz, et al.,Ann. Phys. (NY) 129 (1980) 84. 

- oOo -

* 
MIT - Cambridge, Mass., U.S.A. 
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13. ON THE VALIDITY OF THE AUSTEKN-BLAIR RELATION FOR HEAVY-

ION INELASTIC SCATTERING 

M.P. Fato and M.S. Hussein 

The Austern-Blair relation, which is used to 

approximately calculate the radial integral of the nuclear 

inelastic transition to collective states in heavy-ion reactions 

is discussed. The sensitivity of the resulting i-window to 

the parameters of the underlying optical potential is critically 

examined in the particular case of 1*0+26Mg •* 160+2*Mg2+(1.81 

MeV) at E.. = 48.4 HeV. It is concluded that special care 

should be taken when using the Austern-Blair relation in 

conjunction with surface transparent potentials («sail diffusivity). 

Aside from the above, we are now trying to 

determine a parametrization of the inelastic nuclear l-window 

that would be valid globally. To do this we substitute the 

imaginary part of the optical potential by an appropriate in

coming-wave boundary condition, and use for the real part the 

Christensen-Winther empirical potential. Comparison are being 

made with exact DWBA calculation. 

- 0O0 -
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IV. INSTRUMENTATION AND DEVELOPMENT 

^ PERFORMANCE OP OUR 8UD PELLETRON ACCELERATOR SYSTEM 

O. Sala, J.C. Acquadro, M. Stier 

During the first half of 1981 the Pelletron 

system operated without problems. Then about four weeks 

were spent in June/July looking for a leak that we thought 

existed in the terminal area. This caused us to go to the 

extreme of taking out all the terminal vacuum equipment. 

In the end we found that our portable leak detector, which is 

normally above suspicion, was picking up helium directly 

from the enclosed tank atmosphere and greatly confusing us. 

Shortly after reassembly was concluded and 

conditioning begun,a section of the low energy tube started 

leaking badly. A hairline crack was discovered in one 

ceramic which beforehand most probably was the leak we were 

so desparately looking for before but couldn't find due to its small 

leak rate. This ceramic was glyptailed and shorted causing 

loss of about 30 KV which was divided equally on the remaining 

32 gaps of that 1 million volt module. 

The 8UD then continued to operate normally 

for the remainder of 1981 and the beginning of 1982. The 

only unprogrammed maintenance occurred when Faraday cup 

bellows at the entrance and exit of the machine gave out 

several times during this period,demanding that the tube be 

let up to air to effect the replacement. 
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In May the glyptalled tube started leaking again 

causing an extra opening. Also on this occasion a rivet head 

which secures the pins to the pellets of the charging chain 

was found broken off. The faulty pin was replaced and the 

chains given a good checkup. In mid-June, with the <=xit 

Faraday cup leaking in the "in* position, one of the charginq 

chains broke. Upon opening, the terminal charging unit of 

this chain was found to have the pulley shaft loose within 

the support bearings. This allowed the chain to vibrate 

more and probably caught in the column in one or more places. 

With significant maintenance necessary on the tube, 

Faraday cup and charging system,it was decided to also start on 

a reform of the vacuum system which had been scheduled for 

July. This project was designed to correct original system 

design errors and to ease maintenance and operation. It can be 

divided into the following areas. 

Low Energy Injection System: 

The entire low energy system from the MB 20 

inflection magnet to the first tube accelerator flange was 

modified in accordance with the beam optics information 

supplied by National Electrostatics Corporation (NEf). This 

area suffered the greatest amount of mod i F i.cati nn and includes 

Hie following items: 

t) MV.-/0 rm;ige Ar<>3 

The original installation hud ' h'i convent ional 

remote controlled slits located -it the image focal 
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point followed by a Faraday cup and then a beam 

scanner. This gave a very limited amount of 

information. A new beam scanner was placed at the 

focal point and the slits relocated immediately 

after, followed by a new low power NEC Faraday cup. 

