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FOREWORD
The
Physics

-

4th

ISRP-4

International

Symposium

on

was

with

objective

organized

the

Radiation
of

gathering the physics radiation community in a meeting where
the nost recent advances

in this broad

interdisciplinary

area of science could be discussed. A big effort was made
announcing the Symposium through mailing lists and journals.
The response of the community was very good. A large number
of abstracts were submitted and 212 papers were accepted.
The Organizing Committee made a big effort to raise funds to
subsidize

the

Conference,

and

the

Brazilian

funding

institutions were very receptive in supporting the event. We
are very grateful to all of them wich on, listed in the
front page.
unfortunately, the cost of travel represented a
big obstacle for the participation of many scientists in the
meeting, in particular for those from developing countries.
Contrary to our expectations we had to retype all
abstracts received. This was done in a very short time and
so we apologize for any mistakes that could have remained.
The

Organizing

Committee

wants

to

thank

the

Secretaries that participated in the making of this book and
in the other activities of the Symposium. We thank also the
administrative

and

technical

staff

of

the

Institute

of

Physics for their help in many tasks. Without the help of
all these people this meeting would have been impossible.
Last but not the least, the Organizing Committee
wishes to thank your participation in this event and hopes
that the objectives can be attained.
Local organizing committee
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I. FUNDAMENTAL PROCESSES IN RADIATION PHYSICS

INVITED PAPERS

Effects of Nuclear Deca,.
on the Atomic Electron Rearrangements
Yasuhito Isozumi
Radioisotope Research Center,
Kyoto University,
Kyoto, Japan

Since every nuclear transition takes place in the whole system of nucleus plus atomic
electrons, the atomic electron cloud is perturbed in most of nuclear decays, except the 7-ray
emission which can be expressed only by nuclear variables. For example, some vacancies in inner
shells are produced through the internal conversion (IC) or the electron capture (EC). These
nuclear decays are regarded as the first-order phenomena caused by mixing therms between atomic
and nuclear variables in electromagnetic or weak interactions. The perturbation of electron doud
during nuclear decays generally results in additional ionizations and excitations of inner shells, but
with small probabilities, e.g., typically 5x10"* per 0-decay for the K-shell ionization of **Y (Z=39).
This second-order process is called the internal ionization am? ....'.

'HE), or shakeoff and

shakeup, self- or auto-ionization and excitation in other terminologies. The IIE process is one of
.various second-order phenomena during nuclear decays, such as internal Bremsstfahlung, internal
Compton effect and internal pair creation. In these second-order processes, IIE may be the most
.interesting subject to be investigated. Since IIE is much concerned with the interaction of nucleus
and atomic electrons, the study of IIE can provide valuable information about the atomic shell
structure of physical and chemical interests.
The mechanism of IIE during a-decay is a little different from that during 0, IC and EC
decays. The velocity of a particle from known a emitters is so much slower than that of orbital
electrons in most inner shells (Va/VK« -0.1) that the perturbation caused by or particles becomes
adiabatic rather than sudden for such inner shell electrons. Therefore, the full time-dependent
perturbation theory (e.g., adiabatic approximation) must be applied to treat IIE of inner shells
during a-decay theoretically, while the ordinary theory for sudden perturbations are available for
IIE during 0, IC and EC decays. The present review talk is limited to the K-shell IIE processes
during p, $*, IC and EC decays, which have been investigated intensively by various experimental
and theoretical methods. A main purpose of the talk is to introduce a general aspect of the
phenomena in a framework of the second-order perturbation theory.
The review talk consists of the following three parts.

-

1) Experimental evidences: There are two kinds of experimental works so far performed for

the K-shell HE during £, IC and EC decays; one is the measurement of the total ionization
probability per decay and the other is the measurement of energy spectra of ejected electrons.
-Some previous works are discussed to show difficulties of experiments for observing such rare
! phenomena.
'

2) Theoretical treatments: Mechanisms of the phenomena, so far established or proposed,

.' are summarized, giving some historical sketches of previous theoretical works.
I

3) A general aspect: Mechanisms proposed for each nuclear decays can be unified through

|: the second-order perturbation theory. According to this unified aspect, the matrix element of HE
I for each nuclear decay is given by
I

M(l £ ) = [overlap integral],
M(IC) = [K-K correlation],
M(EC) = [overlap integral] - [K-K correlation].
Available total ionization probabilities so far measured are qualitatively discussed from the
standpoint of the unified aspect. New calculations according to this viewpoint may be proposed to
•theoreticians.

Photoionization Studies of Atoms and Molecules
Using Synchrotron Radiation
Dennis W. lindle
National Bureau of Standards
Gaithersburg, Maryland 20899
Photoionization studies of free atoms and molecules have undergone considerable
development in the past decade, in large part due to the use of synchrotron radiation with its
inherent advantages of tunability, brightness, and good linear polarization. Tunability, in particular,
has permitted the study of photoionization processes near valence- and core- level ionization
thresholds for atoms (and molecules containing them) throughout the Periodic Table. When
photoionization occurs, it can be monitored by measuring absorption of the incident radiation, by
detecting the ionization products (electrons, ions), or by observing subsequent particle emission
(Auger, fluorescence) from the ion(s) produced. Illustrations of these different modes of study will
be presented, with emphasis on some of the more promising new directions in atomic and
molecular physics being pursued with synchrotron radiation.

Internal Bremsstrahlung in Electron Capture and Neutrino Mass

B. A. Logan
Ottawa-Carieton Institute of Physics, University of Ottawa
Ottawa, Ontario KIN 6N5, Canada

The possibility that neutrinos and antineutrinos have a non-zero mass is a topic of
considerable current interest. Lubimov et al investigated the end point of the tritium jff-ray spectrum
and found evidence for antineutrinos with a mass of about 30 eV. The observation of a kink in the
tritium /J-ray spectrum has been interpreted as 2 •* 4% of the emitted antineutrinos having masses
of about 17 keV. However, other recent investigations of the /f-ray spectra from tritium, 35S, and
,; °Ni have not supported the existence of either 30 eV or 17 keV antineutrinos.
:j

It is also possible to measure the neutrino mass by studying the photon spectrum of the

, internal bremsstrahlung emitted in electron capture (IBEC). Several experimental investigations
! have been reported and limits obtained for the mass of the neutrino, and on the relative intensity
of neutrinos with masses of about 17 keV. These results are reviewed and the relative merits of

-*
IBEC measurements are discussed.

Photoionization Cross Sections:
Present Status and Future Needs*
Steven T. Manson
Department of Physics and Astronomy
Georgia State University
Atlanta, Georgia 30303, USA

Photoionization cross sections find utility in numerous applied areas of science and
technology, including such diverse applications as space and astrophysics, radiation protection, and
laser design andapplicationsJn addition, the interaction of electromagnetic radiation with matter is
one of the most basic processes in nature. In this paper, we shall give a brief overview of the
present status of our knowledge of experimental and theoretical photoionization cross sections of
atoms. Particular attention shall be paid to excited states and ions, which are becoming increasingly
more important for applied purposes, and about whkh the least is known. Furthermore, emphasis
will be plr ed on the new physics that has been (and will be) learned from these photoionization
studies. An outline of the existing data will be presented along with some indication of its accuracy.
Cases of particular interest will be highlighted. Finally, a prospectus for the future of the field will
be given.

*, Work supported by the U.S. Army Research Office

(b)

CONTRIBUTED PAPERS

Photoabsorption on Atomic Ions:
Dependence on Degree of Ionization
Y. Kuang, R R Pratt, and Qi Dong
Department of Physics and Astronomy
University of Pittsburgh, Pittsburgh, PA 15260, U.SA.
In the study of the processes taking place in fusion and in astrophysical plasmas, in addition
to spectroscopic characteristics, the photoionization cross sections for multicharged ions are of
interest. In this work we calculate and examine some features of both subshell and total
photoionization cross sections for the positive isonuclear Neon ion sequence. Here the
independent-particle-approximation (IPA) model is used, together with a vacancy potential,
removing the contribution to the total atom self-consistent central potential due to the active
electron making the IPA transition1.
A given subshell photoionization cross section increases as ionization degree increases,
since the absence of an electron reduces the screening of the active electron due to that electron.
This change in the subshell cross section with ionization can be characterized in terms of the ratio
of ion cross sections to the neutral atom cross section. The differences of such K-shell cross section
ratios from unity is small (a tenth of a percent), since outer electron penetration within the K orbit
is small, while for outer shell ratios the difference from unity is much larger, because the
penetration of an outer shell electron into a given outer subshell is much bigger. The subshell cross
section ratios approach a constant as the photon energy increases, and this high energy limit value
is given by the square of the bound state normalization ratio for ion and neutral atom2.
As ionization degree changes, there are two factors involved in determining how the total
absorption cross section from ionic species changes: (1) the subshell cross sections per electron
increase as ionization degree increases; (2) the number of electrons decreases as ionization
increases. As a result (for Neon), the total cross section gradually increases with ionization until the
2s electrons are being removed, and then it drops sharply. We can give a semiquantitative
characterization of the total cross section ratio curve based on an effective charge method9.

References
t Y. Kuang, RüPratt, et aL, 'Problems with IPA Latter Tail Potential in Neutral and Ionic Photoeflect
Calculations', for presentation at X-87 and publication in J. dc Physique.
1,R. Y. Yin, O. V. GabrieL R. H. Pratt, Phyi. Rev. 36, 1207 (1987).
unpublished report LA-647, Lot Alamos Scientific

Calculation of Electron Mean Free Paths and Backscattering Factors
Within the First Bonn's Approximation
A.P.Bir'ukov, V.LSukhorukov
Rostov Railway Engineers Institute, Chair of Physics,
344017 Rostov-on-Don, USSR
Cross sections of ionization by an electron impact (a) are used in quantitative Auger analysis
(QAA) to determine concentrations of elements within a sample. Together with a, the important
characteristics in QAA are electron mean free paths (X) and backscattering factors (r) which are
dependent on electron ionization cross section. In this work X and r for C and Si are calculated
using o obtained within the first Bora's approximation. Ionization cross sections of inner shells (for
X) and outer shells (for X) in C and Si have been calculated according to / I / with taking monopole
rearrangement of electron shells into account and using Hartree-Fock wavefunctions. A classic
Everhart's function of electron distribution within a sample have been used to calculate r.
Calculated r(E) and X(E) are compared with the experiments /2,3/. There is a good agreement of
theoretical and experimental r for C and Si (fig. 1). Theoretical X is in good agreement with the
experiment only for C (fig. 2). In case of Si, experimental data are 3-4 times greater.

r
1.6

a
1.2
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5

O Z 4 6 6 10
Fig. 1 Backscattering factors for Si
L.3MM. ( ) • our calculation, (...) • our
calculation, (...) • experiment / 2 / . E( is the
ionization energy.

References:
/ l / A. P.,Bír'ukov, V.L. Sukhorukov, Abstr. 14th Int. Con/. X-Ray
19.
Ill D. M. Smith, T. E. Gallon. I. Phys. D, 1974, v. 7, p. 151.
/ 3 / C. J. Powell, Surf. Sci., 1974, v. 44, p. 29.
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Fig. 2 Electron mean free paths in C. (
• our calculation, (...) • experiment / 3 / .

)

and Inner-Shell Proc. (Paris), 1987, p. B-c

Many-Electron Effects During Inner Shell Ionization in Atoms
V.L.Sukhorukov, A.N.Hopersky, VA.Yavna
Rostov Railway Engineers Institute, Chair of Physics
Rostov-on-Don, 344017, USSR

K-photoabsorption spectra of Ne, Na, Ar, Kr and Xe, L f - spectrum of Na, and L^- spectrum
of Ar are calculated. The

following effects have been taken into account: 1. monopole

rearrangement of electron shells (MRES) in presence of core vacancy / I / ; 2. over Hartree-Fock
correlation rarefication (CR) of atomic shells when obtaining photoelectron's wavefunction; 3.
dipole transitions between the states of virtual electron excitations within the initial and final
atomic states (vacuum correlations (VC)). At the Ar K- threshold
aMres+CR :aMREs*auvc

k

the

ratio

o^* : <r*RES :

230:1:1,03:130 (FCA is for "frozen" core approximation). "Die

corresponding ratio for Ar L^3-photoabsorption, 1,71:1:1,20:1,18, demonstrates strong effect of
MRES and CR caused by the collapse of d-wavefunctions in this atom.
Within above edge regions, L M - and M&3- photoabsorption spectra of Mn and Zn, M4^- and
-N45- spectra of Gd and Lu are calculated. It is shown that taking MRES into account decreases the
cross sections near the edge as compared with calculations without MRES / 2 / (35% and 25%
•decrease for L M - and M^3- photoabsorption in Mn; 65% and 30% decrease in M43- and N4^photoabsorption of Gd). There are two types of minima in photoabsorption cross sections: 1.
Cooper's minima caused by unmonotonous behavior in one of the two channels (f-channel in Gd
N4 5- photoabsorption); 2. minima appearing as a result of superposition of two channels each one
of which does not contain any Cooper's minimum near the edge (s- and d- channels in Mn
photoabsorption).

References:
/ I / VX^ukhorukov CA. Opt. Spectr. (USSR), 1979, v.47, No 2, p. 407-409.
p.! JJ. Yeh, I. Lindau. Atomic Data and Nuclear Data Tables, 1985, V. 32, No 1, P. 1-155.

Theoretical Description of Subvaient Shells Photoionization
I. D. Petrov, V. L. Sukhonikov
Rostov Railway Engineers Institute, Chair of Physics
344017 Rostov-on-Don, USSR

Taking inter-shell RPAE correlations into account significantly changes Hartree-Fock
subvaient ns-shells photoionization cross sections / I / , but still it leads to only qualitative agreement
with experiment. In this paper subvaient levels cross sections in Ar, Kr and CH4 were calculated
considering both RPAE correlations and dynamic dipole polarization of electron shells described
by the graphs

Calculated ionization cross sections of the main, and of the three shadow levels in Ar are
shown in the figure. One can see that at« = 3.4 Ry ionization cross sections for main and shadow
levels are comparable, which must lead to comparability of corresponding peaks in Ar 3s
photoelectron spectrum.

rioioi

l i n t ) / »

IID10I

I H H t / k

( ). (_.._), ( « ), ( ... ) • ionization cross sections for the levels with binding energies
2.15,2.72,2.82,2.99 Ry, arising from the states 3s*12S,3pa 4s 2S,3p* 3d 2S,3p* 4d aS, (~) - /!/, (•) -

References
/ I / M. Ya. Amusia, N. A. Cherepkov - Case Stud. Atom. Phys. 5(1975)47
/!/ R. G. Houlgate e.a. - J. Electron Spectroc 9(1976) 205

Effect of the X-Ray Scattering Anisotropy un the
Diffusion of Photons in the Frame of the Tranwvt Theo: ;
J. E. Fernandez * and V. G. Molinar»
Laboratório di Ingsgneria Nucleare di Montecuccolino
Universita di Bologna - Via dei Colli 16 - 40136 Bologna - Italia
In the frame of the multiple applications of the x rays techniques it b of the outmost
importance a detailed description of the photon transport under several boundary conditions in
heterogeneous media.
In this work the photon transport equation is considered and approximate solutions, enough

>

correct to practical ends, are reported, talcing particularly into account the relevant effects of the

!

scattering anisotropy and the particular geometric conditions.

\

It is used a specially simple inelastic scaterring expression, but sufficiently realistic, that rends
possible the mathematical handling of the transport equation.

f
\

Changing the parameters that come out in this model of cross section, is made evident how
much the scattering anisotropy influences the reflected and the transmitted radiation.

* Leave of absence from the Faculty ofMathematics, Astronomy and Physics, University of Cordoba, Argentina.
Member of CONICET, Buenos Aires, Argentina.

\

K-shell Ionization by Antíprotons •« Ag

GV.Sheth
Physics Department, University of Zambia
P. O. Box 32379, Lusaka, Zambia

K-shell ionization by anti-protons in Ag for various projectial energies are calculated using
[relativistic binary encounter approximation (1). Recoil effects due to virtual photon exchange are
• also investigated under the same model. The calculations are compared with the previous existing
calculations (23)-

References:
1. C. V. Sheth, Phys. Rev. A 29,1151 (1984).
2. W. Brandt and G. Basbas, Phys. Rev. A 27,578 (1983).
! I* 3.

G.

Mehler,

B.

Muller,

G.

Greiner

and

G.

Soft,

Phys.

Rev.

A

36,

1454 (1987).

Study of Anomalous Dispersion in Elastic Scattering of 59.5 KeV Photons Near
K-Absorptton Edges of Target Atoms
S.K-Ghose
Department of Physics - University of North Bengal
India

Elastic scattering cross sections at large angles of target atoms with K-absorption energy near
59.5 KeV photons have been calculated using anomalous dispersion model. The calculated results

\

for representative target atoms have been

|

compared with the results obtained from exact

numerical partial wave methods of Kissel et al (1986) and our new experimental results.

Cross Section Calculations Using the Charge
Density Approach*
C J. Tung
Institute of Nuclear Science
National Tsing Hua University
Hsinchu, Taiwan 30043
Republic of China

The inelastic interaction cross section plays a fundamental role in radiation physics. Detailed
calculations of this cross section require quantum mechanical wavefunctions which are difficult to
obtain. Thus, a simplified approach yielding reasonably accurate cross sections is useful in many
aspects. This work deals with an approach which starts with a model cross section function and then
averages it according to the electron density distribution of the system. In the case of atoms,
applications involved binary collision or Drude models for the cross section function and
hydrogenic or Hartree-Slater models for the electron density distribution. For solids, the Drude
cross section function and the pseudo charge density distribution derived from measured dielectric
I function data have been applied. Generalized oscillator strengths, energy loss functions, differential
^ .cross sections, and transport parameters such as mean free paths and stopping powers obtained
;• using this approach will be discussed.

•Research sponsored by the National Science Council of the Republic of China.

16
Calculation of Electron-Pair Creation
Cross Sections on Sn and U
K. K. Sud* and C. W. Soto Vargas
Escuela de Fisica, Universidad de Costa Rica, San Jose,
Costa Rica
Recently Wright et al1 have calculated DWBA pair production cross sections for 10 and 20
MeV photon energy on the U nucleus by using a new technique to compute the radial integrals2-3.
In the high energy limit, to a very good approximations, the corrections for the screening effects
and Coulomb distortion can be applied separately to the plane wave Born approximations. Wright
et al 1 have shown by comparing their calculations with the experimental results that the separation
is not valid in this energy range. Furthermore, in the energy range 5-20 MeV the Coulomb

f

corrections to the PWBA results is very significant and varies with photon energy which have been

\

4 5

evaluated so far by using the semi empirical formulae * . Thus the pair production cross sections
are required in this energy range. We present in this paper DWBA differential and total pair

•

production cross sections for photon energy 6 and 15 MeV on atomic number 50 and 92 by using
the technique of Wright et al. We will present and discuss details of the calculations and compare
4

5

\

the total cross sections with the PWBA, semi-empirical formulae of Overbo and Maximon-Gimm

•

and interpolated results.

]

References

1. L. E. Wright, K. K. Sud and D. W. Korikjhys. Rev. C1987.
2. K. K. Sud, L E. Wright and D. S. Onley, J. Math. Phys. 17,2175 (1976).
3. K. K. Sud and D. K. Sharma, Phys. Rev. A30,2311 (1984).
4.1. Overbo, Phys. Lett., 71B, 412 (1977).
5. L. C. Maxiraon and H. A. Gimm, Nat. Bur. Stand (U.S.), Internal Report, 78-1456 (1978).
* Present Address: Department of Physics, University of Jodhpur, Jodbpur • 342001, India.

Expectation of LET of a Tritium Beta Particle
Toshifumi Saigusa
Ryukoku University, Kyoto, Japan
and
Sakae Shimizu
Institute for Chemical Research,
Kyoto University, Kyoto, Japan
The expectation of LET

(Linear Energy Transfer) of a tritium beta particle around its

parent nucleus in water has been calculated by the use of the range-energy relation of electrons.
Values of LET is found to be rather high near the end of tracks of electrons. A beta particle
emitted from triton has a momentum which shows stochastic distribution. The peak of the energy
spectrum of the particles is observed to be located at about 2.5 KeV. For tritium beta particles,
therefore, higher LET may be expected.
The energy spectrum of tritium beta particles is estimated from the Fermi distribution
function, and the spectrum is divided to a step function with 100-eV width. The initial energies of
all electrons which belong to the ith region of the spectrum is assumed to be equal to the median E,
of the ith region. The kinetic energy Eo of transformation is taken as 18.589 KeV which is the mean
value of five end-point energies experimentally determined. The range of electron with energy E is
obtained from the range-energy relation (ICRU Report 16). The residual range r of the electron
with energy E and range R at the position x from its parent nucleus is taken to be R-x, and the
residual energy of the electron is obtained from the same range-energy relation. The energy loss
per micron of the electron with energy E, can be estimated over the distance of one micron along
the radial direction from the parent nucleus, and the expectation of the energy losses is calculated
from the stochastic distribution of energies.
Calculated distribution of LET to be expected is discussed.

it
Rayleigh Scattering From Ions Near Threshold

S. C Roy,* S. K. Sen Gupta.fLynn Kissel, \ and R. H. Pratt
Department of Physics and Astronomy, University of Pittsburgh, Pittsburgh, Pennsylvania 15260
USA.

Rayleigh scattering of photons from neon atoms with different degrees of ionization, for
energies both below and above the K-edges of the ions, has been studied Some unexpected
structures both in Rayleigh scattering and in photoionization from neutral and weakly ionized
atoms, very close to threshold, have been reported.1*2 It has been recently realized that some of the
observed structures may have a non-physical origin and are due to the limitations of the
independent particle model and also to the use of a Coulombic Latter taiL Use of a K-shell vacancy
potential - in which an electron is assumed to be removed from the K-shell - in calculating K shell
Rayleigh scattering amplitudes removes some of the structure effects near threshold. We present in
this work a discussion of scattering angular distributions and total cross sections, obtained utilizing
vacancy potentials, and compare these predictions with those previously obtained in other potential
'models.

References
1. G. Basavaraju, et aL, Phys. Rev. A 34,1905 (1986).
2. Y. Kuang et aL, Internal Report, Univ. of Pittsburgh, PITT-372 (1987).

* Permanent address: Dept. of Physics, Bose Institute, Calcutta 700 009 India
t Permanent address: North Bengal University, Darjeeling 734 430, India
t Permanent address: Test Planning and Diagnostics Division, Sandia National Laboratory, Albuquerque, NM
«7185 US A.
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Double Atomic-Field Bremsslrahlung From Thick Targets
Halim Lehlihet and Carroll Quarles
Texas Christian University, Fort Worth, TX 76129 U.SA.
Double atomic-field bremsstrahlung (DB) is the inelastic scattering of an electron in the
Coulomb fíeld of an atom with the simultaneous radiation of two photons. The process is related to
fourth order QED. The first observation of DB was the detection of two photons in coincidence for
75 kev electrons from a linear accelerator incident on thin targets. [1] When the observed
coincidence rate was attributed to DB in the target, the cross section was about two orders of
magnitude larger than that expected from the theory. [23,4]
We have developed a model of DB in thick targets (TDB) analogous to the usual model [5]
of thick target single bremsstrahlung (TSB), involving as integral of the DB cross section over the
target in the approximation of continuous slowing down of the electrons. Using the model, we can
resolve the previous discrepancy by attributing the rate to TDB in the detector windows from
electrons elastically scattered in the thin targets. The TDB model predicts that the coherent
radiation of two photons by a single electron interaction in the thick target is much more probable
than the incoherent radiation by two correlated electrons.
i|*

Results of a new measurement of the two-photon coincidence rate from the bombardment of
thick targets with the 84 kev electrons from a Cd-109 source will be presented for different
thickness targets of Ag, Ta, Au, and Pb, for photons with energy from 32 to 52 kev. The results will
be compared with the TDB modeL The rate from related two-photon processes such as double
Compton, double internal bremsstrahlung, and single bremsstrahlung from the target inner-shell
will also be discussed. Results for the TSB spectrum from the 64 Kev electron in coincidence with
the 22 Kev X-ray from the source will be compared with the TSB theory. Experiments are in
progress with a C-14 source, and we expect to have results on the photon energy dependence of the
TDB rate.
References
1. J. C Altman and C A. Quarles, Phys. Rev. A31 (1985) 2744; Nuc. Inst. Meth. A 240 (1985) 538.
2. A. I. Smirnov, Sov. J. NucL Phys. 25(5) (1977) 548.
3. V. Florescu and V. Djamo, Phys. Lett. A119 (1986) 73.
4. V. Veniaid, A. Maquct, and M. Gavrila, Phys. Rev. A35 (1987) 448.*
. 5. E. Storm, Phys. Rev. A5 (1971) 2328.

