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SUMMARY OF THE PROGRESS REPORT
M.D. de Souza Santos

Although there is a fair activity in both theoretical and
expermental molear physics in ssvera) Latin America- countries,
tke Atomic Bnergy Institute at Sao Paulo (Brasil) is the only research
establishnent engaged in expen-ental neutron physics. It is under

. the, llat:loml Fucl ear herg conission and the University oicS. Paulo
~and ‘has a staff of 350 people, out of which 150 have & University
:degreo. _Its mclear physica d.iviaion is consti'h:ted by 27 people
,(25 physicuts and two toclmic:lana).

- 'The a.ctivitios su-arised here cover the period from June 1967
to the present date. h

g) SLOW mmzon CROSS-SECTIONS

- The main facilities available ares e

. N
1) a crystal monochromator used in the energy range betveer o, 0004
to 2 eV (higher orders are eliminated, whenevar necesnary vi n
a mechanical velocity selector)s o
2) a slow neu‘ron time~of~-flight spectrometer (slow choi;‘ﬁir;::m .
type, curved slits; flight peth 1,5 to 3,0 meters; MIC 1024 channel
time-of-flight miyur) which covers the energy range between

0,001 eV to 0,1 AV-

I-1) Total cross sections for Pr, Yb, lu, Er, Ho and Tn were measured
and some of the obtained data is already included in DASTAR,
How determinations of the total crose-section were made for
the above elements in order to nave a b:lghor presision. In the
case of lutetium, the o0ld results already reported in CINDA
should be sudbstituted by the new values forwarded to NDU since
it was found that cur sample contained some impurities. The
- new p.rmtcrl of the first Tesonance are '
w7 2o(e7) - 0,145 £ 0,001
T (neV) 63 + 25 2g['2(meV) 0,225 & 0,005

The deduced values for the crou-uctiom for a’b-orption,
~ scattering and parazagnetic were prnmtod.
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I-2 The scattering of slow neutrons by lead {natural) was studied

I-3)

I-4)

for & monocrystal (220 and 111 parallel to the incoming beam),
powder and liquid samples for neutrons of wavelengths between
1 and 10 angstrﬁme.:

The total cross-section of U02 for neutrons of energies between
0,08 and 0,008 eV with ihe time-of-flight spectrometer.

The UO2 sample used was prepared by the nﬁclear utallury
division of our Institute. It was obtained from brasilian

' monasite and comes from the same uranjium stock used in the

construction of the mub-critical reactor RESUCO. The obtained

" values shund a good agroollant with the HI. values,

;'l'ho total eroso-section for polycmtall:lne iron for neutron-

in the energy interval betveen 0,0025 eV and 0,15 eV was “measured
with the IEA (Atomic Energy Iusti‘lnte) slow neutron tme-of-1ight
specu'onoter in order to check its operation conditions. A very
good agreement was found between the theoretical cross-seciion ,
curve and the experimentel results. In the theoretical calcula-
tion the oross-sections for absofption, coherent and incoherent
elastic and inelastic scattering were taken into account,

II) OTHER NUCLEAR PHYSICS ACTIVITIES

11-1)

11-2)

Paramagnetic scattering by rare earth ions.

The theoretical -.si'ou-seojtion for paramagnetic scattering

‘salculated for nine rare-earth ions using Prammel's theory

and the resul is of Blume, Freeman and Watson with the Hartree-
Foock approximation for the caloulation of the orbital and spin
contriitions.

A comparison with our results obtaired experimentally for

-holmium and thulium showed a good agreement,

Certain aspects of the calibration and resoclution of slow neutron
spuatrometers. '

The method of calibrating and determining the resolution of
slow neutron specirometers by the measurements of Bragg Breaks
was discussed and cthe prodblem of folding a Gaussian resolution
function with a linear function pruonjting a sharp break was
analytically studied,



II-3)

11-4)

11-5)

11-6)

I1~7)

11-8)

- 3=

The effeoct of a Gaussian resolution in the transnissién,
inverse transmission and total cross-section is theoretically
evaluated for the iron. (110) Bragg cut-off, for many resolution-
widths and weveral sample thicknesses, It is concluded that
‘the analysis of the measured iranemission curve gives the

wost direct and accurate results, This paper will appear
shortly in "Nuclear Instruments ané Methods"™,

Spectral distr:lout:lon of the neutrons emerging from one of
the IEAR-1 reactor besm tubes.

The epo'ctral‘ distribution of the thermal neutrons was measured

‘with the orystal Bpéctroneter,‘ corrections were made for the.

riﬂ.octalviw of the cryatal, spoctroleter reaolutlon and
detooior efﬁoicncy.

'l'he slow neurtron time-of-f1ight spectrometer was also used to
measure the IEAR-1 neutron spectrum.

The Atomic Energy Institutie miclear metrology group partici-
pated &t the international comparison of the activﬁ} of 0060
solutions organized by the Bureau Internal de Poids et Mésures.
The results obtained have shown a high precision (0,07%) and
an - excellent agreement with the best measurements submi tted.

The use of tracers for the absolute measurement of pure beta
emitters was investigated by the ‘Taclear metrology group.
Conclusions on the non—linearity of the efficiency function,
on the influence cf the relative amounts of the tracer and

- beta emitter and on the actuzl precision of the method are

present-d,

Capture gamms radiation (n,¥) for Al, Pe, F¥i and T
was measured with a Ge-14 detector with an8-mm compensated

- layer and 13 KeV resolution.Bnergy values and transition

schemes are presented,

The Mcnte Carlo niethod was used in order to calculate the
response function, the photo-fraction value and the efficiency
of luI('k‘f/) orystals as a function of the gamma-ray energies.

!
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Rayleigh and Compton scattering, photo-eleciric effect and
palr production were considered as prinsry interactions; as .
secondary interactions, Breammssirahlung, annihilation radiation
and the energy loss of -the eiectrons in the crystal were taken

into accounts
III) WORK IN PROGRESS ’

III-1) Photofission. The behaviour of the photofission cross-section
for ' and Th is being continued, using monochrometic gamma-
rays from (n,{) processes in several muclides, The final
results will be analyzed within two months and it is hoped
that some doubts on the sudden jt;-ps of the fission cross-—
section near the threshold, observed by Carvalho et al, will
be explained..

" II1-2) A new seotor type ‘beta-spectrometer of high resolution (.o15$
for sources 0,4 cm wide) is being tuilt for (n,3) capture
processes. The sources wiil be located at one of the reactor
through-tubes, at 380 from the spectrometer; the conversion
electrons will be piped in high vacuum and the earth magnetic
field will be compensated by magnétic quadrupole lenses.

I11-3) Neutron flux measurement with foilse {(thermal and threshold
detectors) is being continued. Special technigues (such as
“the use of ’-'f tracers) are being developed for the accurate
measurement of pure béta-emittérs with 47 proportional counters.

80lid state (mica and plastics) fission detectors are being
used for flux measurement and a8 comparison with the conventional
detectors is being made,

I11-4) Slow neutron crou-uctibp measurements with ths crystal
7 mnocbrgmhran being pursued, A prisrity will be given to
the measurements of our interest which coincide with roquuts
to the INDC,