This ordering now allows us to "see" the beam quality 

at the image focal point, regulate if necessary the beam 

intensity with the slits, and then neasure the amount 

that is being sent through the 8UD. 

b) Electrostatic Quadrupole Triplet 

A large-aperture electrostatic quadrupole triplet 

was built here and placed at the position of the 

second of a pair of magnetic quadrupole doublets 

which were removed. This saved much space and 

allowed positioning the buncher closer to the ME-20 

image focal point. 

c) Isolation Valves 

A Varian metal sealed gate valve was placed after 

the quadrupole and immediately before the entrance 

to the tank. This unit is intended to be used 

only when absolutely necessary such as for the mainte

nance of external vacuum components. A larger bore 

(42 mm dia.) straight through valve was developed 

and built for placement just before the quadrupole 

triplet. This unit is pneumatically actuated for 

remote control purposes and is intended to be used 

routinely for isolating the tandem. 
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Tube Crossover Point 

Placement of the Varian gate valve at the entrance 

to the tank necessitated removal of the Faraday 

cup/beam scanner unit which was originally installed 

there, the latter of which was of no use due to the 

large beam size at that point. 

A new beam scanner was placed at the crossover 

point of the tube (105 mm from the tube entrance) 

inside the tank. This permitted sufficient space 

for the placement of a low power Faraday cup between 

the tube and the scanner. The suppressor of the 

Faraday cup was modified to include a 9.5 mm diameter 

tantalum disk with four insulated aluminum quadrants 

located immediately before it. This is an adaptation 

of an idea that was given us from the Oxford folded 

tandem group. The beam, if well focussed and on 

center, passes through the aperture with no resultant 

signal. However, if the beam is defocussed and/or 

off center the secondary electrons given off from the 

aperture at the suppression voltage are collected at 

the quadrant(s) nearest the point of impact. The 

signal then passes through additional feedthrouqhs 

welded into the faraday cup housing and to * locally 

mounted circuit. This circuit includes, for each 

-9 quadrant, a four decade (approximately 10 • 

in" amp) logarithmic preamplifier. This signal 

then goes to the cont.ml room where it drives an 

analog to digital converter which then fepds twenty 

leads. These signals are then rli splayed in the form 
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of a cross-modificatron of the meters similarly 

used by the Oxford group. The larger the signal 

the more lights which are turned on. 

Secondary electron emission is a function of the 

ion mass and energy, therefore the signal magnitude 

is only approximate. Since we are using this sicmal 

more for beam position and focussing informa

tion/absolute values are not important. 

This system now gives much more information since 

the focussed beam is displayed by the scanner and 

this information is confirmed and supplemented by 

the quadranted suppressor/aperture unit. Also the 

low energy Faraday cup gives the current which is 

being put into the tube. Once the beam is properly 

focussed and aligned in this area, transmission 

through the tandem to the Faraday cup at the analyzina 

magnet object slits is automatic. 

Accelerator Tube and Terminal 

The troublesome cracked unit was replaced with a 

new section. Nothing unusual was detected in the construction 

•f the broken unit giving no exact reason ^s to "hy it did break. 

The fnil exchange was removed to facilitate 

alignment, o.~ the vacuum system. Since this unit was removed 

in .lune of 1981 and repositioned without an alignment instru

ment i' \:P-. Also good policy to verify alignment at this time. 
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High Energy Vacuum System 

Another Varian metal sealed qate valve was placed 

immediately below (after) the accelerator tank and is intended 

to be HRP'1 only when riaint enanee of other \̂ i"uijn rnrnpfnpnt-.s 

in Mi is? area demands it. The re mot*1 controlled slits at Mus 

position '.'ere retained. The original Faraday cup/beam 

scanner unit was ; ̂ placed with only a new hiqh pi.wer Faraday 

cup since 3 scanner at this location gives little useful 

information due to large beam diameter. 

Once again a straight through pneumatically actuated 

valve was placed in this area to give remote control capability 

for the routine isolation of the machine whenever beam is not 

being passed. 

Since almost all the vacuum components were removed 

for modification this required the realignment of th*> same 

parts upon remounting. The opportunity was taken to confirm 

the alignment of the accelerator tube and the ME 200 analyzing 

magnet object slits with the vertical axis determined by the 

ME-20 and the ME-200 alignment fixtures. 

Although only one of the charging chains broke 

we decided to replace both v/ith a new pair. They run almost 

20.000 hours and it is important to note that th<-> unbroken 

chain does not .now signs of crocks <{<•-'<• lopi MM in the nylon 

links. This reinforces our belief that Si'̂  breakdown produce; 

are successfully removed by circulation through art i /,it ed 

a 1 urrii ria. 
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Rotating shafts bearings also were exchanged at 

this time having reached a satisfactory life of almost 

10,000 hours. 