Z-O
Exact Calculation of Internudear Bremsstrahlung in Ion-Solid Collisions
M. C. Pacher, J. E. Miraglia
Instituto de Astronomia y Física del Espacio (Conicet)
C.C. 67, Sue. 28,1428 Buenos Aires, Argentina
Exact intemuclear bremsstrahlung has been calculated in the non-relativistic formalism.
Retardation was included as in previous papers1-2. Angular distributions of 1-MeV protons on
Aluminum solid target were obtained. When retardation is considered, distributions were found to
be asymmetric with intensities larger at smaller angles. The asymmetry is less pronounced for
antiprotons but one order of magnitude greater. That asymmetry should be taken into
consideration for PIXE measurements of heavy traces producing hard-X-ray lines in the region
where the internuclear bremsstrahlung is competitive with atomic

3

and secondary electron

bremsstrahlung4.
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X-Ray Absorption in Atoms Under Intense Radiation Fields
A. L. A. Fonseca"1" and A. C. Nunes"**
PHYSICS DEPARTMENT, UNIVERSITY OF BRASILIA
70.910, BRASILIA, DF - BRAZIL

We investigate the absorption of X-rays in atoms assisted by intense radiation field treated in
the Seely and Harris approximation . We find , for the two photon fields polarized in the same
direction tliat a x decreases as e" 1 in the intense field regime and with e~ 3 in the limit of supe
intense fields (€ is proportional to the field amplitude). Moreover this approximation1 leads to a
straightforward determination of the cross section without the needs of the usual power series
expansions or graphical solutions3.
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Creation or Relativistic Beams of Fermionium
Haakon A. Olsen
Institute of Physics
University of Trondheim
N-7055 Dragvoll, Norway
The first experimental production of relativistic positronium has been reported1. Positronium
was formed in the triplet state in the i°«decay

In view of the possibility of doing positronium and u-fermionium research with relativistic
beams with this production method we have calculated the cross sections2 for production of bound
states of fermionium (f*f) in collisions of relativistic electrons with atoms
e + Z - e + Z + (f*f)

(2)

where we consider specifically the fermionium to be a positronium (e*e) or a 0-fermionium
Qi*p') bound pair.
Production cross sections for the process Eq. (2) and for the related process
*

1 + Z -> (f + f) + Z

have been obtained.
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Hadron Energy Loss in Passing Through Intranuclear Matter
Z. Strugalski

Institute of Physics, Warsaw Technical University
uL Koszykowa 75, PL 00-662 Warsaw, Poland
Experimental data on hadron passages through atomic nuclei have clearly brought out the
fact that hadrons lose "fluently" their kinetic energies in passing through intranuclear matter,
similarly as electrified particles do it in traversing materials. There can be no doubt that hadrons
are reduced in velocity by their passages through layers of intranuclear matter due to the action of
the strong forces.
The energy loss is accompanied by the emission of nucleons - of about 20 to 400 MeV kinetic
energy, similarly as energy loss of electrified particles in materials is accompanied by ejected
•I

electrons. But, the electrons are knocked out from atoms; in contrary, the emitted nucleons are not

if

I :*
;'

the knocked out - they are rather decay products of some two - or more - nucleon systems formed
inside the target nucleus and decaying after having left it. The properties of the emitted nucleons
indicate that the systems can be formed when low energy pions • with kinetic energies near to 0 are absorbed by two or more nucleons inside the target nucleus; such low energy pions could be
knocked out along the paths of hadrons in intranuclear matter, and they cannot be observed
immediately - as absorbed in the target nucleus. Such low energy pions could be an analog to
electrons knocked out by electrified particles in materials.
Further investigations of this hypothetical analog are in progress now; former works contain
additional data 1 " 3 .
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Range and Stopping Power for Slowing Down of Particles in Matter
V. Molinari and T. Trombetti
Laboratório di Igegneria Nudeare di Montecuccolino
Universita di Bologna
Via dei Colli 16 - 40136 Bologna - ITALY

Some model problems of stationary slowing down of radiations due to interaction with
matter can be studied by an approximate method of solutiqn of the transport equation. Charged or
neutral particles with energy E o impinge on the plane surface of a medium in the direction of the
normal versor jç z . Their velocity distribution function vs. the penetration depth, z, is assumed

\

spherically symmetric after translation by some vector w = w(z) Jçz and, specifically, Maxwellian

%

with temperature T(z) (more generally, a truncated Laguerre expansion). The distribution function

I

is determined by the unknown parameters w(z) and T(z), or e.g. by the equivalent ones £ - mw 2 /2

\

and <E> • i+3T/2 (average energy) or better by the "lethargies" V=ln(E o /<E>), U - l n ^ É ) .

)

From the Boltzmann equation we get a set of ODE for the chosen parameters. As the
independent variable we replace z, which leads to a singularity, with U or V. We have obtained till
now the range, stopping power and other relevant quantities for Coulomb elastic scattering of
electrons against electrons and for constant cross section elastic scattering of neutrons, with field
particles assumed free and at rest.

Harmonic Generation in Laser-Free Electron Scattering Reconsidered
Anna K. Puntajer andC. Leubner
Inst. Theoret. Phys., University of Innsbruck, A-6020 Innsbruck, Austria
The availability of high power lasers has focused considerable theoretical and experimental
[1,2] attention on the interaction of intense coherent electromagnetic radiation with free electrons.
In one such experiment, Englert and Rinehart [1] measured second harmonic photons produced at
right angles in a head-on collision of a 1.7xlO14W/cm2 Nd-glass laser and a 1.6 keV free electron
beam. They reported an order of magnitude agreement with an unpublished quantum
electrodynamical cross section by Jafarpour, and with a classical cross section predicted by
Vachaspati [3]. The latter, however, differed substantially from a semiclassical cross section given
recently by Ehlotzky [4]. On the other hand, since the configuration under study is well-known to be
quasi-classical, one should expect these cross sections to agree much better.
Therefore, we rederived the pertinent cross section within classical electrodynamics, invoking
no other approximation than the assumption of a plane wave incident laser field. A graphical
comparison of the various cross sections in the average electron rest frame shows in Fig. 1 fair
agreement with the classical result of Vachaspati (who linearized with respect to the laser
intensity), but a substantial disagreement with the semiclassical cross section of Ehlotzky, which,
however, cannot originate from our setting fi equal to zero.
Vachaspati
Ehlotzky

direction of
observation in [1]

Although in Fig. 1 there is no electron drift velocity, we note a conspicuous forwardbackward asymmetry of the cross section. This asymmetry - not mentioned in the literature before can be explained as an interference between

te fields produced by the linear and nonlinear

components of the electron motion in the laser field. Since it is within experimental detectability, it
constitutes an important additional signature of the nonlinearity of the process. In the experimental
setup of Englert and Rinehart, this asymmetry is even slightly enhanced by the additional
relativistic forward tipping of the rest frame pattern due to the finite drift velocity, and it renders
the direction of observation of second harmonic photons of these authors most unfavorable,
Since our cross section is valid for any electron energy, it also accomodates the highly
relativistic configuration envisaged by McDonald [2].
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Nuclear Fission Studies Using the Close-Packed Spheron Model
L. S. El-Mekkawi and R.MA Maayouf
Nuclear Research Center, Atomic Energy Authority,Egypt

The close-packed spheron model, suggested by L. Pauling, is used for predicting both the
mass distribution and average charge of the fission fragments formed in the thermal neutron
fission of

235

U . The model is also used for predicting the mass distribution of the fission

fragments formed in the spontaneous fission of 252 Cf.
It was found that the mass distribution curves obtained by this model are in better agreement
with the eqperimental ones, when the number of Spherons is closer to A = 132, in the heavy core
and the resulting spherons get a dumble shape at fission.
The average charge values obtained by this statistical method agree rather well with the most
probable charge values, obtained experimentally for values of A between 100 and 140. The
calculated average charge values were used for determining the relative deformation at different
mass ratios. The results of calculations were also compared with the available experimental data.

A Multigroup Flux-Limited Asymptotic
Diffusion Fokker-Planck Equation
Liu Cheng-an
(Institute of Applied Physics and Computational
Mathematics, Beijing)
A more perfect flux-limited method is combined with asymptotic diffusion theory of the
radiation transport and the high peaked component in the scattering angle is treated with FokkerPlanck methods, thus the flux-limited asymptotic diffusion Fokker-Planck equation has been
founded.
The form of the equations as follows:

The initial condition

20i(Y&*o)saj*o &)

The boundary conditions

ly(T,i)+Ln-vIe9(T,i)=:0 i n
ly(ryi),ãvlaf(r,i)

tne free

surface

continues in the interface

Since the equation is of the diffusion form, it retains the simplicity and convenience of the
classical diffusion theory, improves precision in describing radiation transport problems.

K X-Ray Satellite Spectrum of Ca Excited by Photons
V. Radha Krishna Murty
Department of Engineering Physics
College of Engineering Andhra University
VISAKRAPATNAM 530 003, INDIA
K. Parthasaradhi
Department of Nuclear Physics Andhra University
VISAKHAPATNAM 530 003, INDIA
and
M.V.R. Murti, K. S. Rao
Centre for Studies in Resources Engineering
Indian Institute ofTechnology
BOMBAY 400 076, INDIA
o

The K X-ray satillite spectrum of Ca excited by photons is studied using a LiF (2d - 4.027 A)
plane crystal spectrometer. The satellite energies and their relative intensities are examined in the
h'ght of the theoretical data and experimental data available by electron and proton excitations. The
energies are found to be in general agreement with the available data. However, the iyLl/KL
intensity ratio is found to be in general agreement with that of electron excitation than that with
the proton excitation.

Measurement of Photoelectric Cross-Selections For X-Ray Photons at L x and L 1 1 1 Edges in Gd,
Dy & Pb: T/L Ratios at L x - Shell Binding Energy
Donepudi V.Rao
Department of Physics, Sir. CRR College, ELURU - 534 006, A. P. INDIA

Photoelectric cross-section measurements are carried out in the energy region 5 to 522 keV
around the Ledges by using indirect method. Due to the fine structure of the L absorption edge
this method is more reliable compared to the direct method because of the difficulties associated in
measuring fluorescent X-rays. Although the available theoretical values were tested extensively
very few attempts are made to estimate the cross-sections at and near the Lj and LJJJ edges. In
view of the scarcity of data on the individual shell cross-sections and the observed discrepancies
|

between theory and experiment as well as the availability of the recent theoretical calculations it is

|

considered worth while to undertake systematic investigations on the photon cross-sections around

é•? the L edges in order to get the information at Lj and Lj j j edges. In the present investigation total
photon cross-section measurements are performed in a modified good geometry arrangement in
the elements Gd, Dy and Pb in the energy region 5 to 522 keV using Argon and Krypton filled
proportional counters coupled to a ND-60 multichannel analyzer (2048 channels) since there is no
experimental data in literature for these elements except in lead. The data above and below the
edge energies for each element are fitted to log-log plots of the first or second degree polynomials
by the least square method using EC 1030 computer facility available at our campus. The plots
above and below the edge energy are extrapolated towards absorption edge giving the value of the
photoelectric cross-section at the edge energy. T/L ratios at Lj shell binding energy were obtained
by dividing the experimental photoelectric cross-section with the theoretical Lj shell cross-section.

Acknowledgements: The experimental part of this work was completed at the physics department of Indian
Institute of Technology, Kharagapur, 721302, India. I am grateful to Prof. John H. HubbeU of the
National Bureau of Standards, Washington and Sri V. Krishnaji Rao, Principal, Sir. C. R. R. College,
Eluru, A. P., India for their kind interest in this work.

Total Cross-Section and Effective Atomic Number of Various Materials for 52.4 keV X-Rays • A
Rapid Method
B. R. Kerur, H. A. Jahagirdar, B. Hanumaiah and S. R. Thontadarya
Department of Physics, Karnatak University,
Dharwad-580 003, INDIA

Following the conditions set recently by CREAGH and HUBBELL (Acta. Crysta. A43,102
1987) for determining the total cross- sections, /i/p of x-rays, we have determined fi/p for elements
Al, Ni, Cu, Ag, Sn and Pb at S2.4 keV adopting good geometry, using Nal (Tl) detector, selecting
only those pulses under photopeak of 52.4 keV x-rays.
It is demonstrated that the n/p values obtained from the slope in a plot of log(T) versus x in
the range of transmission (T) 0.5<T<0.3 for each element (Al:0.31, Ni:2.07, Cu:2.2, Ag:8.54,
Sn:8.89 and Pb:6.85 in units of cm2/gm), agree closely with those n/p values calculated directly from
the relation as /i/p=log(T)/x for each value of thickness Y of the absorber of that particular
element (AMUl, Ni:2.05, Cu:2.16, Ag:835, Sn:8.86 and Pb:6.5 in units of cm2/gm). Both these
values agree with theoretical values of HUBBELL (Int. J. Appl. Radiat. Isot. 33, 1268, 1982)
(Al:0336, Ni.2.12, Cu:2.23, Ag:833, Sn:9.05 and Pb:7.0 in cm2/gm). This clearly indicates that we
can obtain fl/p values rapidly from the relation /t/pslog (T)/x.
We have extended this rapid method of obtaining fi/p values at 52.4 keV to chemical
compounds such as NaO, KC1, KBr, BaTiOy taking only one sample from each compound but with
thickness x>x1/2. We found that for compounds consisting of low 'Z' elements (NaCl, KC1), the p/p
value (NaCl:0.36, KC1.0.53 cm2/gm) differs as much as 20% to 25%, whereas a good agreement is
obtained for compounds composed of high 'Z' elements (KBr, BaTiO3)(KBr:264, BaTiO3:637),
with the theoretical values calculated using 'mixture rule'. However, the effective atomic number,
*^ef f'» °f ^

t iese

^

compounds determined using log-log plot of (fl/p) Vs Z, agree fairly well

(within 10%) with those obtained using Hine's relation (Phys. Rev. 85, 725, 1952). This method
may be very useful where a variety of materials are used, say in industry, medicine etc

M-Sbell X-Ray Fluorescence Cross-Section Measurements for Some Elements With 72<Z<92 at
5.96 KeV
Surinder Singh, Devinder Mehta, Sudhir Kumar*, M. L. Garg, Nirmal Singh, P. C Mangai* and P.
N. Trehan
Department of Physics, Panjab University, Chandigarh-160014, INDIA
•Department of Biophysics, Panjab University, Chandigarh-160014, INDIA

A number of reports are available on K and L shell X-ray fluorescence cross-sections
measurements by photons. However, limited work has been done on M XRF cross-sections
measurements1- using incident photons. Keeping this in view, M XRF cross sections have been
measured for Hf, Ta, W. Ir, Pt, Au, TI, Pb, Bi, Th and U at 5.96 keV photon energy, for the first
time with the exception of Au, Pb, Th and U \
The annular source exiter system ( F e 5 5 exiter) and a Si(Li) detector (FWHM 170 eV at 5.96
keV), have been used for these measurements. The targets used are thin metallic foils of thickness
<250 Jtg/cm2 evaporated on 63 /un mylar backing.
The present measured results are in good agreement with the earlier measurements1 for Au,
| Pb, and U, but in case of Th our results are higher. Experimental M XRF cross-sections have also
if been compared with the theoretical estimates calculated by using the formulation of Gowda et aL2
• j A general agreement is obtained between the experimental and the theoretical values of M XRF
$ cross-sections for Pb, Bi, and Th. However, the sharp deviation of the measured M XRF cross\ sections for Z£79 elements from the theoretical results, is noticed. Also this result is found to be
f| similar to that obtained in case of proton induced M XRF cross-sections.3
<•
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Measurements of Incoherent Scattering Cross Section of Gamma Photons by K-Shell Electrons of
Heavy Atoms
N. C Paul, Sukanta Mahavidyalaya, P. O. Dhupguri, Dist. Jalpaiguri (W.B.) 735 210 - INDIA

Measurements have been done by a coincidence setup at a resolution time of 30ns coupled to
ND 1100 Multichannel analyzer, to study the incoherent scattering of 662 key gamma photons off
K-shell electrons of heavy atoms (Z=50, 79, 82) in the large angle region (50° - 150°). The
experimental results compared to free electron scattering will be presented to indicate the nature
of innershell photon interaction in high-Z atoms. Our experimental data, evaluated in terms of
available theory on innershell photon scattering indicate the inadequacy of the calculation on Kshell inelastic scattering.

Determination of K-Electron Capture Probabilities By Using Sum Peaks in Ge Spectra
K. Singh, T. S. Gill, Kulwant Singh and H. S. Sahota
Dept. of Physics, Guru Nanak Dev University, Amritsar-143005 (INDIA)

In this paper we present an analysis of KX-ray-gamma-ray sum peaks observed with
a high resolution intrinsic Ge detector. There are several methods from which the Kcapture probabilities P^ to a level can be deduced. One group of methods yields ratios of
capture probabilities from different shells. Some methods pertain to the situations in which
the L and MX-ray or Auger electron peaks cannot be resolved. There are yet other
methods in which the product P j ^ is determined (w^ is K-shell fluorescence yield). In the
present work we have applied summing technique to determine P ^ values to 472 and 379
keV levels in the decay of 1 6 9 Y b . In this method the KX-rays emitted following K-capture
or K-conversion of gamma-rays will be in coincidence with any subsequent gamma-rays. In
addition to photopeaks, the spectrum also contains K-X-ray-gamma-ray sum peaks as a
result of coincidence. From an analysis of the area of the sum peak, K-capture probabilities
can be calculated.

The Spectrum Measurement of Incoherent Scattering of Photons
by K-shell Electrons of Heavy Atoms

N. C. Paul, S. C. Das and N. Chaudhuri
Department of Physics, North Bengal University,
Rajarammohunpur, Dist. Darjeeling 734430, INDIA

Measurements have been done by a coincidence setup at a resolution time of 30 ns coupled
to ND 1100 multichannel analyser, to study the incoherent scattering of 662 keV gamma photons
off K-shell electrons of heavy atoms (Z=50, 79 and 82). The spectral shapes along with the
associated results will be presented to indicate the nature of the inner-shell photon interaction in
heavy atoms. Our experimental data, evaluated in terms of available theory on innershell photon
scattering, indicate the inadequacy of the calculation on

K-shell inelastic scattering.

Inelastic Scattering of Photons By Bound Atomic Electrons

N. C. Paul, S. C. Das, D. K. Basak and N. Chaudhuri
Department of Physics, North Bengal University,
Darjeeling, India, Pin 734430

Some spectral results of inelastic scattering of 145, 662 and 1115 keV photons by aluminium
(Z=13) tin (Z=50), Gold (Z=79) and Lead (Z=82) scatterer at scattering angles 135° and 165°,
are presented and evaluated using recent impulse (IA) calculations of Ribberfors (1975). This
evaluation reveals the region of application of I A for high momentum transfer in the inelastic
photon scattering process and demonstrates the trend of behaviour of energy and angle dependent
differential cross section as a function of scattered photon energy.
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Experimental Studies on Coherent Scattering of 5934 keV Gamma Rays
K. Siddappa, N. Govinda Nayak, K. M. Balakrishna, Shivaramu* and N. Lingappa
Department of Studies in Physics, Mangalore University
Mangalagangothri - 574 199, Mangalore, INDIA
•Safety Research Laboratory, IGCAR, Kalpakkam - 603 102, INDIA
Systematic experimental studies on coherent scattering of low energy gamma rays are needed
to throw light on various theoretical formalisms and to obtain definite inferences on dispersion
effects near K-edges. In the present investigations accurate experimental data has been obtained
for the differential cross sections for coherent scattering of 59.54 keV gamma rays from 16
elements Cu, Mo, Ag, Cd, Sn, Pr, Sm, Gd, Dy, Ho, Yb, Ta> W, Pb, Th and U covering the range
29<Z<92. Experiments were performed at 90°C scattering angle employing reflection geometry. A
20 mCi241Am source was used to provide 59.54 keV gamma rays. High purity thin elemental foils of
uniform thickness were used as scatterers. An effective graded shielding arrangement was
employed to reduce the back ground due to multiple scattering effects. A 2 cc HpGe detector
coupled to a 4K analyser was used to detect and record the coherently scattered gamma photon
spectra. The data was carefully analysed and the differential cross sections for coherent scattering
were obtained. The experimental results were compared with available experimental values in
literature and also with theoretical cross sections computed following numerical calculations
method. From the measured differential cross sections form factors were extracted and compared
with the predictions of form factor theories. The analysis shows clear evidences for dispersion
effects near K-edges.
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Beta Induced Thick Target Bremsstrahlung
K. Gopala, P. Venkataramaiah and H. Sanjeeviah
Department of Studies in Physics,
University of Mysore, Manasagangotri,
Mysore 570 006, INDIA
Experiments on the production of External Bremsstrahlung (EB), in thick targets of different
materials by & - particles of different end point energies have been conducted and the results have
been compared with the four available theories.1*°
It has been noticed that the experimental results are closer to Elwert corrected Bethe-Heitler
cross sections for low end point energy sources ( 1 4 7 P m , 225 keV and 9 9 Tc, 292 keV) and are
close to Tseng and Pratt cross sections for high end point energy sources ( 1 4 7 Tm, 882, 967 keV
and 9 9 Sr - 9 0 Y , 543, 2274 keV). However, in all the cases the experimental values of number of
photons per MeV per beta particle were found to deviate positively from theory after the photon
energy k-50% of E j n a x . This might be attributed to the fact that calculation of thick target EB
spectra assume isotropic production of bremsstrahlung, because in a thick target multiple collisions
of fi - particles may be expected to smear out the angular dependence of EB, but single radiative
collisions of electrons in which all the energy is lost as bremsstrahlung still retain angular
dependence.
A critical survey of the different experimental methods for the study of thick target EB
spectra, the results achieved, the limitations involved and the possible future projections on the
experimental methods are discussed. Further the validity of Evans formula for the production of
total bremsstrahlung intensity is also presented4.
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Inelastic Scattering of Gamma Rays From K-Shell Electrons of Tantalum
B. S. Ghumman, Bhajan Singh and Gurdeep Singh
Physics Department, Punjabi University, Patiala -147002, INDIA
The study of inelastic scattering of gamma rays from inner shell electrons is essential to
understand

the phenomena

of

electron momentum distribution

in the atom and

attenuation/absorption of low energy radiations in matter. For low energy photons inelastic
scattering deviates considerably from Klein-Nishina cross-sections. Whittingham/1/has recently
carried out relativistic calculations using second order S-matrix elements for electron-photon
interaction in the Furry picture. He observed a non-zero cross-section for zero scattering angle and
a shift in the energy spectrum maximum from Compton energy towards higher photon energy.
Several measurements /2-4/ are available but these are often in disagreement with each other and
various theories. In the present experiment we have measured the energy and angular distribution
of inelastically scattered gamma rays from K-shell electrons of tantalum for 662 keV and 279 keV
gamma rays. Two Nal (Tl) scintillation detectors working in coincidence are used to detect the
scattered photons in coincidence with the fluorescent K-x rays. Targets of various thicknesses
ranging from 10 mg/cm2 to 50 mg/cm2 are used. Experimental results for angular distribution of
inelastically scattered gamma rays from K-shell electrons of tantalum at both energies are
compared with theoretical calculations and available experimental data. Measured spectra of
inelastically scattered gamma rays show a broadened peak but this broadening is much smaller than
that predicted by various theories /1,5,6/. For some scattering angles a shift in the inelastically
scattered peak towards high energy side has been observed and this is in agreement with
calculations of Whittingham / I / and Pradoux et. al /!/.
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* Energy Dependence of the Total Cross Section for Negaton-Positon Pair Creation by Gamma
Quanta in Liquid Xenon, Measured in Bubble Chambers
Z. Strugalski, M. Alrohiah, K. Miller, T. Pawlak, M. Peryt, W. Peryt, J. Pluta, A. Tunia
Institute of Physics, Warsaw Technical University, uL Koszykowa 75, PL 00-662 Warsaw POLAND
The total cross section for the negaton-positon pair creation process initiated by gamma
quanta with energies from about 15 MeV up to about 2500 MeV has been measured in liquid
xenon using the 26 litre bubble chamber of the Joint Institute for Nuclear Research in Dubna and
the 180 litre bubble chamber of the Institute of Theoretical and Experimental Physics in Moscow.
Gamma quanta were from decays of the neutral pions generated in collisions of charged
pions with xenon nuclei The energies of the quanta were determined by means of the total-tracklength of electrons in the gamma-quanta-initiated showers, with an accuracy of about 10%.
The method of the cross section measurement is described in our former works 1 ' 2 . By this
method, about 25.000 gamma quanta were taken for the measurement - in scanning of over 300.000
chamber photographs; the scanning was at the same time for the nuclear reactions registered in the
chambers. Below, results of the measurements are shown, additional analysis of the results is in
progress.
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Thermal Neutron Capture Cross Section of Chromium,
Vanadium/Titanium and Nickel Isotopes
Luzia Venturini and Brigitte R. S. Pecequilo
IPEN-CNEN/SP
Divisão de Monitoração Ambiental
Caixa Postal 11049 - Pinheiros • 05499 • São Paulo - Brazil
The thermal neutron cross section for chromium, vanadium, titanium and nickel can be
determined by measuring the pair spectrum of prompt gamma rays emitted when targets of these
elements are irradiated by a thermal neutron beam. Such measurements were carried out by
irradiating the natural elements mixed with a nitrogen standard (melamine) in the tangential beam
hole of the IEA-R1 research reactor. The pair spectrometer efficiency calibration curve in the 1.5
to 11 MeV energy range was performed with a melamine plus ammonium chloride mixed target.
The cross section was calculated for the most prominent gamma transitions of each isotope, using
nitrogen as standard, and averaged over the obtained values. The resulting mean cross sections are
as follows: (4.41 ± .08)b for MNi, (2.54 ± .07)b for "Ni, (15.2 ± .5)b for «Ni, (1.6 ± .l)b for wNi,
(4.9 ± .2)b for 51V, (13.4 ± .7)b for MCr, (.79 ± .02)b for "Cr, (18.1 ± .7)b for "Cr and (8.4 ± .l)b for

kò
Fast Neutron Radiative Capture Cross-Section of Fission Product Nd-150
M. Afeal Ansari, R. K. Y. Singh, R. P. Gautam, I. A. Rizvi
Department of Physics
Aligarh Muslim University, Aligarh - 202001
INDIA
S. Kailas
Nuclear Physics Division
Bhabha Atomic Research Centre, Bombay-400085, INDIA
The knowledge of fast neutron capture cross-sections of the fission products is important in
the design of fission reactors. Neodymium isotope Nd-150 is one of the fission product and hence
its neutron absorption cross-section should be know precisely. In the present work neutron
radiative capture cross-sections for Nd-150 have been measured using enriched Nd-150 (94.0%)
isotope at ten neutron energies, between 0.46 MeV and 3.04 MeV. The comparative activation
technique has been employed and neutrons are produced by H-3 (p,n) He-3 and Li-7 (p,n) Be-7
reactions. The experiment was performed using 5.5 MV Van-der-Graaff accelerator at Bhabha
Atomic Research Centre, Bombay.The sample under investigation was placed between the two
standard samples of potassium iodide of similar size and was irradiated simultaneously by wrapping
tnem in a cadmium foil to check any contribution from thermal and low energy neutrons.
Irradiation was perfomed in the zero degree forward beam direction to get the least angular spread
in proton beam energy. The product nucleus was identified by its characteristic - rays and its
abundance using a 100 cm 3 ORTEC Ge (Li) spectrometer. The two intense 7-rays of 117 keV and
256 keV were considered for the present measurement.
The spread in the neutron energy was estimated by taking into account the angular spread of
proton energy and the proton energy degradation in tritium and lithium targets. The neutron flux
at the place of irradiation was of the order of 107 neutrons cm"*2 s" 1 . The uncertainties involved
in systematic errors. Measured values are compared with the earlier reported values. The
experimental values are also of H-F statistical model which also takes care of cascade capture and
direct capture.

•Photon Cross-Sections in Elements and Biological Phantom Materials in the Energy Range 8-60
KeV
Radha Krishna Murthy C, Nageshwar Rao A. S. and Krishna Rao G.
Physics Department, Kakatiya University,
Warangal - 506 009, INDIA
Accurate data on X-/f-ray attenuation coefficients is important in diverse fields such as
medicine, industry, agriculture, etc. Extensive calculations and compilations have been made for
photon energies 1 keV to 100 MeV range. Differences exist between these compilations. These
discrepancies have recently been examined (1-2) and pointed out that they are of the order of 5 to
10% in the neighbourhood of 10 keV and below, rising to as much as 30% near absorption edge.
These discrepancies are suspected as due to uncertainty in our knowledge of total and partial cross
sections for interaction of photons with matter as a function of elemental atomic number and
photon energy.
This has prompted our group to take up a systematic work in which experimental mass
attenuation coefficients were evaluated in elements and multi-element materials. The results of our
measurements in the energy range 30-660 keV have been reported earlier (3).
The present reported describes the determination of attenuation coefficients at photon
energies 8-60 keV in elements ranging from Z=6 to 56 and few stimulated samples of biological
interest. The measurements have been made using Argon filled proportional counter and a thin
Nal (Tl) detector. The results obtained have been compared with theoretical values.
References
1. Hubbell J. H. Review of current tabulations - Asilomar Conf, Centre, April 1984, and ANS Tansactions, 50,
153(1985).
2. D. C. Creagh and J. H. Hubbell - Acta Cryst. (1987) A43,101
3. A. S. Nageswar Rao et ai, Physica, 124C, 96 (1984).

Absolute Measurement of m In Capture Cross Section at 144 and 565 keV
Ma Hongchang, Lu Hanlin, Rong Chaofan, Zhao Wenrong
Ren Peoxue Yang Xiaoyan
(Institute of Atomic Energy, P. O. Box 275, Beijing)
The cross section of

115

In (n,r)

116m

In reaction are measured at 144 keV and 565 keV

neutron energy by activation technique. The neutron fluence is measured by using H2 and CH4
filled proportional counter. A 4JT0 counter is used to determine the activities of

116m

In. The

efficiency of the 0 detector is determined by 4JT/J-V coincidence techniques. A Monte-Carlo program
is used to calculate the effect for neutron scattering from target, sample and holder. The room-wall
scattered neutron contribution was measured by the method of inverse square of distance. The
effect of 115mIn at 565 keV is easily measured by counting the indium foils after 116mIn had decayed
away. The results and uncertainty is a = 237.5 ± 8.6 (mb) for En = 144 keV and a = 167.5 ± 5.8 mb
(565 keV). Comparing with other labs, the agreement is good at 144 keV, but there is some
discrepancy at 565 keV. It is similar for the results of international comparison of neutron fluence
rate.

MG
Small-Angle Coherent Gamma-Ray Scattering at 662 keV for Pb and Sn
Bradley D. A., Chong C. S., A. A. Tajuddin, A. Shukri & Ghose A. M.*
School of Physics, Universiti Sains Malaysia
11800 USM PULAU PINANG Malaysia
Discrepancies between theory and experiment have been reported in the small momentumtransfer region x < 10 A

(1-3). In the present experiment an investigation has been made of the

performance of each of the primary components of an annular target set-up, arranged for 662 keV
photon scattering at angles in the range 5 ° to 15°. The conventional double-cone primary-beam
stop is found to significantly degrade the full-energy peak-to-valley ratio compared to that obtained
with a parallel-sided arrangement. Assymetry is found in the radiation field at the position of the
scattering plane and also in the response of the detector to an auxiliary point source radially
distributed over the same scattering plane. Appropriate experimental procedures and corrections
have been adopted in obtaining differential cross-sections of reduced uncertainty.
A reanalysis of an earlier set of experimentally determined differential cross-sections1 has
been produced.
References
1. Bradley D. A. & Ghose A. M., Phys. Rev. A33 (1966), 191-204.
2. Bradley D. A. &. Ghose A. M.,Nud. Instr. & Meth. in Phys. Res. A255 (1987), 59-65.
3. Kane P. P., Kissel L., Pratt R.H. & Roy S. C. Phys. Rep. 140 (1986), 75-159.
* Visiting Scientist

Radiative Orbital Electron Capture in

*
B. R. S. Babu
Department of Physics, University of Calicut
Calicut University P. O., 673635, INDIA
and
P. Venkataramaiah and H. Sanjeeviah
Department of Physics, University of Mysore,
Mysore, 570006, INDIA
Inner Bremsstrahlung accompanying the allowed electron capture decay of 12SI was measured
using a 4.5x5.1 cm2 Nal (Tl) crystal scintillation detector. The raw experimental spectrum was
unfolded using the step-by-step process of Liden and Starfelt and compared with the theoretical
distributions obtained using Glauber and Martin and Intemann theories. A X2 analysis was carried
out to determine the best fitting theoretical spectrum by varying the lS-end point energy (qis)> The
IS end-point energy was deduced as (112.0 ± 2.0). The IB emission below 65 keV is predominantly
due to 2p-capture.

Radioactivity: 125 I; IB; E.C. decay.

f

Study of the Prompt Gamma Rays Emitted by Fission Fragments

L.S. El-Mekkawi and R. M. A. Maayouf
Nuclear Research Center, Atomic Energy Authority, Egypt

The present work deals with experimental measurements, carried out using a neutron beam
emitted from one of the ET-RR-1 reactor horizontal channels. The measurements are concerned
with the prompt gamma rays, due to the 23SU (n, f) reaction, in the energy band from 1.2-1.3 MeV.
The experimental measurements were, after accounting for the background, corrected for the
Doppler effect.
The present measurements yielded a value 0.17 for the anisotropy of the prompt gamma
rays. This value is in good agreement with other values, published before and measured for
different energy bands. This makes a strong evidence about the energy independence of the
anisotropy, and consequently the identity of the gamma spectra, measured at 180° and 90° to the
fission direction. The present value of the anisotropy corresponds to an average value of the
fragment angular momentum < J> = 13 units.

II. RADIATION SOURCES AND DETECTORS
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Utilization of Intense Neutron Generators
in Science and Technology

G.J.Csikai
Institute of Experimental Physics, Kossuth
University, Debrecen 4001, Pf. 105, Hungary

This review outlines the present state of intense neutron generators (with an emphasis on DT sources) and their use in basic research and technology. The following topics are discussed:
output characteristics of low voltage, high current neutron sources including .he main parameters
of the pulsed generators in microsecond and nanosecond regions; fundamental nuclear research
and neutron data measurements (present status of differential and integral cross sections, as well
as the energy and angular distributions of emitted particles, fission by fast neutrons, reaction
product decay data, systematics in the data, summary of fast neutron data requirements, model
calculations); miscellaneous applications of neutron generators (the main fields of activation and
prompt radiation analysis, well-logging and bulk media assay, reactor physics, irradiation effects in
solids, neutron dosimetry and therapy, unfolding the neutron spectra in different media).

X-Ray Microscopy with Synchrotron Light Sources*
K. W. Jones, M. L. Rivers, and B. M. Gordon
Brookhaven National Laboratory, Upton, New York 11973, U.S A.

Current generation synchrotron light sources provide X-ray beams of high-brilliance over a
wide band of energies. The intensities of these beams will be further enhanced when new storage
rings and insertion devices come into operation. The intensity of X-ray beams produced by the
synchrotron source has presented great opportunities for the development and application of
several different types of X-ray microscopy. In the soft X-ray region the emphasis has been on the
production of high-resolution images often based on density differences in the sample as a contrast
mechanism. Measurements can also be made of elemental distributions by measuring and
subtracting intensities above and below an absorption edge. At higher energies measurements can
be made by detection of

characteristic X-rays emitted following K- or L-shell ionization.

Measurements of this type can give multielement detection sensitivity with excellent sensitivity, but,
thus far, with larger spatial resolutions than are obtained at the lower energies. Microcomputed
tomography can also be done using either the fluorescent or transmission detection modes. A
review of these topics will be given to summarize the current state of these fields and to assess the
possible magnitude of future improvements. Selected applications of these techniques to several
t

fields will be presented to illustrate the power of the X-ray microscopy approach.

•Work supported by Processes and Techniques Branch, Division of Chemical Sciences, Office of Basic Energy
Sciences, US Department of Energy, under Contract No. DE-AC02-76CH00016.

Recent Developments in Detector Research
F. Probst, H. Kraus, Th. Peterreins, F. v. Feilitzsch
Physik-Department, Technische Universitãt München,
D-8046 Garching, Germany

Recently developed methods of cryogenic particle detection and potential
applications will be discussed. The main part of the talk focuses on our experimental results
on two different approaches of detecting nuclear radiation with superconducting tunnel
junctions. The best energy resolution is obtained when the junction itself serves as
absorber. Using Sn/SnOx/Sn tunnel junctions we obtained an energy resolution of 88 eV
for 6 Kev X-rays up to now. The processes limiting the resolution of the present devices
will be discussed. Larger absorber masses and position resolution are realized by an
entirely new type of particle detector based on the detection of ballistic phonons which are
generated by the absorption of radiation within a single crystalline absorber of dielectric
material. We report on experimental tests of a ballistic phonon detector composed of a
Silicon single crystal (size: 10 x 20 x 3 mm3) and of an array of superconducting Al-I-Al
tunnel junctions evaporated onto the surface of the crystal serving as phonon detectors.
Pulse height analysis and the investigation of time differences between pulse onsets in
different junctions are shown to yield information about the absorption point of a-particles.
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O.Sala ,
Department of Nudear Physics, U.S.P.

In this review we will present, from an historical point of view, the rate of progress in
electrostatic generators, and their advantages and limitations as instruments for nuclear research.
We will discuss the most recent developments of these accelerators and their role as injectors of
post-accelerators as well as their utilization in applied nuclear physics.

CONTRIBUTED PAPERS
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EURAO A Concept for a European Accelerator Neutron Source
W. Kley, G. R. Bishop and A. Sinha*
Directorate General for Science,Research and Development
Joint Research Centre - Ispra Establishment, 21020 Ispra (Va) • Italy
*Guest Scientist at JRC-Ispra from BHABHA - Atomic Research Centre
Trombay, Bombay • INDIA
A D-T fusion cycle produces five times more neutrons per unit of energy released
than a fission cycle, with about twice the damage energy and the capability to produce ten
times more hydrogen, helium and transmutation products than fission neutrons. They
determine, together with other parameters, the lifetime of the construction materials for
the low plasma-density fusion reactors (Tokamak, Tandem-Mirror, etc.) which require a
first wall. For the economic feasibility of fusion power reactors the first wall and blanket
materials must withstand a dose approaching 300 to 400 dpa. Arguments are presented
that demonstrate that today's simulation techniques using existing fission reactors and
charged particle beams are excellent tools to study the underlying basic physical
phenomena of the evolving damage structures but are not sufficient to provide a valid
technological data base for the design of economic fusion power reactors. Therefore, the
construction of an intense high energy neutron source is mandatory for the development
and adequate testing of Prime Candidate Alloys (PCA). The Joint Research Centre (JRC)
has conducted studies on the feasibility of spallation neutrons to simulate the Tokamak
fusion reactor first wall conditions. It can be shown that spallation neutrons,produced by
600 MeV protons impinging on a thin lead target are simulating the fusion reactor first wall
conditions as well as, or even better than neutron sources based on the D-Li stripping or
D-T fusion reaction. Comparing an optimized spallation neutron source of equal beam
power with a D-Li neutron source, we find the following Figure of Merit:
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reflecting the fact that the proton beam generates about 100 times more neutrons than the
deuteron beam.

57Measurement of the Neutron-Spectrum in the
IEA-R1 Research Reactor
Ulysses D. Bitelli and Jose R. Maiorino
Divisão de Física de Reatores
Instituto de Pesquisas Energéticas e Nucleares
Comissão Nacional de Energia Nuclear
São Paulo - SP
The neutron energy spectrum in fuel element of the IEA-R1 research reactor were
obtained through the unfolding multi-foil activation method.
The foils selected covered the neutron energy range from 0,008-eV to 13,3 MeV for
90% saturation activity. The nuclear reactions used are: 197Au(n,7) 198Au, 232Th(n,7) ^"Th,
-r) "Co, MFe(n,7) ^Fe,

115

In(n,n')

115m

In, 47Ti(n,p) 47Sc, "FeCn.p) MMn, 24Mg(n,p)

The foils were irradiated in the Fuel Element 94 from the core configuration number
155 with the reactor power at 4,5 KW. After irradiation, the foil activities were measured
using a High Purity Germanium Detector (HPGe). The saturation activity per target
nucleus was unfolded in energy spectrum through the SAND-II code. The initial guess
spectrum required by SAND-II code was estimated with the HAMMER-TECHNION
code, which solves the integral transport equation in a representative cell of the reactor.
The main characteristics of the obtained spectrum, are: i) Neutron Effective
Temperature is 328 K; ii) Energy junction between thermal and epithermal spectrum is 0,3
eV; iii) The most probable thermal energy is 0,028 eV and iv) The mos^ probable fast
energy is 0,69 MeV. Finally, the obtained spectrum can be used in radiation damage
analysis and other applications.

si
Neutron Energy Spectrum Measurements of Neutrons Sources
With NE-213 Spectrometer
Paulo R. P. Coelho, Aucyone A. da Silva e Jose R. Maiorino
Divisão de Fisica de Reatores
Instituto de Pesquisas Energéticas e Nucleares
Comissão Nacional de Energia Nuclear
São Paulo • SP
The neutron energy spectrum of the following sources: Cf-252, Am-Be and T(d,n)
4
He from a Vander GRAAFF accelerator (400 KeV) were measured using a fast neutron
spectrometer with NE-213 liquid scintillator.
The spectrometer consist of a NE-213 scintillator (2* Diameter x 1 1/2" High) with
an associated electronic for pulse shape discrimination method to resolve neutron and
gamma-ray pulse-height data. The measured pulse height spectrum of recoil protons, from
neutron interactions with scintillator material, was unfolded using the FANTT code to
obtain the neutron energy spectrum. The spectrometer gives neutron spectrum in the range
of 2 MeV to 16 MeV, with 6% intrinsic efficiency and a resolution between 11 and 4%.
The 2S2Cf neutron energy spectrum was measured and the results obtained show
good agreement with the spectrum usually published in the literature, which can be fitted
by the expression: N(E) • JE. EXP (-E/T) with the constant T«l,42 MeV. The neutron
energy spectrum of Am-Be and T-D neutron sources also are presented in this work.
The fast neutron spectrometer has been utilized in shielding benchmark experiments,
as well as in characterization of reactor sources. Finally, the spectra obtained can be usefull
for application in radiation dosimetry, since the biological damage is function of neutron
energy.

Optimisation of the Time or Flight Geometry
For Fast Neutrons
A. M. Ghose*
Department of Physics and Astronomy, University of Pittsburgh
Pittsburgh, Pennsylvania 15260 U.SJV

It is usually assumed that the conventional ring geometry is the optimum geometry
for time of flight measurements. It has been shown in this paper that this is generally
erroneous and the surface of revolution geometry is often superior to ring geometry. A
geometrical method has been developed to estimate the spread in the time of flight
spectrum due to the different scatterer shapes and sizes. Assuming a paraxiality spread
from 2° to 8°, the shape of the time of flight spectrum due to monoenergetic neutrons in
the 14 MeV range for elastic and inelastic neutrons of various energies has been calculated.
Elastic scattering from hydrogenous converters has been considered in order to discuss the
energy spread of secondary "monoenergetic" neutrons in the 8 to 13 MeV range.

* Visiting Sdeatist, Chiang Mai University.

A Neutron-Gamma Spectrometer and Methods for Unfolding
Recoil Proton and Electron Spectra

^

T. S. Akki, S. A. Benayad and R. M. Megahid
Radiation Shielding Division, Department of Physics
Tajura Nuclear Research Center, Tripoli, Libya

A scintillation spectrometer with NE-213 liquid organic scintillator was installed and
calibrated for Investigation of reactor materials. A 5010 pulse shape discriminator was used to
distinguish protons from electron pulses. The operating principle of this pulse shape discriminator
is based on the comparison of two weighted time integrals of the detector signal. The detection
efficiency and shape correction factors of the NE-213 scintillator were calculated. The obtained
values were used to derive the spectrum conversion functions which were used for conversion of
the measured pulse amplitude distribution to neutron or gamma spectra.
The computer codes which are usedtounfold the measured recoil proton and electron are
based on a differentiation method. In case of the gamma unfolding code a correction was made to
the energy distribution by using a numerical triangular matrix.
The validity of measuring and unfolding techniques was checked by measuring the spectra of
neutrons and gamma-rays from a Pu- -Be neutron source. In addition, the fast neutron cross
sections derived from the transmitted spectra of reactor neutrons from steel and aluminium filters
were compared with the corresponding values given by others.

EFFECT OF ALBEDO NEUTRONS ON THE DISTRIBUTION OF THERMAL AND
EPITHERMAL NEUTRONS IN TVVO LAYER-SHIELD
U.M El-Ghawi, SA. El-Dabbar and R.M. Mcgahid
Shielding Laboratory, Tajura Nuclear Research Center
Tripoli, Libya

WITHDRAWN

Evaluation of Neutron Thermalizatlon Parameters and
Benchmark Reactor Calculations Using a Synthetic Scattering
Function for Molecular Gases
V. H-Gillette, N. E. Patino, J. R. Granada and R. E. Mayer
Centro Atômico Bariloche and Instituto Balseiro
Comision Nacional de Energia Atômica and
Universidad Nacional de Cuyo
8400: Bariloche-Argentina

Using a synthetic incoherent scattering function, which describes the interaction of neutrons
with molecular gases, we provide analytical expressions for zero and first order scattering kernels,
SO (E O, E), and SI (E O, E), and total cross section, S O (EO). Based on these quantities we
perform calculations of

thermalization parameters and transport coefficients, as well as

benchmark reactor calculations, for systems under different conditions containing H 20 or D 20.
We compare our results with those based on other theories, as well as experimental information.

The Application of Low Pressure Proportional Counters
to the Study of Low Energy X-Ray Dosimetry

Q ^>

A.J.Waker,M.T.Eivazi
Dept. Medical Physics, University of Leeds
The General Infirmary
LEEDS LSI 3EX, U.K.

The largest man-made contribution to the exposure of the general public to ionizing
radiations comes from the use of diagnostic X-rays in medicine and even after a near one
hundred years of use considerable effort is still required for improving methods of X-ray
dosimetry in the energy range 10-120 kVp. Low pressure proportional counters provide a
method by which absorbed dose can be determined by measuring the individual energy
deposition events of secondary electrons produced by the interaction of X-rays.
Furthermore, microdosimetric analysis of the single-event spectrum recorded during
the absorbed dose measurement provides important information on the nature of the
radiation field. Using specially designed and constructed proportional counters
measurements have been carried out in various X-ray fields using different combinations
of counter wall material and counter gas. The gas pressure has been varied enabling
measurements to be made with gas cavities simulating unit density microscopic volumes of
0.5 to 10/Jm diameter. Evaluation of the microdosimetric data obtained yielded the
absorbed dose, information regarding the primary X-ray spectrum and an experimental
means of assessing the applicability of cavity theory to low energy X-ray dosimetry.

Position-Sensitive Proportional Counter of
Charge-Division Type and Its Application
to Crystal Spectrometer for Soft X-Rays
R. Katano, S. Ito, S. Kishimoto and Y. Isozumi
Radioisotope Research Center and Institute for
Chemical Research Kyoto University,
Kyoto, JAPAN
A position-sensitive proportional counter (PSPC) of charge-division type has been applied to
the high-resolution crystal X-ray spectrometer. The resistive anode is a nichrome wire of 100 mm
in length and 10 fim indiameter(10 (I/mm). The sensitive volume of the counter is 10 mm (thickness)
X 100X20 mm2 (window area). The counter gas is Ar+30%CH4 with a pressure of 1 atm. The
intrinsic position resolution is~0.4 mm.
A plane crystal spectrometer has been designed for the study of low-energy X-rays (1—10
keV) emitted from radioactive sources. The PSPC is used for the detection of X-rays diffracted by a
plane crystal. Anti-coincidence counter mounted at the rear of PSPC is used to reduce background
counts caused by high-energy radiations. The energy resolution of 11.210.5 eV (FWHM) for 5898.8
eV Mn Ka, line has been obtained with the aid of a simple device for the source arrangement.

Mn KcXRAYS PROM^Ft

CHANNEL NUMBER

Helium-Filled Proportional Counter for

L

Cryogenic Resonance Electron Mossbauer Speetroscopy
t

Y. Isozumi, T. Fujii and R. Katano
Radioisotope Research Center and Institute for Chemical Research
Kyoto University, Kyoto, JAPAN
As studied by our previous works [1,2], a proportional counter filled with pure
helium gas works well at low temperatures near 4.2K, but with rather low gas gain (at most
200). The favorable operation at low temperatures is not only due to the absence of
impurity in helium gas but also to the suppression of electron emission from the cathode.
The helium-filled counter provides us with a new methods to detect nuclear radiations at
very low temperatures. A typical application of this counter is the resonance-electron
Mossbauer spectroscopy (REMS). Some examples of REMS data obtained by our counter
are given.
References
1. Y. Isozumi, S. Kishimoto, R. Katano and H. Takekoshi, Rev. Sci. Instrum. 58 (1987) 293.
2. S. Kishimoto, Y. Isozumi, R. Katano and H. Takekoshi, Nud. Instrum. Methods A262 (1987) 413.
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Novel Techniques for Designing Gas Proportional
Scintillation Counters for X-Ray Spectrometry
Joaquim M.F.. dos Santos, Teresa H.V.T. Dias,
Santiago DA. Reyes Cortes and GA.N. Conde
Physics Department, University of Coimbra
P-3000 Coimbra, Portugal
The good energy resolution of gas proportional scintillation counters (a factor of -2
better than that of standard proportional counters) is well established but the high cost of
the techniques used (expensive ceramics, large area VUV windows and photomultipliers, 5
to 10 kV power supplies, etc.) has almost limited their applications to space and high
energy physics instrumentation, leaving aside the very important field of X-ray
fluorescence analysis. In the present work we describe low cost, good performance, gas
proportional scintillation counters and their designing techniques. The body of these
detectors consists of a xenon filled (1200 mbar) cylindrical gas cell 15cm diam. and 17cm
long having a Tdiam. centred radiation window made of 50/tm thick aluminized Kapton.
The gas is continuously purified with calcium heated at 400 C. A D645 EMI, 4 dynode,
photomultiplier with flying leads was placed wholly inside the gas cell, eliminating the need
for a VUV window. Using vacuum evaporation techniques a chromium grid was deposited
onto the photomultiplier window. A second stainless steel grid was placed lem away. The
bottom of the cylindrical detector cell was closed with a low cost glazed ceramic disc with
holes, through which the photomultiplier leads and the low voltage grid lead were epoxied.
The photomultiplier photocathode and the high voltage grid were polarized with the same
supply (3kV) and the low voltage with 500 V. The 5cm thick drift volume allows detection
of X-rays up to 14 keV with better than 90% efficiency. The energy resolutions obtained
for 5.9 keV X-rays varied from 8.2% for 2 mm diam. coliimation to 8.9% for 4 mm
collimation. This room temperature detector can be used as the basis for a low cost high
resolution X-ray fluorescence analysis laboratory system. Typical X-ray fluorescence
spectra are presented showing lines with a resolution not possible with standard
proportional counters.

Plastic Sclntlllator Detector Used as Water Radiation
Monitor In a Swünmlng-Pool Research 2MW Reactor.
Correlation Analysis Between Detector Results and
Personal Dosimetry
Carlos Henrique de Mesquita, Tufic Madi Filho and
Margarida Mizue Hamada
Instituto de Pesquisas Energéticas e Nucleares
IPEN-CNEN, Sao Paulo • Brazil
Plastic scintillator is a good solution in order to be used as a radiation detector when the
water is the radioisotopic medium. It can detect easily alpha, beta and gamma radiation provided
from a water source. According to these assertives a multi radiation detector was designed in order
to be used as a monitor. The device was installed in the Brazilian swimming-pool research reactor
working at a 2 MW power. The plastic scintillator probe (0*2", h-4") was coupled to a bialkaline
phototube and packaged in a dark reservoir shielded with 3 cm thick lead. The water flow in the
reservoir was maintained with a water pump. The internal dosimetry of the reactor operator staff
was evaluated from whole-body measurements. The external dosimetry was determined from
personal photographic dosimeters.

^Identification oi Charged Particles by Signal Risetime
In Silicon Surface Barrier Detectors
J. B. A. England
Department of Physics, University of Birmingham,
P.O.Box 363, Birmingham
B15 2TT, United Kingdom

The risetime of the signal generated in a silicon surface barrier detector following the
interaction of a charged particle has three main components.
These three components are:
1. The intrinsic RC time constant of the detector.
2. The Plasma Time.
3. The electron carrier transit time.
The intrinsic RC time constant is a minimum for a totally depleted detector and is typically a
few tens of picoseconds. The plasma time depends on the ionization density within the plasma and
tnus, via the specific ionization energy loss, on the mass and charge of the incident particle. The
plasma time also depends inversely on the average value of the electric field within the charge
depletion region of the detector. The carrier transit time depends on the relative range of the
charged particle compared to the depth of the charge depletion region or the thickness of the
totally depleted detector. Provided that the field in the detector is sufficiently high, so that
saturation carrier velocity is attained, this transit time is field independent.
Thus for a totally depleted silicon surface barrier detector the signal risetime carries with it a
signature of the charge, Z, and to a lesser extent the mass, M, of the incident ion. For particles
entering parallel to the electric field direction whose paths are long compared to the diameters of
their plasma columns, this signature is directly proportional to the Z of the ion.
Experimental results will be shown illustrating this Z-separation for energetic ions ranging
from Li to F. For hydrogen and helium ions, results will be presented which show that the risetime
contains sufficient M-signature for complete identification to be made. These results, which can be
extended down to energies of a few MeV for ions as heavy as F, mean that a technique is now
available which, combined with time-of-flight measurements, allows the complete identification of
ight heavy ions up to F.
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Coincidence System for Radionuclide Standardization
Using Surface Barrier Detectors
Marina Fallone Koskinas and Mauro da Silva Dias
Instituto de Pesquisas Energéticas e Nucleares
IPEN-CNEN, São Paulo, Brazil

A system for the standardization of alpha-gamma or electron-X radionuclide emitters has
been developed at the Instituto de Pesquisas Energéticas e Nucleares in São Paulo, Brazil. The
system consists of one or two surface barrier detectors for alpha or electron detection which are
coupled to thin-window Nal (Tl) crystals suitable for low energy X or gamma ray detection. The
performance of the system has been verified by means of 241Am and 137Cs solutions. The absolute
activity has been obtained using the extrapolation method applied to the 4TO-Y or 4jrec • X
coincidence technique. The surface barrier detection efficience was varied by placing absorbers
over the radioactive sources or by changing the source to detector distance. The results were
compared to those obrained using a gas-flow 4JT proportional counter. The agreement between the
two methods was around 0.5cc.