With all the modifications to the high vacuum 

equipment reasonable vacuum, low 10 range, was attained 

in mid-August to begin conditioning of the 8UD. This 

proceeded without problems and once again 8,5 million volts 
_Q 

was attained. Vacuum returned to the previous low 10 r*nge 
-9 

with the machine operating and 10 range without voltage. 

Presently a new two stage buncher is being 

developed which uses refurbished accelerator tube sections. 

Due to the space needed for this larger unit a pair of 

electrostatic steerer assemblies is being built to replace 

the larger existent magnetic ones. The electrostatic units 

also offer the advantage of one voltage setting for the same 

charge state and energy no matter what the mass. 

- oOo -
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2. SOURCE OF NEGATIVE IONS BY CESIUM SPUTTERING 

O. Sala, J.C. Acquadro, M. Stier, L.A.B. Tessarotto , 
* 

P.R.S. Gomes 

A source of negative ions by cesium smitterinq 

(SNICS) was designed and constructed. In parallel a test 

bench for ion source tests completely independent of the 

Pelletron Accelerator ras constructed. 

The test bench consists of a vacuum system 

(diffusion pump), a complete electronic set of source and 

power supplies, an Einzel lens, an electromagnetic spectrometer, 

Faraday cups and an emittance meter. The test bench was tested 

by using a duoplasmatron source with known characteristics. 

The output beam, after being accelerated through a 0-20 kV 

extraction potential and focussed by a 0-15 kV Einzel lens, was 

analysed by the magnetic spectrometer, which was then 

calibrated. 

Our sputtering source has a simple axial 

12) geometry and a helical filament of 1 mm W wire which 

ionizes the Cs atoms. The positive ionized Cs ions are 

focussed to strike the cathode and, in our qeometry, the 

negative sputtered ions from the cathode are directly 

focussed through the cathode potential drop (0-3 kV). The 

source is made in stainless steel. Cesium vapor enters the 

discharge region through a heated bellows type metering 

valve (kept at " 300°C) connected between the cesium oven 

* Partially supported by CNPq. 
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(kept at ''• 230°C) and the inlet canal. In order to keep the 

filament region hot and the cathode and flange regions 

cooler, a tantalum shield encloses the filament and the 

cathode is refrigerated with air cooling. We also used 

gaskets instead of viton O-rings in the flanges. 

In our first tests, flat Cu sputter cathodes are 

being used. We are studying the Cu~ output beam as a func

tion of several source parameters, e.g. filament current, 

cathode potential drop, extraction potential and bellows 

metering valve aperture. 

The results already available show that a steady 

non analysed beam of 5.5 uA can be obtained during several 

days, with 30 A filament current, -2kV cathode potential 

drop, 12.5 kV extraction potential and lOum valve aperture. 

The beam current is very sensitive to the filament current 

and we hope to increase the output current by using a 50A 

current filament source. The beam current ii not very 

sensitive to changes in the cathode and extraction potentials. 

If the bellows metering valve aperture is increased too much, 

the output current increases drastically and can not be kept 

under control. We are still trying to find the optimum 

conditions for the source operation. In a preliminary test 

with an analysed beam the presence of some H~, Cs" and CsCu" 

beams, toqether with the Cu" beam has been detected. 

After 32 days of non continuous operation hhe 

source was opened anH the sputter cathode showed pronounced 

erosion in a conical hole in its center, as in ofher 

i 7) 
sputtering sources ' , and some cylindrically symmetric 

erosion on the outer part of the cathode cylinder, due 
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probably to the small tantalum shield apertur*1, oriqinating 

a discharge region around it. 

REFERENCE: * 

1. G.T. Casley, R.A. Douglas, H.T. Richards, H.V. Smith Jr. 

Nuclear Instruments ai.d Methods, 157 (1978)1. 

2. J.H. Billen, H.T.Richards, Private Communication, 

University of Wisconsin, USA. 