Passivation or Digitally Position-Sensitive
St (U) - Detectors
W.M.S.Santos*. D. Protic** and G. Riepe**
The aim of passivation techniques is to reduce the influence of ambients to the detector
properties and to establish a long-term stability. An often used alternative is a detector structure
using a guard-ring, which is kept at the same potential as the center portion of the detector. As
compared to the open-lying intrinsic region with an electric field across it, the problems seem to be
less severe in this case. Nevertheless the separating zone between guard-ring and center portion is
required to have a high resistance and to cause only a negligible contribution to the leakage current
of the center region - independent of the ambient (air or vacuum) and stable with time. Since a
guard-ring structure can be regarded as the beginning of a digital position structure, these problems
are of increasing importance for complex structures.
For the investigation of these problems two types of detectors technologies were considered:
1. A surface barrier type, whose structure is obtained by gold evaporation onto the compensated
region through a mask, and 2. a boron implanted type, the position structure of which is realized by
photolithography and plasma etching.
Following conventional fabrication procedures the separating zones between the elements of
fie position structure showed very unstable behaviour with respect to ambients. Among various
passivation procedures tried out the following two proved to give good results.
For both detector types a short etch with HF followed by an electron bombardment in an Ar
glow discharge was leading to a high and stable resistance between the elements.
For the implanted detector type a treatment consisting of a plasma etch in SF 6 (where the
sputtering effect is essential) followed by a rinse in methanol proved to be very successful.

Instituto de Fisica. Universidade Federal do Rio do Janeiro, 21.941 Rio dc Janeiro, Brazil
Institui fur Kcrnphysik, Kernforschungsanlaee Jülich GmbH. D-5170 Jülich. Fed. Rep. Germany

Determination of Compton Continuum From Experimental
Efficiency Curves of Intrinsic Germanium Detectors
R. Pani*. M. Rubio**, R. Pellegrini*** and A. Soluri*
* Sezione di Física Medica e Sanitaria - Dipartimento di Medicina Sperimcntalc. Univcrsita "La Sapicnza",
Roma (Italy)
•• Facultad de Matemática, Astronomia y Física • Universidad Nacional de Cordoba, Cordoba (Argentina).
Member of C.O.N.I.C.E.T. (Argentina)
•••

Servido di Sicurczza del Lavoro e Protezione Sanitaria - C.N.R., Roma (Italy)

Measurements with monochromatic X-ray radiation of the efficiency curve and the KleinNishna collision cross section can be combined to determine the Compton continuum produced in
an intrinsic Ge detector. A precise knowledge of an efficiency curve above 60 KeV, where
Compton scattering is important, gives us the scale factor for the energy distribution of Compton
electrons. In this work we reproduce the energy spectra of Compton electrons for three different
sizes of Ge crystals detectors irradiated with monochromatic photons up to 300 KeV. Monte Carlo
•simulations of Compton electrons spectra and efficiency curves were used to check the normalized
Klein-Nishina results for the mentioned geometries. An experimental curve for an intrinsic Ge
detectors of 25 mm2 x 5 mm was used to corroborate the method. The proposed method is very
useful in stripping procedures for the removal of Compton background in bremsstrahlung X-ray
spectra determination.

This work is part of a general project partially supported by CNR (Italy) and CO.N.I.C.E.T.
(Argentina).
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The Assessment of Geometrical Effects on Compton Profile Measurements
G. E. Gigante, Universita di Roma "La Sapienza", and
A. L Hanson, Brookhaven National Laboratory,
Upton, New York
Energy dispersive measurements of Compton scattered X rays for analyses have become
important with the development of high efficiency, high (energy) resolution detectors for 50-200
KeV X-rays. Information from the width of the Compton peak (many times referred to as the
Compton Profile) can be related to the momentum distribution of the target electrons. The total
peak area can be related to the number of atoms with an effective Z. Therefore, techniques of
measuring scattered X-rays for non-destructive testing has become attractive. The actual width of
the measured Compton peak also depends on geometrical and attenuation effects. Hence
measuring the Compton peak for materials analyses is problematic since the targets are inherently
large and distributed. Geometrical effects on measurement of the Compton Profile have been
examined theoretically and experimentally. The geometry of the samples can be assessed by
determining relations of the sample geometry with respect to contours of constant scattering angle.
These contours are useful since they help to determine the effective scattering angle (and hence
the mean Compton energy) and the spread in angles that are subtended by the samples. With the
geometrical considerations, we have derived a formula for the change in the geometry caused
energy spread as the thickness and width of the sample is changed. Some measurements on
plexiglass, a low absorbing medium, have been made where the sample thickness and collimators
size have been changed. The results of measurements will be presented with respect to the
predictions.

Research supported (ALH) by the Processes and Techniques Branch, Division of Chemical
Sciences, Office of Basic Energy Sciences, US Department of Energy, Contract No. DE-AC0276CH00016.

Range to Cone Length Relations for Light Ions in CR-39

L. R. Gil and A. Marques
Centro Brasileiro de Pesquisas Físicas
Rio de Janeiro, RJ, Brazil

Curves "range x cone length" are calculated for tracks left by low energy light ions in CR-39.
The calculations cover ions from helium to neon and are performed for a variety of etching times
and 6.25N NaOH at 70° C as etching agent. Parameters of the variation of the preferential etching
velocity along the tracks are determined by means of range measurements of alpha particles from
natural uranium and californium-252. It is felt that those curves might be helpful to sort tracks of
any of those ions from background radiation tracks or instrument defects.

The Study or the Effect of Natural Radiation Damage In
Crystal Using Thennoluminescence, Fission Track Etching and X-Ray DUTractlon
Y. M. Amin
Dept. of Physics, University of Malaya
59100 Kuala Lumpur, Malaysia

The natural radiation damage caused by the decay of uranium and thorium, present as
impurities, in zircon is studied. The radiation damage is first gauged by etching the fission tracks. It
is found that thennoluminescence (TL) sensitivity (defined as light output per unit test-dose)
decreases as the radiation damage increases suggesting a destruction of TL centres. The diffraction
angle 28 of (112) plane is also measured. It is also found that the angle increases with radiation
damage suggesting the displacement of atoms from their normal lattice sites. However, as the track
density increases beyond ~lxlO12 tracks/cm, the 28 angle remain ai~35.62°. By annealing the
crystal, the displaced atoms is found to return to the original lattice sites and this follows by the
reduction in 28 value as well as the recovery of the TL sensitivity. The fission track density also
decreases and all the tracks disappear at the annealing temperature of 800°C.

Dependence of Sensitivity of cellulose Nitrate(R) and
MarrofolE Polycarbonate Plastic Detectors on
Etching Temperature
S.M.Farid
Department of Physics, Rajshahi University,
Rajshahi, Bangladesh
Exposures of Cellulose nitrate (Russian) and Makrofol-E polycarbonate plastic track
detectors to different ions have been obtained from the cyclotron at JINR, Dubna (USSR). In this
\O

study
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C, 8 0 , 1 0 Ne, lfl Ar, ^ Ti • ions of different energies are used as energetic heavy ions for

track formation in the detectors. The experimental results show the isotropic etching character of
CN(R) and Makrofol-E detectors. The bulk etch rate, VD and track etch rate, V are measured for
different etching temperatures. The dependence of Vb and Vt on etching temperature, T (in
absolute scale) is exponential and can be expressed by Arrhenius correlation. The activation energy
for bulk etching, E b is determined for both the detectors. The dependence of activation energy for
track etching, E, on mass A of the bombarding ion is studied. The experimental results show that
for CN(R) detector both the track etch rate, V, and reduced etch rate, V = VJ\

along the

trajectory of the particle depend on etching temperature. But for Makrofol-E, V( depends on
etching temperature but V = Vt/Vft is independent of etching temperature. It is observed from the
experimental results that the tracks of heavy ions etch faster.
Using theoretical equations for range and energy-loss a computer program is made and with
the help of computer the energy-loss, dE/dx of the ion in the detector is computed. The "response
'.urves" of CN(R) and Makrofol-E detectors are drawn for different etching temperatures. For
CNT(R), both V, and V depend on ener^-loss, dE/dx as well as on etch bath temperature. For
Makrofol-E,V, depends on both dE/dx and etch bath temperature but V depends only on energyloss, dE/dx and not on etch bath temperature. The dependence of the sensitivity [(Vj/V^l) v$.Z]
of the detectors on etching temperature is also shown. It is evident from these figures that the
^sensitivity of CN(R) detector depends strongly on etching temperature while the sensitivity of
Makrofol-E detector is independent of etching temperature.

Radiation Damage and Its Annealing in Soda Glass Detector

Gurinder Singh and H. S. Virk
Department of Physics
Guru Nanak Dev University
Amritsar -143005 (INDIA)

The annealing study of radiation damage produced by the passage of heavy ions namely 139La
(14.6 MeV/n) and 2O8Pb (17 MeV/n) in sodalime glass is carried out using a formulation developed
in our laboratory [NIM, B12 (1985) 212]. The data is also analysed using a modified approach given
by Price et ai. (NIM, B21 (1987) 60]. It is observed that the values of activation energy, Ea and the
exponent of annealing time, t are in good agreement in both these formulations. However, there is
some variation in A-values. Both the formulations support the hypothesis of single activation
energy of annealing.

Simultaneous Determination of Dose and Elapsed Time Since Irradiation Using CaSO :Dy
Thermoluminescent Dosimeters

Cláudio Furetta' and Juan Azorin8
1CERN, Geneva, Switzerland
2 Instituto Nacional de Investigaciones Nucleares,
Salazar, Mex. Mexico

Information about the time whicn has elapsed since an external radiation exposure is useful
in order to determine the time of occurrence of an abnormal exposure in personal and accident
dosimetry. This information can be obtained from certain irradiated thermoluminescent
dosimeters. A computational method based on decay rates of thermoluminescence glow peaks has
been used to estimate a range of suitable values of trap lifetimes of low temperature flow peaks.
This provide the basis to determine not only the absorbed dose from a radiation exposure but also
the time elapsed since irradiation. Experimental data on CaSO4:Dy dosimeters agree favourably
with theoretical predictions, particularly in the variation of peak area ratio with elapsed time since
an abnormal exposure superimposed on a constant and continuous background exposure.

Thermoluminescent Characteristics of CaSO4:Dy+PTFE Dosemeters Produced at ININ
Juan Azorin and Alicia Gutierrez
Instituto Nacional de Investigaciones Nucleares (ININ)
Carretera Mexico-Toluca. Km. 365 Salazar, Mex. Mexico

In radiation dosimetry, thermoluminescent dosemeters (TLDs), in the shape of sintered
pellets, are very suitable for applications requiring a larger number of measurements.
Actually, in Mexico, LiF commercial TLDs are used for personnel dosimetry. Due to their
high cost, these TLDs are being inaccessible to many radiation protection services.
In order to be self sufficient in this subject, a method of producing CaSO4:Dy+PTFE TL
dosemeters was developed in our laboratory.
The characteristics of these new sintered dosemeters are reported in this paper.
Characteristics studied were: glow curve, dose and energy response, fading, reproducibility
and activation energy.
Results showed that CaSO4:Dy+PTFE dosemeters produced at ININ met the requirements
for personnel dosimetry.
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Thermoluminescent Sensitivity or LlF:Mg, Cu

»

Agnes Maria da F. Fausto, Elisabeth M. Yoshimura and Emico Okuno
Instituto de Fisica, Universidade de Sao Paulo
Caixa Postal 20516, CEP 01498, São Paulo, Brazil

Lithium fluoride doped with Mg and Cu is a sensitive thermoluminescent dosimeter of
ionizing radiation, showing also photosensitivity. In order to know the contents of Mg and Cu
which enhance the ratio of ionizing radiation to light responses, fourteen samples of LiF with
different concentrations of the above impurities were analysed. For this purpose, samples were
irradiated by ^Co gamma rays with an exposure of 0.26 mC/kg and/or by light of 400W Hg lamp
without glass envelope during 30 min at 20 cm from the source. All samples were heat-treated in
air at 400°C for lh and 100°C for 2h. A linear heating rate of 3.7°C/s was used to obtain the
thermoluminescent glow curves from room temperature to 400°C.
Phosphors irradiated with gamma rays show a pronounced peak at (242 t 5)°C if doped with
Mg and Cu, or two peaks of low intensity at 180°C and 200°C, when doped only with Cu.
On the other hand, glow curves of phosphors exposed to light consist of two peaks in the
lower region of temperature: the first at about 105°C and the second in the range of 145 to 168°C.
* A third peak at 215°C occurs in the glow curve of a few samples. It has been observed that most
samples are 7 to 10 times less sensitive to light than to gamma rays for the quoted exposures.
' However, samples doped with 0.4 moWc of Mg show similar responses to both radiations.
From the results it can be concluded that phosphors of LiF:Mg(0.2 or 0.1 mol%), Cu(0.03
mol^c) are most suitable for ionizing radiation dosimetry due to the high sensitivity to gamma rays,
and a low one to light.

A New Pulsed Pyroelectric Radiation Dosimeter
A. A. Carvalho,m) S. Mascarenhas,b) and M. H. de Paula
Instituto de Física e Química de São Carlos, USP

We describe a new type of radiation dosimeter for the diagnostic X-ray region using a
pyroelectric detector. The pulsed pyroelectric radiation dosimeter (PPERD) is a system constituted
by a X-ray beam commutator, a pyroelectric chamber, u ^re-amplifier and an electronic peak
detector. The pyroelectric chamber consists basically of a lead zirconium titanate (PZT) ceramic
(17 mm x 17 mm and 3 mm thick) on a nylon support. The chamber is evacuated to about 1 mm
Hg. The thickness of the detector is such that it absorbed more than 99% of the X-ray beam used
in these studies.
The pyroelectric element itself absorbs a X-ray pulse and provides a voltage proportional to
the energy absorbed. The PPERD has the following characteristics for diagnostic X-ray beams: 1)
It responds linearly to the radiation intensity for a given radiation spectrum; 2) It responds linearly
to the radiation energy fluence rate; 3) The pyroelectric chamber is simple to construct,
inexpensive and rugged; 4) The lower detection limit of energy fluence rate range and of exposure
rate range are respectively 20 mW/m 2 and 9,0.10*GKgV (35 mR/s).

a) On leave form Electrical Engineering Department, UNESP C.P. 31, Ilha solteira, SP - Brazil.
b) Present Address: UAPDIA-EMBRAPA - C.P. 741, São Carlos, SP • Brazil.

A New Pulsed Photoacoustical Radiation Dosimeter

ô *&

A. A. Carvalho8*, S. Mascarenhasb) and M. H. de Paulab)
Instituto de Física e Química de São Carlos, USP
We describe a new method to measure X-rays in its diagnostic region using a new
photoacoustical radiation dosimeter. We measure the exposure rate and the energy fluence rate
without the necessity to use synchronous detection. The measurement is made determining with a
recorder, oscilloscope or electronic peak detector the amplitude of the electrical pulses produced
when a chopped X-ray beam strikes a 0,6 mm thick Pb detecting sample inside a photoacoustical
cell.
The pulsed photoacoustical radiation dosimeter (PPARD) consists of an X-ray beam
commutator, a photoacoustical cell, a pre-amplifier and an electronic peak detector, oscilloscope or
recorder. The PPARD has the following characteristics for diagnostic X-ray beam: 1) It has a linear
response with the energy fluence rate; 2) The photoacoustic cell is simple to construct; 3) The
instrumentation is inexpensive and easily available; 4) The lower detection limit of energy fluence
rate range is 0,42 W/m2; 5) The lower detection limit of exposure rate range is 2,0.10"*
(0,78 R/s).

a) Oa leave from Electrical Engineering Department, UNESP - C.P. 31, Ilha Solteira, SP - Brazil.
b) Present Address: UAPDIAEMBRAPA - C.P. 741, São Carlos, SP - Brazil.

Calibration of a Photoacoustical Radiation Dosimeter

A. A. Carvalho4, S. MascareiúW4 and M. H. de Paula"*
Instituto de Física e Química de São Carlos, USP
We propose a methodology for calibration of a photoacoustical radiation dosimeter (PARD)
which doesn't require the calibration of its response in a known field of ionizing radiation.
The PARD calibration procedure is based on the determination of the photoacoustical
dosimeter cell responsivities in the following experimental conditions:
1) Using electrical heating and a spectrally flat optical absorber called photothermofone;
2) Using infrared or visible radiation and the photothennofone;
3) Using infrared or visible radiation and a 0,6 mm thick Pb detector;
4) Using X-rays in its diagnostic region and a 0,6 mm thick Pb detector.

The energy fiuence rate of a unknown X-ray beam determined through standard methods
and with the PARD through the proposed methodology presented difference of 13%.

a) On leave from Electrical Engineering Department - UNESP - CP. 31, Ilha Solteira, SP - Brazil
b) Present Address: UAPD1A-EMBRAPA - CJ\ 741, S3o Carlos, SP - Brazil

An Energy Monitor for Electron Accelerators
G. Geske
RadioL Klinik, University of Jena
German Democratic Republik
k

An energy monitor developed at the University of Jena is suitable for a fast and sufficient
precise control of the energy selecting scale of electron accelerators. The monitor is a specially
constructed ionization chamber the charge of which generated by electron irradiation is
proportional to R^ or Rp in water as energy relevant parameters of the beam. The simplest
possible construction of this monitor may be used with every ordinary clinical dosemeter as a
charge meter. It is intended for periodic energy checks in the range from 5 to 25 meV. Another
construction is implemented in the irradiation head of an electron accelerator for a continuous
check of the energy. Working principle and experimental results are reported
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Improvement of the Calibration Technique of Clinical Dosemeters
By Components*
Linda V. E. Caldas, Maria da Penha P. Albuquerque and
Marcos Xavier
Instituto de Pesquisas Energéticas e Nucleares
IPEN-CNEN, São Paulo, Brazü
Constituted by ionization chambers (thimble and superficial types) connected to special
electrometers, the clinical dosemeters are normally calibrated in gamma and X-radiation fields as
whole systems in relation to secondary standards, at the Calibration Laboratory of IPEN. In order,
to allow the users to send only one of the pieces for recalibration, a very useful procedure for those
who own several ionization chambers and only one electrometer (as is very common), a technique
of calibration by components was developed in the present work. Two different systems were used:
a standard capacitor of 1000 pF (General Radio Company, EUA) and a special standard current
source, consisting of an ionization chamber with a "Sr source (Physikalisch-Technische Werkstãtten, RFA). The results obtained with these two methods showed a difference lower than 0.4%.
In relation to the usual total calibration method, the differences in calibration factors were lower!
then 0.7% for several clinical dosemeters tested.

* Partially supported by the International Atomic Energy Agency
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Multiple Scattering Resonance Self-Shielding Factors in Foils
M. C Lopes and J. Molina Avila
LNETI/ICEN/DEEN
Institute of Nuclear Sciences and Engineering
2685 SCAVEM PORTUGAL
Recently we proposed a multiple scattering theoretical formalism to calculate the selfshielding factor of probes with different geometry in thermal neutron fields.
Its main advantage is the definition of a new collision function K (the number of collisions
which a neutron suffers inside the probe after having been scattered a first time) which is
exclusively determined by the collision parameters and the geometry of the probe.
In this work the formalism is extended to the epithermal region for materials which exhibit
high isolated resonances where scattering may play an important role.
The integral equation satisfied by the function K is solved numerically for thin foils of

-J

different thicknesses and the corresponding self-shielding factors are calculated for isotropic
neutron fields in various materials.
Our numerical results showed that the self-shielding factor, as a function of the energy, in the

>

resonance zone, exhibits a depression with a width larger than the corresponding width of the

;

cross-section in the resonance peak. This interesting feature, caused by multiple scattering inside

\

the probe, means that the ressonance cross-section parameters must be corrected. This correction

*

depends on the thickness of the probe used in the cross-section measurement.
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Concentration of Low Energy Gamma Rays for Space Astronomy
P. de Chiara™, F. Frontera^, P. SgarziP)
1. Dipartimento di Física, Univcrsita di Ferrara, Ferrara, Italy.
2. Istituto di Tecnologia e Studio Radiazioni Extraterrestri, Consiglio Nazionale Ricercbe, Bologna, Italy.
3. Centro Microscopia Elcttronica, Univcrsita di Ferrara, Ferrara, Italy.

Concentration of gamma rays is one of major tasks of the experimental gamma-ray
Astronomy in order to overcome the limit sensitivity of the current instrument generation.We will
report on preliminary results of a feasibility study of a low energy (500 keV) gamma-ray
concentrator with a wide energy band.
The technique exploited is the Bragg diffraction with a suitable geometry and crystal
structure.
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Accurate Analytic Off-Axis Trajectories of Relativist ic
Electrons inRealistic 2D Transverse Wigglers
With Arbitrary Magnetic Field Variation
P. Torggler and C Leubner
Institut für Theoretische Physik, Universitãt Innsbruck,
A-6020 Innsbruck, Austria
Wigglers and undulators are receiving much attention both as a source of synchrotron
radiation and as a major component of the FEL, and a large number of different external field
configurations have so far been studied. For these, it is essential to have analytic descriptions of the
corresponding single electron trajectories for several reasons, (a) analytic expressions for single
electron trajectories give a better insight into the complicated dependence of the electron motion
on quantities like the injection conditions or the wiggler parameter K; (b) one can only hope to
calculate the radiation pattern from a particular wiggler or undulator if at least the single electron
velocity is given in closed form; (c) analytic single particle trajectories are an essential starting
point for investigating advanced problems like stability analyses and FEL performance.
Therefore, single electron motion was studied in wigglers with 2D magnetic fields that are
transverse and periodic but otherwise arbitrary on-axis, and satisfy Maxwells equations off-axis. In
this class of fields, the energy and one component of the canonical momentum are conserved and
can be used to reduce the trajectory problem to the integration of a single complicated second
order ordinary differential equation. However, for all realistic electron beam emittances and for all
realistic values of 6w = K/7, this equation is weakly non-linear and lends itself to a two level double
scale analysis, through which an accurate analytic description of the complete electron trajectory
can be established. This analytic trajectory exhibits all the features that one expects to find in offaxis motion, such as small amplitude rapid wiggler oscillations superimposed on large amplitude
slowly varying betatron oscillations.
The accuracy of this analytic trajectory was tested for a sinusoidal on-axis field variation by
comparison with a numerical trajectory, and it was found that even for considerably off-axis
electrons, the agreement was typically on the order of one part in thousand.

Beta and Gamma Individual Monitoring With Thermoluminescent
Dosemeters
Leticia Lucente Campos and Luiz Antonio Ribeiro da Rosa*
Instituto de Pesquisas Energéticas e Nucleares (IPEN-CNEN/SP)
Due to the recent 137Cs radiation accident at the end September, 1987, in the city of Goiânia,
Brazil, the Dosimetric Material Production Laboratory of the Instituto de Pesquisas Energéticas e
Nucleares (IPEN) developed special light beta/gamma discriminating thermoluminescent (TL)
dosemeters which were placed on the skin of the most injured accident victims in order to assess
the external contamination on their bodies, what could be done by the evaluation of the beta
radiation absorbed dose to air, Dg This dosemeter was also utilized, as wristlets, for the individual
monitoring of some technicians involved in the radiological protection procedures in Goiânia. The
dosemeter is composed of four 0.20 mm thick CaSO4:Dy-PTFE pellets, produced by IPEN, sealed
in a black plastic film. Two pellets are shielded with 315 mg.cm'2 thick PTFE filters and are used
for gamma radiation absorbed dose to air, EL, assessment The other two remaining pellets are
unshielded and permit D« assessment. After appropriate calibration procedures, an algorithm, for
evaluating D« and D , was written. With respect to the victims external contamination, some
dosemeters did not detect any beta radiation absorbed dose rate to air, Do, value at all, an
indication of no external contamination, although gamma radiation absorbed dose rate to air, EL
values, like 0.098 and 0.221 mGy.h*1, could be evaluated, indicating that these victims were
internally contaminated by 137Cs. With the remaining dosemeters, different Do values could be
measured from 0.016 mGy.h*1 up to high values like 38.27 mGy.h*1, indicating an obvious high
external contamination. All dosemeters were able to evaluate D Y values from 0.127 up to 7.24
mGy.h'1. It was verified that only a few dosemeters worn by radiological protection technicians
presented beta radiation dose equivalent results.

•On leave from Instituto de Radioproteçáo e Dosimetria (IRD-CNEN/RJ)

New Ionization Chambers for Beta and X-Radiat ion

*^

Maria da Penha P. Albuquerque and Linda V. E. Caldas
Instituto de Pesquisas Energéticas e Nucleares
IPEN-CNEN3SP, São Paulo, Brazü
Two new ionization chambers were projected, constructed and tested in beta and X-radiation
fields. They have circular form, parallel plates, sensitive volumes of 0.6 cm3 and collector electrodes
of graphite and aluminium. The short and long term stability checks, the angular dependence
studies and the lack of current leakages showed that the chambers present performances
comparable to commercial secondary standards. The energy dependence of the graphited electrode
collector chamber presented a maximum difference in the X-radiation intermediate energy region
of only 1.4% in relation to the secondary standard instrument. The energy dependence of the
chamber over all this region was lower than 8.8%. In the case of the aluminized electrode collector
chamber, the observed energy dependence was, as desired, high (about 50^). This fact permits the
energy determination of unknown X-radiation fields, using both chambers, constituting an
improvement of the quality control in Radiotherapy level radiation field dosimetry. For beta
•radiation of ^Sr + ^Y, the performance of both chambers .was similar and comparable to
secondary standards.
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X-Rays and Charge-Exchange Collisions
E.C. Montenegro
Departamento de Física
Pontifícia Universidade Católica do Rio de Janeiro
22453, Rio de Janeiro, Brasil

The measurement of X-rays in coincidence with the emergent charge states in ion-atom
collisions is a method successfully used for identifying the states occupied by the active electron
during the collisions process. In this paper the use of characteristic X-rays to study charge-exchange
collisions is analysed. The presence of metastable states and multielectronic processes with can
hinder the identification of the active electrons states are also discussed.

Inelastic X-Ray Scattering

W.Schülke
Institute of Physics, University of Dortmund,
D-4600 Dortmund 50, Fed Rep. of Germany

After the advent of strong sources of Synchrotron-X-rays the interest in inelastic X-ray
scattering spectroscopy (DCSS) has grown rapidly.
Generally speaking, the double differential scattering cross section (DDSCS) da/dudQ, which
is measured by means of DCSS, is determined by the density correlation in space and time of the
scattering electron system. What kind of correlated motion of the electrons in condensed matter
one is looking at, depends both on the amount of momentum transfer q and energy transfer Üu.
If q > 2*/a, where a is the interparticle distance, and if fiu is large compared to characteristic
energies of the scattering system, one is following up the motion of individual particles, more
exactly speaking, one is measuring the momentum distribution of the electron system, a ground
state quantity, which is complementary to the density of electrons in position space (impulse
approximation, Compton scattering regime). This type of IXSS can be performed today by means
of Synchrotron X-rays with four times better momentum space resolution than in corresponding fCompton measurements.
If q-2ft/a,and if "ho is of the order of characteristic energies of the scattering system (binding
energy, Fermi energy), one gets valuable information about long range correlations of the moving
electrons (regime of electron excitations). Since the DDSCS can be measured with better than 1 eV
resolution by means of Synchrotron X-rays, a unique experimental access has been opened to the
^solution of a very actual many body problem of solid state physics, namely the complete
understanding of the quasi-particle energy of electrons in real solids, taking into account exchange
and correlation beyond the local density approximation.
Since very sophisticated Synchrotron IXSS experiments make possible an energy resolution
of the order of 10 meV in connection with q ^ 2ir/a, also the collective motion of ions in solids
(phonons) can be followed up (within the limits of the adiabatic approximation), which offers in
some cases supplementary information to inelastic neutron scattering (regime of collective ion
excitation).
Examples of most recent results of these three types of IXSS are presented.