- oOo -

XÍ TIME OF FLIGHT PULSING SYSTEM 

* 
C. MacDowell de Figueiredo, R.A. Douglas 

E.Farrelly Pessoa, W.R. Wylie and Roberto Meigikos 

dos Anjos 

A '̂ N beam was pulsed and bunched at a 

repetition period of 400 nS for use in an experiment 

described in this report. The FWHM of the bunched beam on 

target was measured to be 5.1 nS with a 5*7.5 cm NF2L3 

liquid scintillator and 8.5 nS with a 56 cm Ge(Li) detector. 

Fig. 1 shows the prompt 7 peak resulting from the 

bombardment of an '^Fe foil by a 50 MeV ' ''N heam as 

measured with the two detectors. 

The PeLletrnn bunchinq system is being upgraded 

* Departamento de Física Aplicada, f.f'.O.W. , UfHCAMP, Campi-
nas, Brasil. 

I fTA/TRAv, São José dns Campos, Brasil. 
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by installing a two-harmonic buncher . The r.f. of the 

second buncher will be twice that of the first buncher 

frequency in order to form a more linear voltage waveform. 

Both bunchers have been constructed from five NEC acceler

ating tube sections modified by mounting cylinders on each 

of the accelerating diaphrams. In this way the effective 

drift lengths of the bunchers can be varied in small steps 

to accomodate ions of different velocities. In addition, 

an electronic phase shifter is being built to control the 

relative phase between the bunching and chopping elements. 

REFERENCE: 

1. W.T. Milner, IEEE. Transactions on Nuclear Science, 

Vol. NS-26, n<? 1 (1979; 1445. 

- oOo -

4. THE RECUPERATION OF DETERIORATED SODIUM IODIDE THALLIUM 

ACTIVATED CRYSTAL 

J.L. Cardoso Junior , E. Farrelly Pessoa, 
** 

R.A. Douglas 

Facilities for the recupfration of df?fceri orated 

sodium iodide thallium atrtivated crystaLs have been assembled. 

* CTA/IEAv, Sao José dos Campos, Brasil 

** Departamento de Física Aplicada, I.F.G.W... UNTCAMP, 
rampinas, Brasil 
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Even though the commercial permanently "potted" crystals 

are extremely resistant to deterioration, it has been 

observed that sooner or later there is a slight "yellowing" 

of the normally tranpparent crystal which is accompanied by 

a loss of energy resolution. It is well known that this is 

due to the leakage of a small amount of moisture into the 

sealed crystal housing with the subsequent formation of a 

thin layer of thallium iodide on the crystal surface. 

The crystals themselves must be handled with 

extreme care due to their high sensitivity to both thermal 

and mechanical gradients. Even the slightest imperfection 

(cracking) will affect the energy resolution. 

The recovery process consists in careful removal 

of the crystal from its housing and polishing it in a dry 

atmosphere (relative humidity less than 10%) using the 

standard polishing techniques for optical crystals. The 

dry atmosphere is maintained by filling a plastic glove 

bag with water-free nitrogen. The polishing is accomplished 

in three stages: a) first with the polishing powder 

(alumina) "Micropolish - C - l,0u" (Buehler) applied with 

a polishing cloth "Selvyt" (Buehler) or a rough cloth 

(e.g. linen) followed by b) a fine polishing powder (alumina) 

"Micropolish - A - 0,3n" (Buehler) with the same polishing 

cloth, and c) the final polishing with only the polishing 

cloth "Selvyt" or a smoother cloth (e.g. satin). In all 

three stages the polishing powders are dissolved and the 

polishing cloths are moistened with n-butanol of high chemical 

purity. 
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The thickness of the deteriorated surface layer 

depends, of course, on the history of the crystal but it 

usually varies from 0,1 to 1,5 mm. After polishing, the 

recovered crystals maintained their transparency in a dry 

atmosphere during months of observation. Repottinq and 

permanent sealing in the dry atmosphere has been accom

plished. The major difficulty encountered in this phase was 

the uniform distribution of the reflecting powder (MgO) 

which surrounds the sides and one face of the crystals. 

Care must also be taken in removing any moisture accumula

tion that has occured on the MgO itself. 

A 7,50 * 7,5 cm long crystals was recuperated 

completely and maintained under observation for durability. 

In six months time the crystal did not present any problem. 

The energy resolution of the recovered crystal was deter

mined and compared with the energy resolution of a new 

crystal. Preliminary results showed that the performance 

of the recovered crystal was similar to that of a new one. 