Two additional experimental peculiarities are stressed, which are offered by the unique
'properties of Synchrotron X-rays: circular polarization making feasible spin selective
measurements, and high collimation opening the access to off-diagonal response of solids by means
of scattering from Bloch-type photon states.

Funded by the German Federal Minister of Research and Technology under Contract No. OS 334 AX B 2.
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Gamma-Ray Astronomy at the Highest Energies

Trevor C. Weekes
Harvard-Smithsonian Center for Astrophysics

One of the major astronomical discoveries of the past decade has been the detection of
gamma rays of energy in excess of 0.1 TeV from a variety of galactic sources. These detections are
made with ground-based telescopes using the earth's atmosphere as the detecting medium; the
electromagnetic cascade that results from the interaction of the gamma ray with the upper
atmosphere is detected by the presence of surviving secondary electrons at detector altitude or by
the radiation of Cherenkov light by the atmosphere. There are now more than 30 Very High
Energy gamma-ray telescopes in operation around the globe. The sources detected include the
Crab Nebula (a 940 year old supernova remnant), some millisecond radio pulsars (rotating neutron
stars), and binary x-ray sources (close binaries systems containing accreting neutron stars). At 0.1
to 1 PeV energies the gamma ray flux from the most distant galactic sources is attenuated by
photon-photon pair production on the microwave background radiation. Al'.hough the discovery of
these high energy sources was not anticipated, models have been proposed which attempt to
explain this unexpected component. The implication of these observations is that a significant
portion the more energetic cosmic rays observed on Earth may arise from the action of similar
sources within the galaxy over the past few million years. There are also predictions that the
supernova in the Large Magellanic Cloud (SN 19S7a) may become a strong source of Very High
Energy gamma rays and several experiments have been set up in the southern hemisphere to
observe it.

Real and Virtual Radiation

E. Wolynec
Universidade de São Paulo

Electrodisintegration cross sections are related to the corresponding photonuclear processes
through virtual photon spectra. A brief review of virtual photon theory is presented. Calculations of
DWBA virtual photon spectra for finite nuclei are compared with experimental results. The
multipole decomposition of electrodisintegration cross sections using these spectra is discussed and
several experimental results are presented. A brief review for the bremsstrahlung cross section is
also presented.

CONTRIBUTED PAPERS

K X-Ray Relative Probabilities in Medium Z Region
M. C. Martins, M. I. Marques, F. Parente and J. G. Ferreira
Centro de Fisica Atômica (INIC) e
Departamento de Fisica da Universidade de Lisboa
Av. Prof. Gama Pinto, 2 -1699 Lisboa Codex
Following extensive measurements of relative intensities of the major K-X ray groups which
have been performed by us [1,2], we undertook measurements of the individual relative K X-ray
transition probabilities in medium and high Z region [3].
In this work we report results concerning the K-^Mj/K^Lg, K-*M2/K-*M3, K-»NM/K-»M3 and
K-N.O/K-M ratios for Z = 47,49,52,55 and 56.For Z = 52,55 and 56 the K-O/K-M 3 ratio was also
obtained. X-ray spectra are produced following radioactive (/T or E.C.) decay. An Ortec GeHp (195
eV FWHM at 6.5 KeV) detector was used. The analysis of the spectra was achieved by fitting them
to a linear background B(x) and a function
F(x) = G(x) + D(x) + S(x)
for each X-ray component. G(x), D(x) and S(x) represent the gaussian, tailing and step functions, respectively.
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The Atomic Fluorescence Yields W^, W^, \V M and WN5 of
the Elements Ir, Pt, Au, Th and U
J. G. Ferreira, L Salgueiro, F. Parent and P. Amorim
Centro de Fisica Atômica (INIC) e
Departamento de Fisica da Universidade de Lisboa
Av. Prof. Gama Pinto, 2-1699 Lisboa Codex
The atomic fluorescence yields W^, W ^ , W M , W ^ have been calculated in this work for the
heavy elements Ir, Pt, Au, Th and U.
These calculations have been made using the X-Ray widths of the La lt Lor2, Lfiy L7t and LI
lines of these elements (1,2) and the radiative widths of L^ L3, Mt,M4, M5 and N 4 levels presented
by Salgueiro et aL (3) and McGuire (4).
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K-Shell X-Ray Emission Cross Sections by Proton Bombardment
E. Rosato
Dipartimento di Scienze Fisiche, Universita di Napoli
and
Istituto Nazionale di Física Nudeare, Sezione di Napoli
Mostra d'Oltremare pad. 20,180125 Napoli (Italy)
Precise and accurate X-ray production cross sections following K-sheII ionization by proton
bombardment are presented. These values are obtained by fitting all the experimental
measurements available from the literature (v-5250 data points for Z = 4-92) in terms of weighted
orthonormal polynomials. In view of reaching unbiased and reliable estimates particular care is
devoted to the preliminary screening of orighal experimental data points in order to ascertain their
precision and accuracy and to check statistical consistency among series of measurements from
differed, authors and/o different techniques.
Final resuT:s turn out to be accurate and to have noticeably smaller uncertainties than any
single experimental data point. Therefore they could be assumed as "reference" values and can be
profitably used for quantitative analysis in the framework of PIXE and for testing current theories
of inner-shell ionization. Finally present estimates are compared to recent empirical and analytical
cross-section formulae.

Xanes of the Outer SheU in HC1 and HBr
VA. Yavna, V. A. Popov, V. F. Demekhin
Rostov Railway Engineers Institute, Chair of Physics,
344017 Rostov-on-Don, USSR
Experimental investigations of photoabsorption of 2JT-shell in HC1 and 3fl-shell in HBr /1,2/
have shown that there is a complex structure in the before edge region of spectra which appearance
is interpreted through transitions into molecular bonded states.
The aim of this work is the calculation of bonded states structures and photoabsorption cross
sections within the before edge regions. To do this, within a self-consistent one-.centre method
/ 3 / , wavefunctions and energies of one-electron s<: t&> liy^f?^ of discrete and continuous spectra
have been calculated, and the structures of |nn 1r7n17ir7t> states have been determined with taking
Coulomb, spin-orbit, and vibronic interactions into account. Photoabsorption cross sections have
been calculated through formula a = (a* + o")/2, where or and av are the cross sections in the form o
radius and velocity. Dipole transition matrix elements have been determined taking into
consideration their dependence on coordinates of nuclei / 3 / .
Results of the calculation for HC1 are compared with the experiment / 2 / (dashed line) on
the figure. Transitions into the bonded states are represented by the larentzian curves with
halfwidths of O.04 eV. Theoretical absolute values of photoabsorption cross sections (solid curve)
are forecasting.
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Study of the Effect of Multielectron Excitatioon on the Exafs
of Low-Z Atoms
A. G. Kochur, A. M. Nadolinsky, V. F. Demekhin
Rostov Railway Engineers Institute, Chair of Physics
344017 Rostov-on-Don, USSR
It has been shown both experimentally / I / and theoretically / 2 / that the disturbance of
smoothnes of atomic absorption spectra because of multiple ionization effects may give rise to the
appearance of meddling low-frequency oscillations in normalized EXAFS thus making structural
investigations more difficult. For heavy atoms the most significant is the effect of additional
excitations of f and d-levels having the thresholds shifted by 100:300 eV above single ionization
threshold.
Specific feature of EXAFS studies of low-Z atoms is the necessity to use spectral regions
more close to the edge (~20 eV above the edge). The reason is a rapid discent of backscattering
amplitudes for low-Z atoms. Within this energy region the spectra may have features caused by
opening of channels of additional excitations of 21-levels. As an example, we calculated the Kabsorption spectrum of F ion considering additional monqpole excitations of 2p-, 2s-, and a pair of
2p-electrons. The corresponding thresholds are 20.4 eV, 44.5 eV and 62 eV from the K-edge. At
these energies considerable disturbance of atomic absorption takes place.
Similar effects will be substantial when studying the EXAFS of the third period atoms. The
main donation will be given by additional 2p-excitations having the greatest relative probability
(~30f*incaseofF).
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K X-Ray Emission From Solid Neon
A. Lefebvre*, G. Deconninck*, M. Dubus* *
•I-A.R.N., Facultes Universitaires Notre-Dame de la Paix,
22 Rue Muzet, B-5000 NAMUR (Belgium)
••DRF.G/SBT/LACC. Centre d'Etudes Nucleates de Grenoble,
GRENOBLE (France)
The emission of radiations from solid Neon remains a widely open problem. U.V. emission
and absorption bands (17 eV) are attributed to atomically trapped excitons, the observed energy
corresponds to the atomic 1'3P1~1S0 transition slightly shifted by the Van der Waals fields of the
surrounding ground state atoms (1). In this paper, the emission of K X-rays and satellites is
investigated in solid Neon at vapour pressure (7°K) and in very high pressurized Neon solid
bubbles obtained by implantation of Ne+ ions into various metals. At room temperature the
pressure in these bubbles is to the order of 100 Kbars which corresponds to a compression of 30%
in volume. Samples are analyzed by RBS, nuclear reactions and by high resolution X-ray emission
spectroscopy using a flat crystal of Beryl (2d = 15.96 A) (2). A solid Neon target is produced by
condensation of Neon gas on an Aluminium backing maintained at 7°K. The sample is irradiated
with 2 MeV 4He* and proton, K X-rays are detected and compared with the atomic spectrum. No
significant difference is observed in the position and in the intensity of the diagram and satellites
lines. It is concluded that the emission mechanism is of pure atomic character. The emission of K
X-rays from Neon bubbles into metals is induced by 4 keV electrons, the results here are
completely different from the solid at vapour pressure. The narrow K<*12 diagram line becomes a
broad distribution, while the satellites from double ionization are only slightly redshifted and their
structure is not significantly modified. We attribute the presence of broad lines to the existence of a
wide 2p valence band due to the surrounding atoms interaction when the solid is compressed.
*
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Dependence of Kj3/Kft Ratio on the Chemical Constitution
of the Atom in Cr, Mn and Fe
D.L.Sastry, CV.Raghavaiah, N.Venkateswara Rao, S.Bhuloka Reddy,
M.V.S.Chandrasekhar Rao, G.Sreekrishna Murty and CSatyanarayana
Swami Jnanananda Laboratories for Nuclear Research,
Andhra University, Visakhapatnam-530 003, A.P., India
We have studied the dependence of the Kfi/Ka ratio on the chemical binding of the X-ray
emitting atom in partially filled 3d shell elements Cr, Mn and Fe. The experiments were carried out
employing a high resolution Si(Ii) detector spectrometer coupled to a multi channel analyser
controlled by a micro computer. The characteristic X-ray in elements and compounds were excited
by a low power X-ray tube at a voltage of 25 kV and a current of 200/iA. The experimental values of
Kfi/Ka show variation ranging from 1-6% in Cr compounds. In the case of Mn compounds, the
Kfi/Ka ratio varies up to 9% with respect to that of pure Mn. The Kfi/Ka ratio shows that it is
affected to the extent of 4% in Fe compounds. These results are interpreted in terms of chemical
effects. Brunner's model is tested and the present values of Kfi/Ka qualitatively agree with the
theoretical predictions of this model. The behaviour of formal oxidation number versus Kfi/Ka
shows that it is influenced by the chemical binding of the atom.

M-Subshell lonization of U by Light Ion Bombardment
A. P. Jesus* +, J. P.Ribeiro*o
• Centro de Fisica Nuclear (INIC)Av. Prof.Gama Pinto, 2
1699 Lisboa Codex, PORTUGAL
+ Departamento de Fisica da Universidade Nova de Lisboa
o Departamento de Fisica da Universidade de Lisboa
M X-rays of U were produced by proton, deuteron and alpha-particle bombardment in the
energy range 0.20 to 0.90 MeV u"1. Transition lines N^ - M,,, O||( - M, and Ma, M/5, M7 yields. Were
obtained from a least squares fit to the spectra and used to convert M X-ray production into M
subshell ionization cross sections. The uncertainly induced by the atomic parameters (X-Ray
Fluorescence yields,Coster-Kronig and Radiactive Transition rates), used in the conversion, is
discussed. The subshell ionization cross sections are then compared to the results of ECPSSR
Brandt and Lapicki theory and to the semi-classical theoretical values of Kocbach. In the energy
range covered in this work, low velocity effects, as the electron binding energy modification and the
projectile Coulomb deflection and retardation by the target nucleus become important. The
projectile used are the most suitable to study those effects.
Intra-shell transitions induced by the projectile and multiple ionization are suggested as
causes of disagreement between theory and experiment.

The Ka and Kfi X-Ray Emission Spectra of Metallic Potassium
J. A. Leiro and M. H. Heinonen
Department of Physical Sciences, University of Turku,
20500 Turku, Finland

The X-ray K-emission spectra of K have been measured with a high resolution two-crystal
spectrometer. The estimated full width at half maximum of the instrumental function was 0.4 eV.
The spin-orbit splitting of the Ka line was observed to be 2.9 eV. Furthermore, these main Unes
exhibit an asymmetry which is very interesting because there are no 3d-electrons available which
could contribute to the shape of the spectra. There is a possibility that this effect is caused by the
scattering of the conduction electrons from the suddenly created core hole. Also, the high energy
satellites of the main lines are discussed in the light of recent nonrelativistic Hartree-Fock
calculations.

Line Asymmetry in the X-Ray Photoemission Spectra
of Ar and K Implanted in Al
Miguel Abbate
Centro Atômico Bariloche, Comision Nacional de Energia
Atômica, 8400 Barüoche.Rio Negro, Argentina
we have measured the core-level X-ray photoelectron spectra of argon and potassium
implanted in aluminum. We have obtained the singularity index of the core-leve! lines to investigate
the response of the electron gas to the sudden creation of the photohole. We have found that the
Unes of potassium are more asymmetric than those corresponding to argon. Furthermore, the Unes
of argon are quite symmetric. The analysis of the experimental results shows that the asymmetry of
the lines is closely related to a local effect. We suggest an explanation to the differences in the
spectra in terms of structure in the local density of states of the impurity at the Fermi leveL

Small-Angle Coherent Gamma-Ray Scattering
at 662 kcV for Pb and Sn
D. A. Bradley, C. S. Chong, A. A. Tajuddin,
A. Shujcri and A. M. Ghose*
School of Physics, Universiti Sains Malaysia
11800 USM Pulau Pinang, Malaysia
Discrepancies between theory and experiment have been reported in the small momentum
transfer region x < 10 A'1 for the coherent scattering of moderate energy photons.
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In the

present experiment an investigation has been made of the performance of each of the primary
components of an annular target set-up, arranged for 662 keV photon scattering at angles in the
range 5° to 15°. The conventional double-cone primary-beam stop is found to significantly degrade
the full-energy peak-to-valley ratio compared to that obtained with a parallel-sided arrangement.
Assymetry has been found in the radiation field at the position of the scattering plane and also in
the response of the detector to an auxiliary point source radially distributed over the same
' scattering plane. Appropriate experimental procedures and corrections have been adopted in
obtaining differential cross sections of reduced uncertainty.
A reanalysis of an earlier set of experimentally determined differential cross sections1 has
been produced.
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On the Energy Dependence of Effective Atomic Numbers
K. Subba Rao, A. V. N. Ramalingeswara Rao
Department of Physics
Regional Engineering College
WARANGAL 506 004, India
and
V. Radha Krishna Murty
Department of Engineering Physics
College of Engineering
Andhra University
VISAKHAPATNAM 530 003, India
Photon interaction studies in compounds are of special significance for shielding, industrial
and biological applications. Photon interaction cross sections in three elements Pb, Hg and Sn and
their compounds Pb(NO3)2, PbCi^ Pbl^ PbO2; Hg(NO 3 ) 2 , HgC^, Hgl2, HgO; and SnCl2 and SnO2
at three energies in the region 100 keV to 1 MeV are determined using monoenergetic sources of
photons. The effective atomic numbers for the compounds are obtained by finding the equivalent
element which has the same cross section in the total cross section versus atomic number plots. The
, variation of effective atomic number with energy is also attempted; the results are discussed and
conclusions drawn on the validity of the mixture rule in this energy region.

A'll
Elastic and Inelastic Scattering of 59.54 keV Gamma Rays
K. M. Varier
Department of Physics, University of Calicut, Kerala, India
and
M. P. Unnikrishnan
Department of Physics, MES College, Valanchery, Kerala, India
Cross sections for the elastic scattering of 59.54 keV gamma rays through 141 degrees by Al,
Cu, Mo, Yb, Ta, Au and Pb have been accurately determined using a Si(LJ) detector. The values of
the cross sections have been obtained by a normalization technique based on a comparison with the
Compton scattering from the essentially free electrons from an Al scatterer. For the lower-Z
elements Al, Cu and Mo the experimental cross sections are more or less in agreement with the
form factor predictions as well as the S-matrix calculations. For the heavier elements Ta^u and Pb
the experimental results deviate strongly from the form factor values but agree favourably well with
the S-matrix values. As a by-product, incoherent scattering functions have been evaluated for Cu,
Mo and Yb. Also, a clear indication has been obtained for Resonant Raman scattering in the case
ofYl.

Study of Molecular Correlations Observed in the Small-Angle
Photon Scattering Distributions of 60 keV Photons
Interacting with Low Atomic Number Media
Bradley DA.*, Dance D.R., Evans S.H. & Jones C.H.
Department of Physics
Institute of Cancer Research & Royal Marsden Hospital
Fulham Road, London SW3 6JJ, U.K.
A variant of the multi-section filter and annular target geometry, with a designed angular
acceptance of t 0.5°, has been utilized in measuring accurate, 0 (5%), absolute total differential
scattering cross-sections of 60 keV photons for H2O, methyl methacrylate (C5H8O2)n and nylon-6
(C12HaO3N2)n in the angular range of scattering 2° to 10°. The effects of molecular correlations
manifest, to varying degree, in strong forward peaking of the scattered photon distribution.
Comparison is made with available experiment and theory.

* Present address: School of Physics, Unhersiti Sains Malaysia,
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Angular Correlation of Double Internal Bremsstrahlung
in the Electron Capture Decay of K Fe
J. Dobrinid
Technical Faculty, University of Rijeka,
Rijeka, Yugoslavia
N.OrUcFaculty of Education, University of Rijeka,
Rijeka, Yugoslavia
S. Kaucié, D. Kekez, A. Ljubicid
Rudjer Bõskovié Institute, P.O.Box 1016
41001 Zagreb, Yugoslavia
B. A. Logan
Physics Department, University of Ottawa,
Ottawa, Ontario KIN 6N5, Canada
The angular correlation of photons emitted in double internal bremsstrahlung associated
with the electron capture decay of MFe has been investigated. Relative emission angles ranged
from 30° to 150°. Photons from the 1 mCi source were detected in two 5 cm x 5 cm diam NaI(Tl)
counters; the sum energies of photons was in the range of 65-230 keV. Experimental results were
compared with the theoretical predictions for Is, 2s, 2p and 3p initial electron state contributions.

Experimental Studies on Thick-Targets EB Spectra
oT*P Beta Particles
Salim Ahmad
Room No. 403, INTEG (GEOPIC)
ONGC, KDMIPE Campus
Dehra Dun • 248 195 (U.P.)
INDIA
Spectral distributions of external bremsstrahlung (E6) produced by ^P beta particles in thick
targets of perspex, Al, Cu, Ag, Sn, W, and Pb have been measured in a sandwich geometry. The
contribution of EB produced along with the beta particles have been measured by magnetic field
deflection method.
The present EB spectral distribution are normalized with corresponding theoretical
distributions, due to Bethe-Heitler (Elwert), at 300 kev for all materials under study. On a
comparison of the present experimental results with those of earlier workers, it is found that while
the general trend of present results is similar to that of earlier measurements, the present results
show better agreement with theory over wider energy regions. This man be attributed to better
geometrical arrangement used in the present measurements. For low • and medium - Z targets the
agreement between experiment and theory is better in the energy range studied. In the case of
perspex with an effective atomic number of 5.85, the experimental results are consistently lower
than theoretical values. In the case of Pb and W there are good agreement up to 500 Kev and 750
Kev respectively while beyond these energies positive deviations are observed which increase with
photon energy.

X-Ray Spectral Determination by Successive
Modifications of the Beam Intensity
Raul T. Mainardi* and Raul Barrea
Facultad de Matemática, Astronomia y Física
Universidad Nacional de Cordoba
Laprída 854 - 5000 Cordoba - Argentina

A simple and practical indirect method to determine spectra from X-ray tubes, has been
developed on the basis of successive modifications of beam flux. The beam is either scattered at
different angles or attenuated by metal foils and the intensity measured by an ionization chamber.
The data is analyzed by means of an iterative program that solves a system of equations
whose unknowns define a parametric fit of the X-ray spectrum. We have checked this method with
simulated measurements of tabulated spectra, as well as with our own measurements on avaflable
X-ray aparatuses and for several different applied voltages.
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Influence of the Beam Aperture
on the Compton Line Profile
Raul T. Mainardi* and Renzo Sartori
Facultad de Matemática Astronomia y Fisica
Universidad de Cordoba
Laprida 854 - 5000 Cordoba Argentina
In most Compton spectrometers using radioactive sources, the incident and scattered beams
have a finite aperture due to the collimators hole size. This effect has not been considered
adequately as a correction to the Compton profile.
We have performed numerical simulations to generate distributions of the number of
photons scattered at different angles about a mean value. This angular response function has been
later used to deconvolute electron momentum distributions.
In order to check these results with experimental data, a spectrometer was assembled using a
high purity germanium detector and a rather weak Am 241 radioactive source. We measured
Compton profiles for water at several angles and evaluated the influence of the beam aperture
correction for each case.
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External Bremsstrahlung Spectra Excited by Sr-89 and Tl-204
Beta Rays in Some Rare Earth and Other Elements
C. R. Rao, K. Narasimha Murty, Satya Parakash* and T. Sayibaba
Department of Nuclear Physics, Andhra University, Waltair (India)
* Radio Chemistry Division Bhabha Atomic Research
(BARC), Bombay (India)
The spectral shapes of the external bremsstrahlung (EB) produced by Sr-89 and Tl-204
betarays when completely absorbed in different elements Carbon, Iron, Zinc, Molybdenum,
Tantalum, Lead as well as in several rare earth elements lanthanum,Samarium and Dysporium
covering atomic range 6-82 are measured employing a 45 C.C HPGE detector along with a TN
1700 multichannel analyser in a suitable geometrical arrangement. In the present investigation, the
difference method has been adopted to eliminate the internal bremsstrahlung from the source and
thereby determine the intensity of the EB produced in the target foil. Sufficient care is taken to
avoid spurious effects and corrections are made for several factors such as background, compton
electron distribution, geometrical and gamma-detection efficiency of the detector and absorption
-of the radiation between source and detector etc. The final distributions are compared with BetheHeitler theory. Considering the results of the EB spectral shapes in different elements produced
'by beta rays irom Tl-204 and Sr-89 it is observed that except in the case of light elements like
carbon where there is good agreement between theory and experiment, in general the experiment
is exceeding the theory, the experimental excess over theory increasing with increasing photon
energy and also with increasing z of the target element. This kind of behaviour is found to compare
favourably with most of the earlier findings. The qualitative behaviour of EB results in the case of
rare earth elements studied namely Lanthanum with the Tl-204 beta rays. Samarium, Dysporium
with Sr-89 beta rays is found to be quite similar to the behaviour exhibited by the EB results of the
different elements-C, Fe, Zn, Mo, Ta and Pb for the above two isotopes.

A New Method Tor the Direct Measurement of the
Energy Absorption Coefficient or Gamma-Rays
D. A. Bradley, C S. Chong, A. Shukri, A. A. Tajuddin and A. M. Ghose*
School of Physics, Universiti Sains Malysia
11800 USM Pulau Pinang, Malaysia
The most important primary interaction cross section of gamma radiations which is of
interest in radiation dosimetry and health physics, is the energy absorption coefficient (i of the
medium under Eiudy. Direct measurement of u

is, however, difficult and recourse is taken to

theoretical computations for its estimation. A new, simple and direct method for the determination
of lim will be reported in this paper. The method is based on paraxial sphere transmission using a
proportional response gamma detector. The bremsstrahlung originating from photoelectrons in the
absorbing medium and fluorescence radiations from shielding etc. have been suppressed by using
suitable filters. The effects of non-paraxiality and of finite sample thickness have been corrected for
using extrapolation procedures. The deviation from non-proportionality and other corrections have
been shown to be small. The measured value of /ten for paraffin has been determined as (3.3 ± 0.2) x
10"3 m^g*1. This compares favorably with the theoretically computed value of 3.35 x 10"3 n^kg'1
given by Hubbell et al.

* Visiting Scientist.

IIAverage Energy to Create an Ion Pair in Gases by Xenon,
Lead and Uranium Ions for Energies Between 3 and 5 MeV/AMU
H. Liesem
Fachhochschule Darmstadt, Schofferstr. 3, Fb. MN,
6100 Darmstadt, W. Germany
W, the average energy required to create an ion pair in gases is of great interest, both in the
measurement of dose in radiobiology and for theoretical considerations of energy deposition in
gases. Up to the present time only few data on W have been available for very heavy ions. In this
paper experiments are reported in which W values are measured in different gases for xenon
( 5 4 Xe), lead (

82 Pb)

and uranium ions (

92 U)

having specific energies between 3 and 5

MeV/amu. These ions are generated by the heavy ion accelerator UNILAC at Darmstadt.