- oOo -

5. THE RESPONSE OF SILICON POSITION SENSITIVE DETECTORS 

TO HEAVY IONS 

** 
P.M. Read and V.H. Rotberg 

D.w.L. Tolfree' and 3. Groves' 

Silicon detectors exhibit- i pulse height defect 

* Partially supported by FAPESP 

** Nuclear Physics Division, AERE Harwell, Oxfordshire 
i SERC Daresbury Laboratory, Warrington WA4 4AD 
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(PHD) for heavy ions defined as the difference between the 

true energy of an ion incident on the detector and its 

apparent energy given by an extrapolated light ion response 

curve. The defect in surface barrier detectors has been the 

subject of several studies and may be explained in terms 

of a window energy loss, energy lost in non-ionizing nuclear 

collisions and a residual defect. The residual defect is 

due predominantly to energy lost by recombination and other 

mechanisms which occur in a thin surface layer directly 

below the window. 

In the fabrication of position sensitive detectors 

(PSDs) doping by ion implantation is often favoured as it 

gives a high degree of uniformity in the resistivity of the 

4) implanted layer . Although a particle response 

characteristics of implanted detectors have been studied 

there is little data for heavy ion responses. We report 

measurements of the heavy ion response of both surface 

barrier and ion implanted PSDs. 

Typical response characteristics for an Ortec 

PSD and a 8 kft cm Daresbury PSD both of length 47 mm are 

shown in Figs. 1 and 2. The data points have been corrected 

for energy loss in the target. Hydrogen data extrapolated 

with a precision pulse-generator and a straight line fit to 

the nickel and gold data is shown. Estimated errors are 

indicated by t-he character size. 
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Detector 

Window 

Resistivity 
kft en 

Bias v 

PHD 

Ew 
EN 

ER 

Ortec 

2000 A Si 

7.3 

145 

6.7 

1.2 

0.85 

4.65 

225 

5.1 

1.2 

0.85 

3.05 

310 

5.2 

1.2 

0.85 

3.15 

Daresbury 

600 A Ge 

8.0 

45 

3.5 

0.55 

0.85 

2.1 

5.0 

100 

2.9 

0.55 

0.85 

1.5 

1.0 

90 

2.7 

0.55 

0.85 

1.3 

0.5 

225 

2.6 

0.55 

0.85 

1.2 

Table 1. Defects for 25 MeV nickel ions in MeV. 

B - Window energy loss 

E„ - Energy lost in nuclear collisions 

E_ - Residual defect 

2) The residual defect may be expressed as , 

Er =YL 
dE 
35 

dE 

Ion v ' c surface 

where L is the thickness of the surface region in which 

recombination occurs, y is the fraction of the charge lost 

in this region and (dF/dx) is a critical value of the 
c 

stopping power below which no recombination occurs. The 

existence of a threshold stopping power for the residual 

defect explains the observation that light ions do not 
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exhibit this defect. 

The large heavy ion PHDs measured in the ion 

implanted detectors indicate an extended region in which 

recombination can occur. This is due to tails in the 

distribution of dopant and electrically active defect 

centres which can extend several microns into the bulk6'. 

Laser annealing followed by low temperature 

hydrogen passivation of defects could be applied to 

reduce window thicknesses in implanted detectors and thus 

improve their heavy ion response. 

REFERENCES: 
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"*4 PRODUCTION OF TARGETS BY CENTRIFUGATION 

* 
R. Liguori Neto, P.R.S. Gomes 

We have developed in the laboratory Pelletron 

the technique of production of targets by a centrifugal 

1 2) method ' . This technique is suitable for the production 

of targets of different powdered mate.ials, in the range 

2 
0.5-50 mg/cm , deposited on different backings. 

The method produces targets with high efficiency 

and uniformity when compared with the traditional methods, 

and it is particularly suitable when one wants to work with 

in-beam gamma spectroscopy, where thick targets are desirable. 

The target thicknesses obtained by this method are situated 

in the range gap between thin targets produced by the 

evaporation technique and very thick targets produced by the 

rolling method. The centrifugal method is particularly 

recomended when one needs to produce expensive target material 

with high isotopic enrichment, available as powder, as the 

method has a very high yield. 

The method consists in mixing the powdered 

material to be deposited with ethyl-acetate and then the 

solution is placed in an ultrasonic vibrator in order to 

make it homogeneous. Then, to this solution is added 

a plastic solution. The most suitable plastic solution 

when one is working with heavy ion beams is collodion, as 

this material is completeLy eliminated from the target by 

evaporation after a few minutes of beam impact. 

* Partially supported by CNPq 
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The solution is then, once more, placed in an ultrasonic 

vibrator in order to obtain an homogeneous suspension. 

When this homogeneity is achieved the suspension is 

placed into the centrifugal tube and it is centrifuged 

during 30-60 minutes at 2000 - 3000 rpm. 

We have already produced the following targets 

MATERIAL THICKNESS BACKING 

(mg/cm2) MATERIAL 

T.0- 1.0 mylar 

T.O- 1.0 tantalum 

B 2.0 mylar 

Co 0 1.5 tantalum 

CdS 4.0 nickel 

The uniformity of the targets have been tested 

with a sources and the targets are found to be uniform 

within 7% precision. 

REFERENCE: 

1. I. Sugai - Nuclear Instruments and Methods 145 (1977)409 

2. J.P. Richaud - Nuclear Instruments and Methods 167 

(1979) 97. 

- oOo -



i 
133. 

THE SÃO PAULO P1XE SYSTEM 

* * * 
C.Q. Orsini , P.A. Netto and M.H. Tabacniks 

The systematic improvement of the PIXE-SP 

system has been reported in this Annual Report since 19761'2'3* 

The PIXE-SP has been built with the main purpose of 

supplying the elemental analytical needs of the Group for 

Air Pollution Studies (GEPA) in their investigations on 

urban and natural atmospheric aerosols. 

A new Si(Li) detector with a thin Be window (8ym) 

extended the element-detection range to Na and Mq. 

A complete calibration for K and L X-P.ays has been 

carried out: theoretical sensibility curves for K and I, 

lines were obtained by means of tabulated PWBA ionization 

cross sections ' , fluorescence yields , transition 

probability ratios and nominal efficiency curve of the 

Si(Li) detector. These curves, shown below, were fitted 

to the experimental points only by a multiplicative factor. 

The experimental calibration points were determined by 12 

home-made evaporated standard targets of Aí, Si, BaCi», 

KC , K-CrO., Ti, Cr, Mn, Fe, Cu, Ag, and Pb. 

Standard deviation of about 10?. for 19̂ _ Z<_ 30 

elements, and 20-303 for the others was achieved. As a 

final calibration step, the PIXE-RP Is now being inter-

calibrated with the ones of Florida State University (USA) 

and Antwerpen University (Belgium). 

* Departamento de Física Experimental, IFUSP, São Paulo, 
Brasil. 
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A large experiment in the atmosphere of the 

important industrial-city of Cubatio (State of São Paulo) 

has been successfully performed by using the PIXE-SP system 

Interpretations of the elemental size distributions of the 

inhalable particulated matter in that atmosphere have 

permitted the identification of some of the main air 

pollution sources of the region as well as the trace-element 

constituents of the fine particles (Na, Mg, At, Si, P, S, CJ., 

K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn) and the coarse 

particles (Na, Mg, Ait, Si, P, S, C , K, Ca, Ti, V, Mn, Fe, 

Ni, Cu, Zn, Sr, and Zr). Some suspected trace-elements as 

Cd and Pb were found in negligible air concentrations. 

A new program for air quality evaluation based 

on the PIXE-SP system for elemental analysis, extended to 

the whole country is now being developed in collaboration 

with the Brazilian agency for environmental protection 

(Secretaria Especial do Meio Ambiente, SEMA) and supported 

by funds from FINEP '. 

The PIXE-SP system is now in full operation, 

and being used for analysis of aerosol and biological 

samples. This has been possible because of the effective 

logistic support from the staff of the Pelletron Accelerator 

Laboratory and the use of the workshops and the PDP-11 

computer (used for X-ray spectrum analysis) of the Linear 

Accelerator Laboratory. We wish to thank all of them. 

* Financiadora de Estudos e Projetos 



1 3 5 . 

p t x E - s p l e n i m i r r 

!•&•-

Fig. 1 - The PIXE-SP sensibility curve using a 100 nn 
mylar X-ray absorber with a 8.6* hole. 
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