Nuclear Fusion Between Heavy Ions by the
Gamma Ray Spectroscopy Method
P. R. S. Gomes, T. J. P. Penna
Depto. de Física - Universidade Federal Fluminense
Niterói- RJ -Brazil
R. Liguori Neto, J. C. Acquadro, C Tenreiro, P. A. B. Freitas
Instituto de Física, Universidade de São Paulo
São Paulo - SP - Brazil
We report in this contribution a series of studies of fusion reactions between heavy ions, at
energies near and below the Coulomb barrier, by the in-beam and off-beam gamma ray
spectroscopy methods. The experiments were performed at the 8UD Pelleiron accelerator of São
Paulo and the systems studied consist of targets of 4e"s>fi, MCo and ""^Zn bombarbed by 14N, 16O
projectiles {1). Cross sections as low as 0.4 mb were measured. The enhancement of fusion cross
sections at sub-barrier energies could be explained by the deformations of the target nuclei and by
the coupling of transfer channels.
The gamma ray spectroscopy method has some advantages compared with the measurement
of charged particles as the allowance of simultaneous measurements of the fusion and all the
evaporation channel cross sections, and also other reactions as inelastic scattering and transfer
channels. By the in-beam method we determine the fusion cross section by measuring the
transitions which feed the ground state of all residual nuclei. The off-beam method may be used
when the residual nuclei are unstable with half lives compatible with the measurement times. When
the residues decay by electron capture, delayed X-Ray measurements^ can also be used to
determine the fusion cross section.
The experiments are performed with one high resolution germanium detector placed at 55°
with the beam direction.
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Pion-Induced Fission of Actinide Targets
S. de Barros and I. O. de Souza
Instituto deFisica da Universidade Federal do Rio de Janeiro
Caixa Postal 68.528
21.941 Rio de Janeiro - RJ - Brazil
R. J. Peterson
University of Colorado, Boulder, Colorado 80309

Fission cross sections have been measured using Makrofol track detector techniques for
targets of 209Bi, 231Pa, 233 U, 234 U, zssUt ^ N p ,

241

Pu, and 242Pu using a ** beam of 131 MeV and %

beams of 131 MeV and 138 MeV. The dependence of the cross sections on the fissility parameter
z 2 /A shows evidence of the absorption of the pions, giving larger cross sections for K* than for JT
beams.
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Photofission Cross Sections or U-233 and Pu-239 Near Threshold
Induced by Gamma Rays From Thermal Neutron Capture
Marco Antonio P. V. de Moraes e Marilia T. F. Cesar
Instituto de Pesquisas Energéticas e Nucleares
Comissão Nacional de Energia Nuclear
Divisão de Física Nuclear
Caixa Postal 11049 - Pinheiros
01000 São Paulo - SP - Brazil
The photofission cross sections of U-233 and Pu-239 have been studied using
monochromatifc photons produced by thermal neutron capture in several materials placed in a
radial beam hole of the IEA-Rl, 2 MW pool type research reactor, in the energy interval from 5.43
MeV to 9.72 MeV. The gamma flux incident on the samples were measured using a (3x3) inch. Nal
(Tl)crystaL
The photofission fragments were detected in MAKROFOL-KG (solid state nuclear track
detector) revealed during 30 min. in a KOH (35Ç£/w) solution at 60°C. The efficiency of the
detector was obtained using a Californium-252 calibrated source and his value was (0.4323+3%).
* The tracks were counted by means a automatic spark counting.
Analysing the photofission data we have observed similarities between the cross sections
' obtained for the two samples in comparation with other authors. A structure was also observed in
the U-233 cross section near the energy of 7.25 MeV. According to the liquid drop model the
height of the simple fission barrier were determined: (5.6 + 0.1) MeV and (5.7 + 0.1) MeV for U-233
and Pu-239 respectively. The relative Cssionability of the samples to U-23S were also determined in
each excitation energy and showed to be energy independent: (2.12 ± 0.25) for U-233, and
(3.26 ± 0.44) for Pu-239.
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Fission Studies With Polarized and Monochromatic Photon Beamst
R. Bernabei*. S. d'Angelo*. M.P. De Pascale*, B.Girolami"
J.B.Martins", E.L. Moreira", J.D.Pinheiro Filho*, CSchaerf*'
OAP.Tavares", and J.L.Vieira"
•Dipartimento di Fisica, II Universita di Roma, and Istituto Nazionale di
Fisica Nucleare, Sezione di Roma, Roma, Italia
••Laboratório di Fisica dell'Istituto Superiore di Sanita, Roma
and Istituto Nazionale di Fisica Nucleare, Sezione Sanita, Roma, Italia
Centro Brasileiro de Pesquisas Fisicas-CBPF/CNPq, Rio de Janeiro, Brazü
Instituto de Fisica, Universidade Federal Fluminense, Niteroi-RJ, Brazü
Recently, in photofission studies, attention has been concentrated on the "quasi-deuteron"
region of photon interaction where photofission data have been obtained either by unfolding the
electrofission yields with a virtual photon spectrum ' or using monochromatic photons through the
tagging technique2 and positron annihüation3. The use of polarized and monochromatic LADON
photon beams in the range 30-80 MeV of the Frascati National Laboratories4 is an alternative way
of obtaining photofission data of nuclei of relatively low fission barriers.
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The present work presents photofission data for 197Au, ""Pb, and ^Bi nuclei by a polarized
and monochromatic 60 MeV LADON photon beam (total dose of ~3xl09 quanta). The detection
•method consisted of stacking 24 thin target foils of gold, natural lead, and bismuth prepared by

evaporation on thin sheets of mylar in contact with 100-pm thick makrofol fission-track detectors.
After processing, scanning, and correcting for efficiencies the cross sections a, were obtained. From
measurements by the Saclay group5 we deduced a1 - 0.089 A 0 9? mb, A > 100, for the total nuclear
photoabsorption cross section at E7 = 60 MeV.
In the figure we plotted nuclear fissility (f = a/aT)

versus Z 2 /A. Experimental points are as

follows: •, this work and Ref. 6; O, Ref.2; A, Ref. 7;D, Ref. 1; V, Ref. 3. It is seen that the data reflect
the trend of fission barrier with Z 2 /A as predicted by the current fission models.
The authors express their thanks to the ADONE staff and LADON Group of the LNF for
their efficiency in obtaining high-quality photon beams.
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Effect or Parity NonConservation in Âlpha-Radiation From
Polarized Actinide Nuclei
G. M. Gurevich, G. A. Lobov
Institute for Nuclear Research, USSR Academy of Sciences,
Moscow
New parity nonconservation effect is considered angular asymmetry of alpha-particle
emission from the decay of polarized actinide nuclei. This effect is a consequence of mixing by
weak interaction of the final excited nuclear states with equal moments and opposite parities
adjacent to the ground state of the daughter nucleus. The existence of such states is typical enough
for alpha-decay of the actinides. Arising P-odd asymmetry of alpha-particle emission is
proportional to the factor ALX describing the mixing by weak interaction Vw of the final nuclear
p

p

states with equal moments and opposite parities j and j ~

A . #.

4

jf

<i7Pivw»JrP>
E(P) - E(-P)

where L, L* (L' = L ± 1) are orbital moments of alpha-particles, E(P), E(-P) are energies of the
final states of opposite parities.
The calculations using the wave functions of states in spheroidal potential of the Nilsson
model and single- particle potentials of the standards electroweak interaction model give for parity
nonconservation effect the value 10'5 -10~\ Relatively large value of the effect for actinides can be
explained by two reasons. Firstly, matrix element of the weak interaction operator between singleparticle nuclear states is large. It is not reduced due to spreading over the large number of manybody levels as in the case of highly excited nuclear states. The second reason is connected with the
dynamic enhancement effect explained by the closeness of nuclear states with equal moments but
opposite parities (E(P) - E(-P)~10 KeV).

Measurement and Analysis or Excitation Functions Tor Some Alpha

1 -^

Induced Reactions
H. D. Bhardwaj and R. Prasad
Department of Physics
AUgarh Muslim University, Aligarh, India
Excitation functions for eighteen reactions of the type (a, xnypza) in seven targets
"•"Cu, w Nb, 12l123Sb and 1B7Au have been measured *> in the energy range 10 to 40 MeV, using the
stacked foil technique. These excitation functions have been theoretically calculated with and
without the inclusion of pre-equilibrium (PE) emission of particles. In all the reactions significant
contribution from PE-emission has been found. The pre-equilibrium contributions have been
simulated using exciton model of Griffin2*. Measured excitation functions are well reproduced by a
choice of 6-exciton state (5p, lh) for the initial configuration of the compound system and the value
| M | 2 = 430 A"3 E'1 for the matrix element | M | of the residual two body imeractions.Analysis of dat
has indicated interesting dependence of the pre-equilibrium fraction (FRJ. a measure of relative
weight of the PE-component, on the excitation energy and the target mass.
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Structural Investigations or Some Copper Complexes

'" '

By Exafs Technique
S.G.Saxena, A.I.RSinha, Rekha Govil, and K.B.Garg*,
Department of Physics, Banasthali Vidypith, (Raj.) 304022, India
Department of Physics, University of Rajasthan, Jaipur-302004
In recent years EXAFS as a potential tool for structural studies of multifarious system has
come of age. The structural niceties of even some of the high temperature superconductors have
been probed by EXAFS and XANES / I / techniques. Based on multiple scattering / 2 / , these
techniques have provided information about not only the distances of the near neighbours of the
absorbing atom but bond angles also / 3 / . Linear chain anti-ferromagnetic copper complexes of the
type CuL2Cl2, where L is a pyridine or isothiazole or 3-, 4-, 5- methyl isothiazole group have been
synthesized and studied by EXAFS technique in terms of bond lengths and bond angles.
Spectra were recorded by cooling the absorber samples to b'quid nitrogen temperature in a
locally fabricated cold finger to reduce thermal smearing and have good peak amplitude and extent
of spectrum.
Using Cu (pyridine^C^ as a model compound the bond length in case of all the compounds
has been estimated by EXAFS analysis. In Fourier transform (0(R) vs R curves), three we!
pronounced lobes appear corresponding to Cu-Cu, Cu-Cl and Cu-N distances in these compounds.
The bond lengths are in the range 2.1 A0 to 3,0A°. Also an attempt has been made to correlate the
change in the value of the bond length with the change in the position of the methyl group in
methyl isothiazole group of CuL2Cl2> In the last step bond angle determination has been carried
out using a method suggested by B.K-Teo / 3 / . These have enhanced the stereochemical
information about these compounds to a great extent.
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Measurement of Changes in Viscosity in Polymers with Gamma Ray
Dose Using Differential Viscometer
L. Santra, D. Bhaumik and S. C. Roy
Department of Physics, Bose Institute
Calcutta 700 009 India

Although some works on changes in viscosity of liquids with gamma ray dose have been
made near "gel point", very little works have been done far below gel point.1 Changes in viscosities
of different grade silicone fluids below gel point have been measured using a differential
viscor.ieter, capable of measuring change in viscosities of two liquids directly, developed in our
laboratory.2 Preliminary results on viscosity changes when irradiated with energetic a-particle will
also be reported.
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Measurements of Low Gamma Doses Through
Induced Changes in the Mean Molecular Weight of Polyvinyl Alcohol
Hasan Alsharbaty
Dept. of Physics
College of Education
University of Baghdad
Lamees A. Alabbas
Dept. of Physics
College of Science
University of Baghdad

In the present work the effect of gamma radiations from I0"3 up to 1 rad from Co^on the
mean molecular weight of PVOH has been studied. The results showed that PVOH undergone
chain scission for all irradiated samples. The damage in the mean molecular weight of PVOH with
gamma radiation dose of one rad was found to be equal to 53.73%. Two empirical formulae for
calculating gamma doses from the measurement of the intrinsic viscosities of the irradiated
polymer solutions and the calculated mean molecular weight have been achieved.

Mechanism of Charge Formation in the
Irradiated Polyethylene
V. V. Gromov, A. G. Rozno, O. V. Procopiev
Institute of Physical Chemistry of Academy of Sciences,
Leninsky Prospect, 31,Moscow, 117915, USSR

Using the acoustic wave method the electric charge distribution on high- and low pression
polyethylene was studied. It was established the correlation between the charge accumulation and
portion of crosslinking of the irradiated polyethylene. Mechanism of the electric charge
accumulation in connection with the molecular structure of polyethylene and different of polymers
are discussed.

Mechanism of Electric Charge Formation in
Irradiated Polyethylene
V. Gromov, O. Prokopyev
Institute of Physical Chemistry of the Academy of Sciences
of the USSR, Moscow, USSR

The electric charge formation in irradiated dielectrics is fundamental phenomenon resulting
from interaction of radiation with matter.
Using the pressure-pulse techniques the general mechanisms of electric charge accumulation
and space distribution in the electron and gamma-irradiated polyethylene (low and high density)
were studied.
The connections between the charge accumulation, structural and radiational defects of
polyethylene were established. Results obtained are applied for other organic materials.

On the Mechanism of Varied Irradiation-Frequency
Characteristics of Natural and Grown Quartz Crystals
Harish Bahadur, R. Parshad and B. S. Mathur
National Physical Laboratory
Hillside Road
New Delhi -110012 INDIA
Varied types of frequency characteristics are produced by 7-irradiation of grown and natural
quartz crystals. This paper suggests mechanism for these characteristics.
In natural optically clear quartz crystals the 7-iiradiation first produces a negative frequency
shift, the shift culminating in saturation for large radiation doses. This is derived to be due to
interplay of negative frequency shift produced by the ionization of aluminum centers as a result of
7-irradiation and the positive frequency shift due to crystal defects produced by extended 7irradiation, these defects being filled by electrons produced by ionization of the crystal lattice
atoms. These natural optically nuclear (in contrast to the optically clear) quartz crystals have
increased crystal defects which in conjunction with those produced by extended 7-irradiation
produce overall positive frequency shift at large radiation doses. In support of this proposed
mechanism.in case the crystal defects are deliberately enhanced enough by neutron-irradiation
prior to 7-irradiation,positive frequency shifts take place from the very beginning of 7-irradiation.
In synthetic crystals of electronic grade type, there are appreciable crystal defects which
contribute to produce a resultant positive frequency shift from the commencement of 7-irradiation.
However, if the crystals are thermally annealed prior to 7-irradiation for removing or decreasing
the crystal defects, a negative frequency shift can get produced. A practical verified application of
the above is in obtaining radiation hardening of quartz crystals as a results of controlled thermal
annealing of grown crystals (Premium Q or Supreme Q type) the frequency' shift is small and can
take varied forms; all this is as a result of small density of aluminum centers and reduced crystal
defects.
The frequency

>
effects

have been correlated with the corresponding effects on

thermoluminescence. X-ray topographs and ultra-violet irradiation.

Kinetics of The Ag° Center in Aluminium Borate Glasses
Jarbas Tavares dos Santos, Walter Maigon Pontushka
and Sadao Isotani
Instituto de Fisica da USP
CP. 20516, SP, Brazil
EPR measurements of 30 at % BaO.50B2O3.20Al2O3 glasses containing different amounts of

silver impurity, 7-irradiated at room temperature, showed the presence of Ag° and Ag*\ The Agc
decay kinetics with isochronal temperature pulses and isothermal annealing (473, 493, 513 and 523
K) were measured in glasses containing 0.1 at % of silver.
The van der Waals stabilization energies of the Ag° at the oxygen rings compared with the
respective untrapping activation energies showed 8,10 and 13 side rings, while usually 6 side oxygen
rings are found at the glass network. Thus the model based on the statement that the Ag°
recombinations could be possible through reactions favoured by diffusion of these atoms
throughout the amorphous network interstices, has been excluded.
The decay kinetics was analysed assuming that Ag° was thermally oxidated giving an electron
to the conduction band and leaving an Ag* ion. This electron can be either retrapped by an Ag*
ion or recombined with a boron-oxygen hole-center. The differential equations describing the
electron untrapping, retrapping and recombination reactions were written by assuming mono - and
bimolecular processes. The coupled differential equations were numerically solved using the
method of Runge-Kutta. The differential equation parameters were adjusted in a microcomputer
by the trial and error method. The electron untrapping constant was analysed after yielding the
activation energy (0.28±0.2) eV. In the limit of the experimental error the retrapping anc
recombination parameters were found to follow a law proportional to T 1/2 - To1/2 where To is a
parameter.

Irradiation Effects in Brazilian Beryl
Sadao IsotanLAntonio Pereira Leite Albuquerque,
Oswaldo Luis Dias and Wagner Wilson Furtado
Instituto de Física, Universidade de São Paulo,
C P . 20516,01498 São Paulo, SP, Brazü

Three species of beryl irradiated with f-rays of ^Co were studied by optical absorption
spectroscopy. One became yellow and the other two Maxixe's blue.
The yellow and one Maxixe's blue samples showed decrease of the optical absorption band of
2

Fe * at around 12,000 cm'1. The absorbance of this band is recovered on heating above 400C.
The Maxixe's blue is due to an optical absorption between extending from 14000 cm'1 to
22000 cm'1 with vibronic structure. The color is deeper for íc / / "c-axis. Polarized spectra of this
band for It l c*-axis, showed extintion for E / / c. These observations are consistent with the previous
assignment of the Maxixe's blue to the CO3-radical The isochronal decay analysis with a first order
process assumption gives for both samples, activation energy of about 1 eV and frequency factors
of about 20 x 10V and 28 x 106s'\

Annealing Kinetics of Heavy Ion Radiation
Damage in Crystalline Minerals
A. S. Sandhu, r. C. Ramola, Surinder Singh
and H. S. Virk
Department of Physics, Guru Nanak Dev University.
Amritsar-143005 (INDIA)

The process of thermal fading of the nuclear tracks is currently an object of extensive study.
Various models have been proposed in the recent past to under stand annealing kinetics of
radiation damage tracks in Solid State nuclear track detectors. In the present work, annealing
behaviour of heavy ions viz 40-Ca (15.0 MeV/n), 93-Nb (18.0 MeV/n), 139-La (14.6 MeV/n), 208Pb (17.0 MeV/n), 238-U (16.53 MeV/n), 58-Ni (15.37 MeV/n): 208-Pb (13.6 MeV/n) and 252-a
fission fragment tracks in some crystalline minerals is reported. Annealing experiments are carried
out in temperature range of 300-700°C. The value of activation energy is calculated using track etch
technique. Attempts have also been made to study the annealing behaviour using ultraviolet
absorption spectrophotometric technique.
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Radiation-Induced Room-Temperature Acoustic Loss Peaks
in Cultured Quartz Oscillator Crystals
Harish Bahadur*, Ho B. Hwang*, and J. J. Martin
Department of Physics - Oklahoma State University
Stillwater, OK 74078, U.S.A.
Recently Koehler and Martin1 reported production by irradiation of loss peaks near room
temperature in AT-cut cultured quartz oscillator crystals. We report a further investigation of these
radiation induced defects. For quartz in which lithium is the dominant alkali the loss peak occurs at
305K in 5 MHz crystals. In sodium swept material the loss peak shifts to about 335K. For Li-swept
and Na-swept crystals prepared from the same bar the 305K peak is always weaker than the 335K
peak. The lithium related peak is weakly observable in as-grown samples and the sodium related
peak is present after sodium-electrodiffusion. Both peaks grown rapidly with radiation dose usually
reaching a maximum strength around 100-150 krad. In some samples the peaks go out completely
at higher doses while they show only a small decrease in other samples. The maximum observed
strength of the peaks does not correlate with the aluminum content of the crystals; but they are
weaker in higher quality samples. Neither the 305 K Li-related nor the 335K Na-related peaks were
observed in natural quartz samples. Instead we observed a peak around 250K that seems to be the
same germanium related loss peak reported by Euler and Kahan2 in Ge-doped cultured quartz.
Thus, germanium can probably be ruled out as the alkali trap responsible for these higher
temperature loss peaks. The activation energies and jump frequencies for the lithium and sodium
containing defects will also be reported. This work was supported in part by Sandia National
Laboratories.
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Oxidation States of Cr In Solutions of Thermal Neutron
Irradiated Chromates and Dichromates
Chandra Bhattacharyya and Shankar Mukherji
Department of Chemistry, Indian Institute of Technology,
Kanpur 208 016, INDIA

Experimental measurement of the relative amounts of Cr6*, Cr3* (monomer) and Cr3*
(dimer and polymer) has been carried out in solutions of thermal neutron irradiated sodium and
potassium salts of chromates and dichromates. The irradiated salts were dissolved in IN PLSO
containing: (a) no carriers for Cr3* or Cr6*; (b) Cr3* and Cr6* as carriers, singly and together, in
milligram quantities per ml and (c) Cr3* and Cr6* carriers, singly and together, in gram quantities
per ml. For each medium of dissolution measurements were made as a function of the time period
between dissolution and separation of the three species. Short-column cation and anion exchangers
have been developed for quick and reproducible separations. The results show that the maximum
and minimum percent of Cr6* are obtained when dissolution is carried out in the presence of large
excess of Cr6* and Cr3* as carriers, respectively. These results provide base line data for reliably
estimating the degree of thermal annealing under identical conditions of analysis.

A Comparison of Lyoluminescence and ESR Techniques to Study the
Free Radical Behaviour in a Few Gamma Ray Irradiated Saccharides
Subjected to Different Heat Treatments
H. Kundu*. Tuktuk Sur, B. Mitra and S. C. Roy
Department of Physics, Bose Institute, 93/1, AP.C. Road,
Calcutta-700009, INDIA
•Presently at Geophysics Division, G.S.I., E.R., 4, Chowringhe
Lane, Calcutta-700016, INDIA
Gamma ray induced free radicals in saccharides have been studied by the lyoluminescence
(LL) method and the ESR spectroscopy, in different conditions of heat treatment approaching
melting points of these solids. The investigations aim at understanding the behaviour of the free
radicals in respect of their producing the LL yield under different conditions yjs a yjs their
qualitative behaviour in producing the ESR spectra. Some interesting results have been obtained as
the following:
It is observed that LL yield from glucose (monosaccharide), heated to various temperatures
up to 140°C (m.p.l46°C) remains unchanged. The ESR spectra show the presence of a single
species of free radical. In the case of sucrose, however, there is an appreciable increase in the LL
yield if the temperature of the irradiated materials raised up to 170°C (m.p.1860). The ESR spectra
of sucrose (disaccharide) at room temperature show the presence of at least two species of radicals,
of which the less prominent one is converted to the more prominent one on heating. The ESR
spectra of another LL phosphor melezitose monohydrate (trisaccharide) also shows the presence
of at least two species of radicals, one of which is more stable and the less stable one is converted
to the major species if the temperature of the irradiated materials is raised. It is observed that
irradiated melezitose if heated to 140°C (m.p. 160cC) for 5 minutes show a decrease in the LL
yield, although small, but gives the normal yield, as that of the room temperature, if kept at 140°C
for an hour. The results of the ESR spectroscopy and the LL studies of a number of gamma ray
induced saccharides will be critically discussed.
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Lyoluminescence Dosimetric Technique for the Study of Viscosity
Controlled Decay of Free Radical Trapping Centres in the Ice
States Formed in Melting Saccharides
H. Kundu», Tuktuk Sur, B. Mitra and S. C Roy
Department of Physics,Bose Institute, 93/1, A.P.C.Road,
Calcutta-700009, INDIA
•Presently at Geophysics Division, G.S.I., E.R., 4,Chowringhee
Lane, Calcutta-7000016, INDIA
Though mainly applied for developing tissue-equivalent dosimetric system Lyoluminescence
(LL) technique can also be used for the study of free radicals held inside the matrix of the
irradiated organic solids. The present study aims at estimating the decay of long-lived trapped
radicals in the condensed state of high temperature ice simulated in gamma ray irradiated
saccharides. The observed slow decay of such trapping centres, still held intact in the icy states (1>
shows similarity with decay of electrons, trapped in deep traps in low temperature organic
glasses*2*. The viscosity controlled decayP) is found to be similarly operable in the case of the decay
of free radical trapping-centres in the gamma ray irradiated mono-, di- and tri-saccharides,
exemplified by glucose, sucrose and melezitose, which is confirmed in the present experiment. The
high temperature icy state is simulated by melting the saccharides, in nitrogen atmosphere and
keeping the melt at their respective melting points for graded different times and then resolodified.
'LL yield is then obtained by usual dissolution of the resolidified mass. The yield is taken as
proportional to the number of free radicals, left over. The ESR studies of the materials before and
after melting (then resolidified) have also been made for qualitative estimates of the free radicals
present. The present study establishes the LL technique as a direct probe for straightforward
quantitative estimation of time of decay of trapped radicals in such condensed media.
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Thcrmoluminescent Parameters From Brazilian Calcite Glow Curve
Jose Fernandes de Lima*, Elisabeth M. Yoshimura and Emico Okuno
Instituto de Física, Universidade de São Paulo
Caixa Postal 20516, CEP 01498, São Paulo, Brazil
•On leave from Depto. de Física, Universidade Federal de Sergipe

Brazilian calcite can be employed as a thermoluminescent dosimeter of ionizing radiation,
particularly for high dose measurements. The glow curve of Brazilian calcite obtained with a linear
heating rate of 2.7°C/s consists of three peaks at 150, 250 and 350°C, in the range from room
temperature to around 450°C. All samples were annealed in air during one hour at 400°C before
irradiation with gamma rays of "'Co.
In this work the following characteristic parameters for each glow peak were determined: the
kinetic order b of the recombination process, the trap depth E and the pre-exponential factor s
associated with the localized energy levels. Methods to obtain the above parameters included peak
.shape analysis, partial heating, initial rise as well as the known theoretical equation relating E and
s.
The symmetry factors obtained for the three peaks agree with second order kinetics
indicating that ret rapping and recombination probabilities are equal. The partial heating method
showed that the three peaks are related with monoenergetic traps. The activation energies
evaluated for the glow peaks at 150, 250 and 350°C, using the quoted experimental techniques,
were respectively (1.3 ± 0.1), (1.5 ± 0.1) and (1.7 ± 0.1) eV.

Exoelectron Emission from Ion Implanted MgO Single Crystal
Jose Fernando Diniz Chubaci and Shigueo Watanabe
Institute of Physics, University of São Paulo
C.P. 20516,01498 - São Paulo, SP - Brazil
Recently, a growing interest has been dedicated to the studies of exoelectron emission (EE)
phenomena, particularly because of its possible application in the dosimetry of charged particles.
TSEE measurements were perfomed using MgO single crystal cleft (10x10x0.5 mm3) along
the (100) plane. The samples were heat treated at 1000°C during 30 minutes in N2 atmosphere and
then annealed. The TSEE measurements were carried out in a high vacuum system.
The typical TSEE glow curves for annealed and X-ray exposed samples showed prominent
glow peaks at 190°C and 430°C. Some samples were ion implanted with H + and He*-ions at
various doses and energies and the respective TSEE glow curves changed structurally. The TSEE
response increased compared with that for non-implanted samples, which indicated that the ion
implantation has created new centers which induced exoelectron emission.
The implantation of H*-ions was performed for energy varying from 70 to 500 kV and dose
varying from 1011 to 1014 H+-ions/cm2. The TSEE response increased with the energy from 70 up
"to 250 kV and decreased until 500 kV and increased from 1011 up to 1013 H*-ions/cm2 and then
decreased for 1014 H+-ions/cm2. The best sensitization result for H'-ion implantation was observed
•for 1013 H*-ions/cm2 at 200 kV. TheHe+-ions implantation was accomplished for 200 kV with 1012
and 1013 He*-ions/cm2 and 1500 kV with 1011, 1012 and 1013 He+-ions/cm2, the TSEE response was
larger for 200 kV and a best sensitization result may be observed for a dose lower than 1011 He*ions/cm2. Further studies should be done with H'-ions implanted MgO samples as well as for He 4
and other ions at different energies and doses in order to obtain a better understanding of the
effect and mechanisms of the ion implantation on crystals.
A parallel TL measurements on same MgO crystals will be discussed.

Stability of Defects and Thermoluminescence in Some Doped KCl Crystals
A. M. Mdebuka
Department of Physics, University of Fort Hare,
South África

The thermal stability of defects (interstitials) in room temperature 7-irradiated (20 Mrad fo
50 hrs) KCl: Harshaw (nominally pure), KCl:Li (1 ppm) and KCL:Na (>250 ppm) crystals has beei
investigated. Activation energy spectra, using Primak's method, indicate that band peaks in Nadoped and Li-doped sample occur around 1.55 eV and 1.57 eV respectively. This shows a shifi
towards higher energies as the atomic size of the dopant decreases.
Moharil's general order kinetics method was employed in thermoluminescence (TL) studies.
This analysis indicates that TL peaks occur at higher temperature in Li-doped samples when
compared with Na-doped and pure samples. The processes involved during TL appear to follow the
first-order kinetics. It is further deduced that TL observed should be due to defect annihilation and
at some stage during the annealing an electron-hole recombination takes place resulting in the
emission of light. Emission spectra show band peaks around 440 nm in pure, 450 nm in Li-doped
and 500 nm and 430 nm in Na-doped crystals.

Electrons Measurements in the Lower Atmosphere
Near the South Atlantic Magnetic Anomaly

Inácio Malmonge Martin, N. A. Bui Van,
ArmandoTurtelli Jr.
UNICAMP - Instituto de Física, CP 6165, 13081
Campinas - SP - Brazil
Yu. I. Stozhkov, M. I. Fradkin
RN.Lebedev Physical Institute, Moscow, USSR

Using a gas counter telescope "ICAR" we have performed in Unicamp, Campinas, SP, 15
balloons flights to measure electrons in the lower atmosphere, with energy greater than 3.5 MeV,
from January 19 to february 28,1988.
The integral electron fluxes, observed during quiet and magnetically disturbed period, are
compared.

Influence or Na-Deposition on Convoy Electron Emission
Esteban A. Sanchez**
Centro Atômico Bariloche
Comision Nacional de Energia Atômica
8400 - Bariloche Argentina

The influence of surface properties on convoy electron emission from sputter-clean Al-foil
induced by H* has been studied under ultra high vacuum conditions.
It is found that the convoy electron yield depends strongly on the Na-coverage when the
downstream surface is modified by controlled Na-deposition.
It can be concluded that an increasing yield is observed for larger work-function values.

* Fellow of the Consejo Nacional de Investigaciones Cientificas y Técnicas.
* Instituto Balseiro, Universidad Nacional de Cuyo.

IV. RADIATION IN BIOMEDICINE AND IN
ENVIRONMENTAL SCIENCE

INVITED PAPERS

Radiobiological EíTects of High-Let Particles

A. Chaterjee
Lawrence Berkeley Laboratory
1 Cyclotron Road, Berkeley, Ca 94720
USA

Energetic charged particles are now routinely available at the Lawrence Berkeley Laboratory
(LBL) compound accelerator called the BEVALAG Particles from helium through uranium can be
obtained with a maximum energy of - 1 GeV/n. For biophysical studies, the popular energy has
been 600 MeV/u and a neon particle of that energy can penetrate a range of 30 cm in water. It is
now well-known that these particles have the following biophysical properties: (i) a very precise
range-energy relation, (ii) a peak in energy deposition (Bragg peak) at the end of the range, (iii)
. much more efficient than X-rays or 7-rays in terms of inflicting biological damage. All of these
properties will be discussed with reference to specific examples and experimental data.
In addition to exhibiting the above-mentioned properties, heavy charged particles are
excellent probes to reveal many biophysical and biochemical properties of a living cell. A short
summary of important results, beginning with molecular aspects of DNA lesions (DNA strand
breaks) and ending with cell-death and carcinogenesis, obtained to date using accelerated heavy
charged particles will be presented. All of these results will be related to the microscopic pattern of
energy deposition by high-LET charged particles in a biological medium.

Environmental Radioactivity

) ^K

Merril Eisenbud
Professor Emeritus New York University Medical Center

Radioactive substances occur naturally in the environment and are also result from
industrial, research and military activities.
The largest component of human exposure, except for unusual circumstances such as the
recent tragic accident in Goiânia, is due to natural radiation. This is of both terrestrial and
extraterrestrial origin. In certain localities, such as near the monazite beaches in Brazil and India,
the terrestrial component is greatly elevated. The average person receives a whole body dose of
about 1 mSv/y(100 mrem/y) from natural sources. The lung receives a much higher dose because
of exposure to radon and its daughters.
Nuclear power plants under normal operating conditions discharge fission and activation
products to the environment in small quantities. There have been two reactor accidents that have
caused significant off-site contamination. They were at Windscale in 1957 and Chernobyl in 1986.
The accident at Three Mile Island in 1979 resulted in the escape of short-lived noble gases, but no
significant contamination of the environment.
Special care must be taken with the disposal of wastes, including the large volumes of tailings
that accumulate as a result of mining, milling, and refining. Many countries are having difficulties
arranging for disposal of high level and low level waste, but the problems seem to be sociopolitical
rather than technical.
Other sources of exposure to natural radioactivity are the increment due to high altitude air
transport, and the use of radioactive materials in consumer products, including smoke detectors,
coloring agents, and gas mantles. Astronauts are exposed to potentially hazardous charged particles
outside the Earth's geomagnetic shield.
Fallout from atmospheric weapons tests prior to 1963 continues to contribute a few about
0.04 mSv/y (4 mrem/y) to the dose received from environmental radioactivity in the Northern
Hemisphere. This is due primarily to residual Cs-137, which has a half-life of about 30 years.

Dosimetry(TLD) and Special Applications of
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Activation Analysis
C. M. Sunta, H. S. Dang, D. D. Jaiswal, R. C Sharma
D. J. Mehta and P. P. V. J. Nambiar
Health Physics Division
Bhabha Atomic Research Centre
Bombay

This paper summarizes the external and internal dosimetry studies in different population
groips exposed to thorium in India. The groups who get exposed to thorium are 1) general
population living in monazitic areas, 2) workers of monazite mining and processing industry 3)
workers of gas mantle factories. A TLD survey of general population had been carried out earlier
in the coastal monazite region of the Kerala state of India covering a population of about 75,000
persons. Internal exposures are now investigated in occupational groups by 1) direct body counting,
2) analysis of urine, blood serum, blood cells and exhaled breath. The burdens by direct counting
are measurable only in the workers of long occupational history. Special methods are therefore
developed to assess the internal contamination in different groups covering normals to those with
considerable exposure history. Activation analysis of body fluids namely urine, blood serum and
blood cells was adopted. 10-20 ml. of blood sample is sufficient for a single analysis. Using this
method base line values are determined in the normal group. These are approximately 3,8 and 20
ng/1 for urine, blood serum and blood cells respectively. Body distribution of thorium in different
organs is assessed by collecting tissue samples from autopsies. The results of activation analysis of
body fluids are compared with those of direct body counting and breath thoron analysis in a
number of workers. Increase in internal contamination with increasing occupational length is
generally observable by all the methods. The estimated body burden values are, however within the
safety limits.

Trace Element Analysis in Environmental Sciences
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Vlado Valkovic
Rudjer Boskovic" Institute, 41001 Zagreb, Yugoslavia
and
Giuliano Moschini
Laboratori Nazionali di Legnaro - INFN, Legnaro (Padova),
Italy

In order to sustain life on the planet Earth many elements are needed, some in bulk
quantities, some only in trace amounts. The consumption of energy and other human activities
mobilize large quantities of number of elements in the environment. As a result, the uptake of
trace elements by living organisms is being modified sometimes resulting in diseases.
Number of analytical methods has been developed for the study of the measurements of
elements in the environment, and their role in the living matter. Among them, nuclear analytical
techniques have given a significant contribution to the present knowledge.
In this paper the use of charged particle accelerators in trace element analysis in the field of
environmental sciences is described. Nuclear reactions, charged particle induced x-ray emission as
well as other nuclear and atomic processes can be used individually, or combined, in developing
adequate analytical systems. In addition to concentration levels, concentration profiles can be
measured, resulting in unique information.
Some examples of experiments performed are described together with the suggestions for
future measurements.

CONTRIBUTED PAPERS

Development or a Nuclear Microanalysis Method Using Electron
Accelerator
J. D. T. Arruda-Neto
Physics Institute, University of Sao Paulo,
C.P. 20516. São Paulo, SP, Brazil
We propose the use of electron accelerator for the determination of the content of actinide
(mostly 232Th, 235U and 239Pu) in nearly everything, by the use of electron induced fission tracks
analysis. We named this method "Nuclear Microanalysis with Electrons". We show that such a
method would be.under certain circunstances, of great advantage when compared to the
conventional technique of exposing the material to a thermal neutron flux where, for example, the
232

Th content cannot be determined.
Our method consists of irradiating thin samples of material (layers with thicknesses up to 10

mg/cm2 on a S/im Al backing) with monoenergetic electron beams from a Linac operating in the
energy range of 10 to 60 MeV. The electrofission tracks are detected by means of SSTD (mica,
plastic films, etc.), or with parallel plate avalanche detectors(1) (PPAD), at several electron energies
(E^. The total number of tracks N^EJ obtained can be written as N^E^ = 2(K, x, 0, (EJ, where
the K,'s are constants depending on the geometry, total irradiated charge and atomic masses M, of
the actinides present in the sample (232, 235 and 238, for example), a, (EJ is the electrofission
cross section for each actinide (previously measured at this Laboratory), and x, is its concentration
(g/cm2), which is obtained from a proper data analysis, of the yield curve ^ ( E J x Ee, developed at
this Lab.. The feasibility of this new method has been demonstrated in the determination of the
content of thorium and uranium in some brands of Brazilian cigarettes, with accuracies up to 0.1
ppm. More details and preliminary results will be presented at the Symposium.

Reference

1. J. D. T. Arruda-Neto ct al., Nucl. Instr. Meth. 190,203 (1981).

Determination of Total Fluorine in Dental Enamel
A. Mouadili, J. Vernois and D. B. Isabelle
CERI-CNRS 3A rue de la Ferollerie,
45071 Orleans Cedex 2, France
Fluorine, which is present in dental enamel at the level of few tens to few hundreds
of ppm, plays an important role in the behaviour of this tissue. In particular, it increases its
mechanical strength, decreases its solubility in acids and makes it more resistant towards
caries. Then its quantitative determination is of interest for particular studies of the dental
system. Such analysis is commonly performed using an electrochemical technique which
implies a destruction of the sample. Non destructive nuclear analytical methods have been
developed, but they allow only surface analysis, as the nuclear reactions are induced by
charged particles.
We present a nuclear non destructive method to determine total fluorine in dental
enamel by cyclotron produced high energy neutron activation. The (n, 2n) nuclear reaction
on fluorine 19 leads to fluorine 18, a pure positron emitter with a half-life of 109.8 mn. The
induced activity is determined by detecting in coincidence the annihilation photons,
reducing the physical background and allowing measurement of very low specific activities.
A fluorine standard is used for calibration.
Experimental details will be presented. The detection limit is about 10 ppm, while
the reproducibility is better than 95%.

Daily Intake of Uranium From Food and Water

I

in Utah Population of the U.S.A.
Narayani P. Singh, David P. Burleigh, Herbert M. Ruth,
Lymon Condie*, and McDonald E. Wrenn
Environmental Radiation & Toxicology Laboratory
University of Utah, School of Medicine,
Salt Lake City, Utah 84112 USA
Uranium is accumulated in the human body by ingestion through food and drinking water,
and inhalation of dust particles. Once the equilibrium is attained in the human body, the total
excretion (urinary and fecal) of uranium is equal to the daily intake of uranium. Daily excretion of
uranium was determined in twelve subjects ranging in age from early 20's to 60's, who were normal
in kidney function and free of any indication of complicating pathology. These subjects collected
the 24 hour total output of both urine and feces each day for seven days. The concentration of
uranium isotopes in urine and feces were determined by a radiochemical procedure developed by
Singh et. al. utilizing solvent extraction and alpha-spectrometry.
The results reported in following table indicate that the total excretion varied considerably
from day to day for all subjects. The average uranium excretion for the eight subjects ranged from
2.77 ± 0.65 /ig/day to 8.69 + 2.03 fig/day with the overall average of 5.67 ± 0.65 pg/day. The total daily
Total 238 U (Fecal and Urinary) Excretion/Day (ug)
4
Day
1
2
3

5

6

7

Meant S.E.

Subject

A
B
C

D
E

F
G
K
t
tt

N.D.t 1.95
7.25
3.00
8.21
N.D.
8.68
S.L.
16.12 14.95
N.D.
6.57
S.L. 13.32
5.02
6.25

5.80
3.84
1.37
6.26
5.79
5.51
6.73
10.83

1.38
1.81
S.L.tt
5.57
10.79
N.D.
N.D.
5.26

2.17
2.95
3.94
3.19
7.00
5.23
4.75
N.D.

3.21
2.13
N.D.
6.65
5.38
5.59
5.24
2.91
3.22
2.95
N.D.
S.L.
4.88
6.96
N.D.
4.42
Overall Average

2.77
4.25
4.90
5.31
8.69
5.77
7.33
6.35
5.67

0.65
0.90
1.12
0.87
2.03
0.41
1.57
1.16
0.65

N.D . = No Defecation
S.L. = Sample Lost during radiochemical determination

excretion of uranium is an estimate of the total daily intake of uranium. Since daily intake of
uranium from inhalation is very low (0.0042 Mg/day), most of the daily intake should be from food
and drinking water. These results suggest that the average daily intake of 5.67 ± 0.65 Mg in
population is much higher than the reported daily intake of uranium in other populations of the

United States. To estimate the daily intake of uranium through food and drinking water separately,
the concentrations of 238 U and 234 U were determined in drinking water from 12 different locations.
,The average concentrations of ^ U and ^ U were found to be 0.48+0.30 pCi/L and 0.80 ± 0.20
pCi/L, respectively. Assuming daily water intakes of 1 liter and 1.63 liters as reported in the
literature, the average intake from food alone was 4.22 ± 0.65 Jig/day and 3.30 ± 0.65 /ig/day,
respectively.
* Health and Environmental Research Lab, U.S. E. P. A., 26 St. Qair St., Cincinnati, OH 45268.

Analysis of Aerosol Samples from Local Atmosphere
in Mexico City
F. Aldape and R. Maggi
Instituto Nacional de Investigaciones Nucleares
Apartado Postal 18-1027
Col. Escandon,Del. Miguel Hidalgo
11801, Mexico, D.F.
F. Jimenez
Instituto Politécnico Nacional
Escuela Nacional de Ciências Biológicas
Lab. de Radiaciones
Mexico, D.F.
Aerosol samples from local atmosphere in Mexico City have been collected both with an
integral sampler and a six stages single jet cascade impactor, which is a slightly modified version of
the Battelle design. The cascade impactor was built in the Nuclear Centre of Mexico. The majority
.of the samples have been collected weekly since January of this year, some others have been
collected daily every 6 hours during a whole week.The aerosol sampling site selected for the
.present study is located in a national park close to one of the main freeways and adjoining a
residential area. The aerosol samples have been analysed by measuring the X-rays induced by
proton bombardment on the sample (PLXE). Here we present some first results of these samples
obtained under the referred technique using a 3 MeV proton beam from the Tandem Van de Graff
accelerator of ININ. Namely the elements that are present in the aerosol, the temporal variation in
elemental concentration during springtime and the temporal variation in elemental concentration
over periods of 6 hours in a whole wintertime day.

Effect of Motor Exhaust on the Distribution of Trace Elements
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in Mouse Organs: A Study Using Energy Dispersive X-Ray
Fluorescence Technique
Sudhir Kumar, Surinder Singh*, M. L. Garg*
D. Mehta», Ninnal Singh', P. C. Mangai and P. N. Trehan
Biophysics Department, Panjab University, Chandigarh-160014, INDIA
•Physics Department, Panjab University, Chandigarh-160014, INDIA
The effect of the motor exhaust on the distribution of trace elements in mouse organs has
been studied using energy dispersive X-ray fluorescence technique (EDXRF). Animals were
divided into two groups. One group of animals was kept in a chamber and given motor exhaust for
three months. An other group of animals was kept under identical conditions but without motor
exhaust and served as control. The level of air particulates in the chamber was monitored by
drawing the air at regular intervals through Millipore filter paper. After three months the animals
from both the groups were sacrificed and seven organs/tissues namely liver, kidneys, lungs, brain,
femur, packed blood cells and blood plasma were taken and analysed for trace element distribution
,by EDXRF technique using 22.6 keV X-rays from Cd-109 as exciting radiations. Seven elements
viz. K, Fe, Cu, Zn, Br, Rb and Pb are detected in all the organs/tissues. Four additional elements
.namely Ca, Ni, Sr and Mo are detected in some of the organs. In the air particulates three elements
namely Br, Y and Pb are detected. The concentration of Pb in all the tissues of control animals
except in brain and plasma are below the detection limits. The concentrations of Pb and Fe in all
the organs/tissues are significantly increased following exposure to motor exhaust. The
concentrations of the other elements remain unaltered. The maximum concentration of Pb is found
in lungs followed by that in liver, kidneys, femur, brain, packed cells and plasma. It has been
reported that the level of Pb in iron deficient animals is increased. It is likely that exposure to the
'motor exhaust, leading to the increased level of Pb, invokes body responses and hence body
autoregulation comes into play, leading to an enhanced level of Fe in the body to counteract the
effects of Pb. Concomitant increase of Fe and Pb concentration in the exposed animals further
indicates that Fe deficiency may lead to worse effects of Pb pollution in the motor exhaust exposed
human population.

Effect of Automobile Exhaust on the Distribution of Trace
Elements Particularly Pb and Its Modulation with Cu, Zn and Fe
Supplimentation • Using EDXRF Technique
Sudhir Kumar*, Surinder Singh, R.R. Garg, D. Mehta, M.L. Garg,
Nirmal Singh, P. C. Mangai* and P. N. Trehan
Department of Physics, Panjab University, Chandigarh-160014, India
*Department of Biophysics, Panjab University, Chandigarh-160014, India
The health effect of automobile exhaust have been a focus of intensive research partly due to
the presence of Pb in it. Pb is a toxic element, which is added to the petrol in the form of tetra-alkyl
lead to increase the efficiency of the engine. The effect of Pb on the human health is a matter of
serious concern. In the present study the accumulation of Pb in the body system and its modulation
following Cu, Zn and Fe supplimentation has been studied using energy dispersive X-ray
fluorescence (EDXRF) technique.
127 male albino mice were divided into two groups. One group was kept as control and the
other group was exposed to automobile (petrol) exhaust. These two groups were further subdivided into four groups, out of which three groups were given Cu, Zn and Fe separately through
drinking water. The level of suspended paniculate matter in the area, where the petrol exhaust was
given, was monitored at different time intervals. Only two elements namely Pb and Br were
detected in the exhaust particulate. Three organs namely liver, kidneys and lungs of all the groups
were taken and analysed (1) using 22.6 keV photons of 109-Cd as incident photons. Eight elements
namely K, Fe, Cu, Zn, Br, Rb, Mo and Pb are detected in these organs. The concentrations of Fe
and Pb are found to increase significantly. The maximum concentration of Pb is found in lungs
followed by liver and kidneys. The percentage change in the concentration of Pb is decreased and
that of Fe is increased significantly in lungs of the animals given Cu, Zn and Fe in drinking water.
In kidneys, the significant decrease in the Pb concentration is observed only in the Fe-supplimented
animals, whereas in liver it is found in the group given Zn in drinking water. The results of present
studies suggest, that Fe followed by Zn and Cu, plays an important role in Pb-metabolism.
Reference
1. M. L Garg, J.Singh, H. R. Verma, N. Singh, P. C. Mangai and P. N. Trehan, J. Phys. B: At. MoL Phys. 17
(1984) 577.

Diabetes and Trace Elements
M. Koulmanda,
The Walter and Eliza Hall Institute of Medical Research,
Royal Melbourne Hospital, Melbourne, Victoria 3050, Australia
and

M.A.Chaudhri
Department of Medical Physics, Austin Hospital
Heidelberg 3084, Melbourne, Australia, and the
University of Melbourne, Melbourne, Australia
In order to investigate any possible role of trace elements in diabetes, we have compared the
trace elements composition of blood from experimental animals, before and after they were made
diabetic.
Thirty BALB/c adult females, 6-8 weeks old, were used in this study. About 100/ri venous
blood was taken from each of the mice and its trace element composition measured with WaveLength Dispersive XRF. Later on, the mice were made diabetic by an intravenous injection of
Streptozotocin (250 mg/kg). Two and three weeks after the injection, the mice were confirmed to
,be diabetic by the glucose test. Trace element composition of their blood was also studied in the
same way as mentioned above.
It was observed that P and K were higher, and Mg, Cl, S and Fe were lower in diabetic mice.
For other elements also measured, such as Cu, Zn, Rb, there was no significant difference in the
concentration.

Trace Elements Contents of Human Fetal Liver of
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12-22 Weeks Gestation
M. A. Chaudhri,
Department of Medical Physics, Austin Hospital,
Melbourne, and University of Melbourne, Australia;
M. Koulmanda,
The Walter and Eliza Hall Institute ot Medical Research,
Melbourne, Australia;
M.T.Haukka,
Department of Geology,
University of Melbourne, Melbourne, Australia;
and
N. Noorbakhs,
Department of Medical Physics, Austin Hospital,
Melbourne, Australia
There are many papers in the literature on the trace elements contents of fetal livers of 20
weeks gestation time and over. However, there is very little information on this subject for fetal
livers of less than 20 weeks gestation. We have initiated a programme on the measurement of trace
elements in fetal livers of 12-22 weeks gestation, using thick-target X-ray fluorescence analysis.
The liver samples were obtained from freshly aborted fetuses. After removing blood from the
samples, they were chopped into small pieces and freeze dried. The resulting material was ground
into fine powder and compressed into 3 mm thick pellets with boric acid backing. A similar pellet
was also made of N.B.S. • Bovine Liver, which was used as the standard for calculating the absolute
concentrations of different trace elements.
The measurements were carried out using a commercial Wave-Length-Dispersive XRFSystem. Different X-ray tubes were used for different sets of elements in order to maximize the
detection sensitivity. The results are compared with those of fetal liver of longer gestation and
adult livers.

Zinc Analysis in Hair Samples of Mentally Sick Males and Females
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D. L. Sastry, C. V. Raghavaiah, N.Venkateswara Rao,
G. Satyanarayana, G. Sreekrishna Murty, M. V. S. Chandrasekhar Rao
and S. Bhuloka Reddy
Swami Jnanananda Laboratories for Nuclear Research,
Andhra University, Visakhapatnam-530 003, A. P., India
Zinc analysis of human head hair samples was performed employing a high resolution
(FWHM= 160 eV at 5.9 keV) Energy Dispersive X-ray Fluorescence spectrometer which includes
a micro processor. The system was standardized using the known levels of Zn samples and the
detection limit for Zn is found to be of the order of 1 ppm over a thousand second period of
collection of data. The Zn analysis was performed in 155 mentally sick male patients and 40 female
patients together with controls each of 100. The hair samples were thoroughly washed and ashed
and the ash was taken on a backing of a cello tape. Each sample was excited with the help of a low
power X-ray tube at a voltage of 25 kV and a current of 100/iA. The 8.64 keV K-characteristic X-ray
line of Zn in each sample was identified and its intensity was determined. The intensities were
converted into concentrations with the help of the calibration of the system. The following results
were obtained.
Mean level of Zn in mental male samples = 53.3 ±2.6 fig per mg of ash
Mean level of Zn in normal male samples = 28.4+3.5 fig per mg of ash
Mean level of Zn in mental female samples = 29+2.5 /ig per mg of ash
Mean level of Zn in normal female samples=32.5+7.5 fig per mg of ash
The above results show that the Zn levels in male mental patients are higher than that in
normals, while no statistically significant variation is seen between normals and mental female
patients. The results will be discussed.

Trace Uranium Analysis by Isotope Dilution Alpha and Mass
Spectrometry and Comparison with Other Techniques
H. M. Shihomatsu and S. S. Iyer
Laboratory of Nuclear and Isotope Geology
Departamento de Processos Especiais
Instituto de Pesquisas Energéticas e Nucleares
Caixa Postal 11049 • CEP 05508 - Sao Paulo • Brazil
In the present work a single isotope diluent

233

U has been employed in the accurate

determination of uranium by isotope dilution mass spectrometry (MSID) and alpha spectrometry
(ASID). The results obtained on geological samples showed a total precision and accuracy of the
order of 0,5% to 1% in MSID and 1% to 2% for ASID respectively for uranium concentrations in
the range of 2 to 4000 ppm.
A new technique of MSID with the addition of two tracers i 2 3 ^ and

235

U) was also

developed, which offers a great advantage of providing two independent values for the
concentration of uranium in single dilution by which jt is possible to evaluate the chemical
procedures adopted. The precision obtained for the two values in same dilution is of the order of
0,5"^ for all the samples.
The accuracy of the each isotope dilution technique is discussed based on the determination
of the uranium in the same samples applying other techniques like X-ray fluorescence and
instrumental neutron activation.
The techniques can easily be adopted to environmental samples with a little modification in
the chemical procedure.

The value of Pb-210 Research in
Global Biogeochemical Cycles

Farid El-Daoushy
Department of Physics
Box 530, S-751 21 UPPSALA, Sweden

An extra amount of Pb-210, unsupported Pb-210, is continuously added to peatlands, lakes,
oceans, polar and glacial ices, and soils through the atmosphere. Rn-222, emanating from lands,
decays to Pb-210 and after a short residence in the atmosphere, about a week, is introduced either
directly or indirectly to various aquatic systems. Unsupported Pb-210 may, however, be created in
aquatic bodies with high Ra-226 content. In addition to this unsupported Pb-210 an in situ
produced Pb-210, supported Pb-210, accumulates in aquatic deposits such as sediments, peats, soils
and ices. The unique "global cycle" of Pb-210 (Fig. 1) allows most atmospheric and aquatic species
. to undergo analogous biogeochemical pathways before being deposited and preserved in
permanent sinks. Beside its chemical identity as a heavy metal the Pb-210 is a radioactive nuclide
with c 22J y half-life time.These properties make Pb-210 not only a good dating tool for deposits
up to 150 y but also a suitable atmospheric and aquatic tracer of aquatic deposits and associated
reactive components.
The applicability of Pb-210 in dating lacustrine, estuarine, coastal marine sediments as well
as peat and ice deposits would be presented. Its use, primarily in Scandinavia, to monitor the
history of atmospheric pollution such as heavy metals and acid rain as well as land-use induced
perturbations in lakes would be described. In these studies several other chronological tools such as
• Cs-137, magnetic measurements, moss-increment

dating, C-14,

X-rays, historical and

environmental events, and pollen horizons were utilized to examine the deposits analyzed.
Future applications of the Global Biogeochemical Cycle of Pb-210 in earth and
environmental sciences would be discussed.
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Fig 1. The Pb-210 global cycle and related enviromental and chronological studies. Capital
letters denote possible sources of Pb-210 and pathways through which Pb-210 as well as
enviromental remains, small letters, are conveyed to "permanent" sinks: soils; lakes; peatlands;
marine coasts; global and polar ices. Numbers refer to processes influencing remobilization and
mixing near various aquatic and atmospheric boundaries. Letters and numbers are confined to
essential enviromental features because of limited space in the figure. Radon-222 exhalation from
the lithosphere "A" and its subsequent decay to PB-210 are given in Fig 1. Their short residence in
the atmosphere allow regional mixing with other volcanic and artificial remains ejected "A,a" as
well as cosmogenic nuclides produced. "A" may also represent airborne non-cosmogenic redioactive
nuclides of natural or artificial origin which could be investigated or correlated with Pb-210. "a"
means chemical waste from power stations, vehicles, chemical industries and volcanic activities.
After being transported and mixed by various atmospheric processes (1) the atmospheric materials
A,a are brought to different aquatic and ice reservoirs by dry and wet fallout "B,b". 8 and b patterns
are dependent on meteorological conditions. Through pathways of surface waters several

biogeochemical interactions with forest soils, farming and mining lands modify the water quality
before reaching ground-waters, rivers, parts of peatlands, lakes and marine coasts.Mining (H,h),
farming (C,c) as well as other land-use waste may reach rivers and lakes via drainage areas. River
(Djd), groundwater (F,f) and land-eroded materials (G,g) are discharged to lakes and marine
coasts. These aquatic systems may receive direct remains (I,i) from power plants (fossil-fuel and
nuclear), industrial and urban activities. The physical, chemical and biological remains are then
deposited, mixed/mobilized (2, 3 and 4) and ACCUMULATED. Certain chemical and radioactive
species (E,e) may diffuse because of concentration gradients, red/ox or pH conditions (3).

Particle Size Distribution in Monazite Dust
K. M. D. Cunha, S. M. Carvalho
Instituto de Radioprotecao e Dosimetria
C. V. Barros Leite, G. B. Baptista, A. S. Paschoa
Departamento de Fisica
Pontifícia Universidade Católica do Rio de Janeiro
Airborne dust particulates containing thorium and uranium were found in the grinding room
of a monazite separation plant. The size distribution of these particulates were determined by using
a six stage cascade impactor as sampler. This sampler collects particulates with sizes within a range
from 0.5 to 16 pm. The particulates collected in each stage of the sampler constituted a matrix that
was analysed by particle induced X-ray emission (PIXE) technique to determine thorium, uranium
and other elements using a 2 MeV proton beam, 4 mm diameter, and 50 nA current, from a 45
MV van de Graaff accelerator. The lower detection limits for thorium and uranium were around
3.5 ng. Taking in account that: (i) in dust particulates collected in the separation plant the ratio
23

*Th/238U is typically 18; (ii) the zfâTh and ^ U masses are dominants in their respective natural

radioactive series; and (iii) 23*Th and ^ U are usually trapped in the same crystal, the paniculate
size distribution for 232Th and ^ U were considered to have the same shape for both mass and
activity. As a consequence, the mass median aerodynamic diameter (MMAD) and the activity
median aerodynamic diameter (AMAD) were the same for both 23aTh and 238U, and equal to 1.15
/im with a geometric standard deviation of about 2.0. The average 232Th activity concentration in
the air was 17 mBq/m3 over 14 collected samples with a range from 5.7 to 26.2 mBq/m3.This
average 23iTh concentration will be examined vis-a-vis the ICRP recommendations.

Determination of the Counting Efficiency of Phoswich
Detectors Tor the Assessment of Internal Contamination in Lungs and Lymph
Nodes by Using a Mathematical Model
Righetti, M. A.; Hernandez, D.; Spano, F.
Comision Nacional de Energia Atômica
Argentina
In the assessment of internal contamination by inhalation of class Y nudities (i.e. Pu-239 and
Am-241), the early counting with phoswich detectors assumes that the body burden is fully located
in lungs. Nevertheless, as clearance takes place through the lymph nodes, it becomes clear that
these organs must be included in the calibration factor in order to avoid errors in subsequent
determinations.
A mathematical model, based upon the Montecarlo method, applied to the photon transport
in a MIRD-V phantom which includes these organs, allows the estimation of the calibration factors
for burdens in lungs, lymph nodes, and lungs plus lymph nodes. In addition, when considering
burden in both organs, it allows the analysis of the variation of the calibration factor for different
ratios of activity in such organs.
This paper describes the modified MIRD-V phantom, the mathematical model used, and a
comparison with a physical model for the Am-241 burdens in lungs and lymph nodes. The obtained
results show that the efficiencies estimated for the 17 and 60 KeV regions by using the
mathematical model are in good agreement (differences less than 15%), with those corresponding
to the physical model

kb*
Trace Uranium Concentration in Domestic Water By SSNTD Technique
i

V. Bansal, R. K. Tyagi and Rajendra Prasad
Department of Applied Physics,
Z. H. College of Engg. & Tech.,
Aligarh Muslim University Aligarh • 202002, India
Uranium is the heaviest and toxic trace element present in almost all minerals, rocks, sands
and soils etc.. Its concentration in few ores is found to be considerably large, while its average
concentration in earth's crust is estimated to be 4x10"*%. All these sources come in contact with
water and uranium is transferred to it by leaching action. Transport of uranium also takes place by
runoff fertilizers from land to fresh water systems. Uranium decay series products such as radon
and its daughters add towards natural radiation in environment
The fission track registration technique using evaporation method with Melinex-O plastic
track detector was applied to determine the uranium concentration in water samples of domestic
water sources collected from different states of India. A known volume of water was placed on a
circular disc of Mttinex-O plastic and allowed to evaporate so that a thin film of non-volatile
constituents including uranium was left on the disc. To make a pellet this disc was covered with
another similar disc of Melinex-O plastic. The pellets along with standard glass dosimeter of known
uranium concentration were sealed in an aluminium capsule and irradiated with thermal neutrons
from APSARA reactor, Trombay, India. Melinex-O discs were separated and etched for 90 minutes

in 6N NaOH solution at 6Q°C. Resulting fission tracks were counted in the surface area of the
droplet on the detector. The thermal neutron flux was found by counting the tracks in irradiated
standard glass after etching it in 48% HF at 23°C for 5 seconds. Uranium contents in different type
of domestic water sources were found to vary from 0.6 to 19 (ig/l

Uranium Contents in Soil and Plants
A. Azam and Rajendra Prasad
Department of Applied Physics, Z. H. College of Engg. & Tech.
Aligarh Muslim University Aligarh - 202002, India
Uranium is trace constituents of organism and its concentration in organism varies in a wide
range. Its toxicity in plants may result in variation of colour in flowers, presence of abnormal fruits
and increase in chromosomes of nucleus stimulation. U-content of plants depends on the trace
element amount in the soil and the water where it is grown.
The soil and plant samples were collected from different places across the rivers in India.
Samples were collected from the bank as well as some distance away from the bank to study the
possible contribution of water in raising the U-content of the river bank as it might transport
uranium from some distant source. Soil samples were grinded properly and sieved through a 100
mesh sieve. Plant samples were first dried in an oven at 150°C for 24 hrs. and then fused in a
contamination free silica crucible in a furnace at 700°C for 2 hrs. The plant ashes were sieved
through 100 mesh sieve after grinding it. A homogeneous mixture of the powder and methyl
cellulose in the ratio 1:2 by weight was pressed into a flat pellet of about 1.3 cm diameter by pellet
making machine. Each pellet was sandwiched between two Melinex-0 detector pieces of the same
size. Several such sandwiched pellets along with standard glass of known U-content were packed in
an aluminium capsule and sealed tightly. The assembly was irradiated with thermal neutrons from
APSARA reactor for one hr. at a nominal flux of 2xl012 n/cm2/sec. After irradiation detector
pieces were etched in 6N NaOH at 60°C for 90 min and the track densities were determined by
counting with an optical microscope. Neutron flux was found from standard glass dosimeter. Ucontent of soil samples were found to vary from 0.023 to 0.430 ppm and in plant samples from 0.026
to 0.206 ppm. It was also observed that the U-content in soil samples of the bank had higher va'ue
those from some distant places. It may be due to runoff phosphate fertilizers.

Densitometry in Medical Radiation Physics:
A Nigerian Experience
C. E. Bassey, B. Cs., M. Sc., MNIP, MNAMP
Department of Physics, University of Ilorin, Ilorin, Nigeria

A recent survey conducted in most of the University Teaching Hospitals in Nigeria reveals
the non-availability of a densitometer, a valuable instrument for film badge dosimetry and
radiology quality control measurements, thus necessitating the design and construction of one using
the available materials.
It has a 12V accumulator as a power source, an automobile bulb as a light source, a CdS
photoconductive cell as its light detector, an optical system, and a milliammeter as its recorder.
Experiments have been performed to check the spectral sensitivity of the photocell to the spectral
distribution of the light source and to ensure the stability of the light source, power source and
electronic components. The calibration is such that the optical density is read directly on the
recording meter, while the maximum readable density is 2.
The instrument has been used in conjunction with other test devices to check the kVp
calibration of a diagnostic range X-ray machine in the University of Ilorin Teaching Hospital and
found satisfactory. Further developments and use of the instrument for personnel monitoring and
in Radiology Quality Assurance Programme is proposed.

Comparative Study on Calibration Methods Tor
Detectors Used in Neutron Radioprotection Dosimctry
Amo Heeren de Oliveira1; Eugênio Del Vigna Filho2;
Ivonne Herbaut3
Detectors response to neutron beams from two sources (239Pu-Be and

241

Arn-Be) was

studied. A comparison between two methods of calibration was made and also measured the
contribution of diffused neutrons to the total as function of different irradiation conditions.
Commercial detectors with different characteristics and geometries were tested. They were a
BF3 counter (STUDIVIC), two 3He counters (NARDEAUX and BEFIC) and a proportional
counter fílled with tissue equivalent gas (LET 2). The calibration methods employed were the
shadow-cone and a semi empiric one. Measurements were taken in an irradiation room totally
open, with neutrons scattering only on the floor, and in a small room, with scatter on all the walls.
Results shows that for source to detector distances between 120 and 200 cm, response was
28^c to 47% higher in the small room than in the large room. These differences were dependent on
the type of detector employed. When the experimentally shadow-cone method was used, response
became independent on detectors geometry and type and on irradiation conditions.
Because the shadow-cone method was limited to distances larger than 120 cm, it was derived
a semi empiric method of calibration, which allowed measurements at distances between 20 and
120 cm.

1. Lab. Dosimetria - Dcpto. Engenharia Nuclear • EE/UFMG/Brasil
2. Lab. Biofísica • Depto. Fisiologia e Biofísica - ICB/UFMG/Brasil
3. Centre d'Etudes Nuclcaircs de Grenoble • France

Personnel Dosimeter Intercomparison at Latin American Level
E. Stuardo, C. Oyarzun, A. Palma, H. Penaloza
Laboratório de Metrologia de Ias Radiaciones Ionizantes (LMRI)
Comision Chilena de Energia Nuclear
CP. 188-D Santiago, Chile
Personnel dosimeter intercomparisons were perform, for the first time in Latin America,
during 1986 and 1987 within the frame of ARCAL-IAEA Program. The study was aimed to
evaluate the comparison degree of doses determined by the laboratories in the view to improve the
quality of the dosimetry services of each involved country.
The results of the intercomparison carried out from September 1986 to April 1987 by the
LMRI, CCHEN, are reported herein.
Following the chronogram and protocol of the intercomparison the representative dosimetry
laboratories of 7 countries sent each 15 dosimeters (Film or TLD) for standard irradiation. Of this
total, 3 were kept as blanks, 6 were irradiated, free in air, with 221 kV (HVL 2 mm Cu) X Ray at
standard exposure doses of 2,6 x 10"5 C kg'1 and 10,3 x 10'5 C kg and the remaining 6, irradiated
with Cs-137 at identical doses. A PTW system with 36 cc transmission chamber and 0.6 cc NE
chamber, calibrated with NPL 2560 standard, were used for monitoring.
From the analysis of results the following conclusions can be done:
• 4 Laboratories presented from 8 to 70% of their evaluated doses, beyond the accepted limits for radiation
protection purposes (+ 50%, - 30% of reference value).
• Among such anomalous results an underestimated value between • 32% and 45% for X ray was detected.
• Only one laboratory showed all results within a 10% of the reference dose.
Finally an overall analysis of the results and the projection of personnel dosimeter
intercomparisons at Latin American level are also made.

Interpretation of the Increase in Biological Effectiveness
Observed for Some Ionizing Radiations at Low Dose-Rates

D. E. Watt and Clare E. Sykes
Department of Physics and Astronomy
University of St. Andrews
St. Andrews, Fife,KY16 9SS
Scotland U.K.

Experimental observations that the biological effectiveness increases with decreasing doserate, for some of the ionizing radiations but not for others (the so-called 'reverse dose-rate effect'),
has important significance in radiation protection and for tests of the interpretive value of
radiation damage theories.
A model of radiation action under development in this laboratory predicts such an increase
for protons, neutrons and heavier particles; no increase for heavy particles in the saturation region
• of damage and no increase for photons and electrons. This is qualitatively consistent with the
experimental results that have been reported in the literature.
The experimental data will be correlated to enable a critical appraisal to be made of the
model. Results will be presented and proposals made concerning the physical basis of the damage
mechanism and the consequences in radiobiology and radiological protection.

1-SPC as a Model for Studying 7-Ray Induces Damage in
Lipid Membranes: 1) DSC and EPR Results on Non Irradiated Samples
C. Giori and G. Schianchi
(Istituto di Scienze Fisiche dell'Universita, 43100 Parma - Italia)
G. Erriu, S. Onnis, P. Randaccio and N. Zucca
(Istituto di Física Medica dell'Universita, 09125 Cagliari - Italia)
1-SPC (1-StrearoyUysophosphatidylcholine) is possibly the most interesting new molecular
species formed in gamma-irradiation of DSPC (distearoylphosphatidylcholine) liposomes in excess
water.
1-SPC assumes at low temperature a lamellar structure, while at high temperature the
micellar one is preferred. The micellar-lamellar transition, occurring when temperature is lowered,
is known to feature a noticeable supercooling. Therefore, it has sometimes been observed that only
a prolonged annealing at suitable temperatures permits to restore the lamellar structure. By the
DSC technique, we show instead that it is sufficient to lower the sample temperature below the
freezing point of the water contained in it, for obtaining a fast and total restoration of the lamellar
structure.
Our EPR results demonstrate that the spin label TEMPO can be used not only to
characterize transitions among distinct lamellar structures, as it was the case for DSPC, but also
lamellar-micellar transitions. The EPR spectrum shows a superposition of two resonances due to
TEMPO dissolved within the lipid and the aqueous phase - resonances that are however poorly
resolved. The deconvolution results evidentiate that the lamellar structure does not show any
important variation up to the temperature where the transition begins. On the contrary, the
micellar structure shows a sensible and progressive evolution with increasing temperature, likely
due to the growth of the lateral disorder of the acyl chains.

1- SPC as a Model for Studying 7-Rays Induced
Damage in Lipid Membranes.
2) DSC and EPR Results on Irradiated Samples
G. Erriu, M. Ladu, S. Onnis, P. Randaccio and N. Zucca
(Istituto di Física Medica dell'Universita, 09125 Cagliari - Italia)
G. Giori and G. Schianchi
(Istituto di Scienze Fisiche dell'Universita, 43100 Parma - Italia)
The irradiation of 1-SPC dispersions in excess water induces in the lipid phase important
permanent structural modifications that begin to show up at relatively low doses, say, at least two
orders of magnitude lower than those at which these phenomena take birth in DSPC bilayers.
The calorimetric curves during heating runs exhibit a thermotropic transition much more
complex than for non irradiated samples. In particular the transition temperature range
broadening, as well as the showing up of secondary transitions at higher temperature, is
increasingly evident with growing dose.
EPR experiments on the same samples confirm the calorimetric results and give further
information on the radiation induced damage. Actually, the deconvolution of EPR spectra into two
•components, due to TEMPO partition between lipid and aqueous phase, evidentiates the following
points: a) the structure of the lipid phase, examined below the transition temperature, does not
show any change independently of the dose. This is to say that, like in non irradiated samples, that
phase is practically impervious to TEMPO, b) The structure of the lipid phase beyond the
transition looks, even for the lowest dose employed, quite different than the structure of non
irradiated specimens, and does not seem to change appreciably with the dose, c) At the highest
doses, the evolution from the low-temperature structure to the high-temperature one seems to
* consist of a succession of partial transitions. This fact could be due to the presence, beside the
micellar and lamellar structures unmodified by radiation, of new structures, that do involve
radiation products.

On Mechanisms of Interaction High-Enthalpy Plasma
Flow and Radiation with Biological Tissues
Y. I. Brekhov, A. V. Pekshev, Yu. S. Protasov,
N. I. Suslov, S. I. Tartynsky
(Moscow Bauman Higher Technical School, 107005, Moscow, USSR)
The formation of the thermal change region (TCR) in the surface layer, represented by
characteristic zones is a distinctive feature of the effect of concentrated plasma flows and radiation
upon the surface of biological tissues. The size and structure of these zones are determined by
operation conditions and type of effect (laser radiation or plasmic flow).
When the surface is heated up above the boiling point of the tissue liquid, the evaporation
limit of the liquid phase is in the depth of the biotissue, with structural changes goint on above it
that are due to pyrolytic reactions and result in the charring of the surface layer and its destruction.
The heated layer undergoes phasal and structural transformations, changes in the chemical
composition, separation of heating temperatures of the remaining frame and steam, formation of
pores by heated steam and mechanic deformation of the frame. As a result of structural and phasal
transformation spasmodic changes occur in thermophysical characteristics of biological tissues.
In this case thermal flows created by various sources are found not to be additive and are
heavily influenced by physical and chemical conditions of the surface, temperature jumps,
pulverization of the surface due to plasmic flows, disperation and other effects.
Medical-biological effect of interaction is determined by the dynamics of the formation of
those zones, their size, and structure.
experiments were conducted in the conditions which made it possible to measure stationary
and non-stationary temperature fields in liver and spleen tissues and estimate their thermal
conductivity. Effect on the surface was rendered by the flows of argon, helium and neon plasma
and CO2 - laser radiation.
The analysis of the whole set of experimental data suggests that phasal and structural
transformations in the TCR with similar thermal parameters of effect are determined by the mass
and energy of the heavy component of the plasma flow. Research of temperature distribution in the
liver tissue shows that the highest temperature at a distance of 3 mm from the effected surface is
reached by the CO laser, and the lowest by the argon plasma flow.
Microscopic research of the TCR has shown that with the thermal flows of effect amounting
to q = 5-20 Wt/mm, the size of the charred upper layer of the biotissue is 1S0-80 micron for argon.

300-150 for neon, 450-250 for helium, and 600-300 for the CO laser. These properties of the surface
layer (as radiative - plasmodynamic effects of interaction) are discussed.
References
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Reduction of Electron Contamination Generated
by 10 MV X Rays

K. Parthasaradhi and B. Mallikarjuna Rao
Department of Nuclear Physics, Andhra University,
Visakhapatnam 530 003, India
and
S. Guru Prasad, Young Lee, Rajesh Ruperal and Rafael Graces
Division of Medical Physics, Evanston Hospital
Northwestern University, Evanston, II60201, USA

The use of Pb filters for the reduction of electron contamination produced by the interaction
of 10 MV X rays with the solid blocking trays has been critically examined in the region of SSDs
clinically encountered for various square field sizes. Its effect on the surface dose, location of D|nax
and the depth dose is discussed. The electron contamination from the tray can be significantly
'reduced by attaching a Pb filter below the blocking tray.

Traits of Electron Dose Distributions of Chinese Accelerator

Jin Tao\ Liu Yi2, Wang Mi1
1. Xinjiang Institute of Physics, Academia Sinica, Urumqi, China
2. Xinjiang Medical College, Urumqi, China

Traits of electron dose distribution of ZJ-10 medical linear accelerator are described. In this
work, we measuremented the depth dose distributions with extrapolation chamber in polystyrence
"phantoms" and obtained the field surface dose distributions with dual wavelength TLC scanner by
means of scanning the acrylamide gels of high water content containing Fe2* ions which have been
irradiated with electron.
The results show that the relative surface doses of electron beams with beam energies being
6,8,10 MeV and field sizes being 10*10 cm2 are 90%, 92% and 9 5 ^ respectively. The normalized
gradients of the depth dose curves-G are all inferior to the typical electron beam G of the same
.kind of linear accelerator abroad. We suggest that the energy spectrum of entrance electron beam
is the most important factor which produces the dose traits mentioned above.

Traits of Electron Dose Distributions of Chinese Linear
Accelerator

Jin Tao, Xinjiang Institute of Physics,
Academia Sinica, Wulumuqi, P. R. China

An automeasuring dose extrapolation chamber used for clinic has been made. The chamber
can autocontrol the gas between high-voltage electrode and collecting electrode and collecting
voltage. The data can be also collected and processed by a single board microcomputer.
By means of the chamber, we have measured the several depth dose curves of electron
beams of the linear accelerator made in China in polystyrene. The results show that the relative
surface doses of electron beams with beam energies being 6,8,10 MeV and field sizes being 10*10
cm2 are 90%, 92% and 95% respectively. The normalized gradients of the depth dose curves-G are
all inferior to the typical electron beam G of the same kind of linear accelerator abroad. Finally, on
the basis of the theory of scatter and new theory on electron removal provided by Luo Zhenming
we analvsed these traits of dose distribution.

Effect of Pelvic Bones on Absorbed Gamma Dose

^

During Irradiation of Cervix Carcinoma

F. A. El-Bakkoush, T. S. Akki, R. M. Megahid and M. M. Khalaf
Radiation Physics Division, Department of Physics
Tajura Nuclear Research Center, Tripoli, Libya

Measurements have been carried out to assess the effect of pelvic bones on the depth dose
distributions of gamma rays in region of Cervix when

137

Cs and "'Co sources are used for

intracavitary treatment of cervix carcinoma. The gamma dose monitored

by means of the

7

thermoluminescences detectors, LiF. The gamma source was embeded at the middle of water
tank of nearly the same size of human trunk. The effect of bones on the dose delivered to any point
within this volume was evaluated by conducting the measurements in homogeneous water and
repeated in water-bone media.
The data obtained show that, the presence of Pelvic bones causes a marked increase in the
value of dose delivered to the carcinoma. However, for positions behind the bones an appreciable
decrease in the dose value was observed.
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Physics of Irradiation Technique in Head and Neck Carcinoma:
A Modified Approach
Dr. Ratna Datta, Associate Professor and
Dr. Sobhendranath Datta,
Clinical Associate Professor, Louisiana State University,
School of Medicine, Department of Radiology,
P.O. Box 33932, Shreveport, LA-71130 U.SA.
A modified approach the effectively treat patients with cancers of head and neck regions
using therapeutic external beam radiation is the essence of this report. Head and neck cancers are
often associated with local recurrences. The treatment decision is crucial and sometimes it is very
difficult to control tumor growths.
The major concern, however, involves the desire to treat effectively the entire are at risk of
recurrence without exceeding 'tolerance dose' to the spinal cord. Treatment with external
radiotherapy beams, junctional area between the parallelopposed lateral upper neck fields and the
anterior lower neck / superclavicular neck field poses a difficult problem. To circumvent the
problem, authors devised a modified technique of irradiation utilizing Megavoltage Linear
Accelerator. Detailed dosimetry of this technique was worked out using Solid State Detector, Film
Dosimetry, and Ionization Chamber. This new technique has been exploited at this institution since
19S0.
This paper attempts to evaluate retrospectively the efficacy of this modified approach to 47
patients (between IS 50 and 1984) given postoperatively adjuvant external beam irradiation to
prevent recurrence. Actuarial four year disease-free survival was 51 per cent. Neither recurrent
disease at the junctional blocked (and underdosed) area of irradiation among treated patients was
observed nor was there a case of radiation-induced myelitis.
Authors, however, feel confident that this modified partial block radiotherapy technique is
meaningful, provided evident disease is not being blocked. The effectiveness and its dosimetric
aspects will be highlighted and discussed.

Sequential Exposures of Mixed Beams of High and Low Let
(Linear Energy Transfer) Radiations: Their Possible Mode or
Interactions and Consequences
Dr. Sobhendranath Datta, Clinical Associate Professor and
Dr. Ratna Datta^\ssociate Professor,
Department of Radiology Louisiana State University,
School of Medicine, P. O. Box 33932
Schreveport, LA-71130-3932, U.S.A.'
There has been an inquiring interest in the biological effect of ionizing radiations for several
decades. With the advent of technological advancement and progress of knowledge, an accelerated
interest is recently shown in the biological effect of sequential exposures of mixed beams1-2-3 of
different radiation quality.
The motivation for such studies is to explore the possibility of measurement of relative
biological effectiveness of mixed radiations that are of interest in application to radiation
therapy. This report is, however, concerned with two important aspects of cell survival
following sequential exposures to high- and lox-LET radiations, namely:
1. the presence of synergistic mode of action is observe; and
2. whether the irradiation sequence affects the result.
In the present work, an attempt is made to test the hypothesis whether a given effect can be
influenced, one way or another, by sequential exposures to more than one agent in a combined
manner leading to inter-/intracellular damaging actions for cell killing. How mixed radiations
interaction may, in sequential order, make an impact in clinical situations, if any, is the subject of
this investigations.
Asynchronous Chinese hampster cells (CHO cell line) were irradiated with graded dose levels
at room temperature. The radiation sources were Alpha particles from ""Plutonium source (2.9
MeV, 360 rad per minute at the cell surface), X-rays from a G.E. M:\xitron 250 kV X-ray therapy
unit (250 kV , 30 mA with a Thoraeus II filter with HVL of 2.6 mm Cu equivalent dose rate of 200
rad per minute at 30 Cm SSD as measured by Victorcon dosimeter calibrated with National
Bureau of Standard), and sequential use of sensely and sparsely ionizing radiations. In combination
modalities, the sequential order of Alpha particles and X-radiations was changed at each different
dose level with a short separation between the two different modalities or radiations.
Preliminary results indicate that in mixeJ beam modalities, damages produced by high- and
low LET radiation combined interactions with one another respond in a syncrgistic fashion.

A*1*
Furthermore, which of the two alternate modes of sequential exposures might make a big
difference in the magnitude of synergistic effect is the point of discussion. Data will be analyzed
. and discussed.
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Radon Studies In Human Environment Using
Solid State Nuclear Track Detectors

R. C. Ramola, A. S. Sandhu, Surinder Singh
andRS.Virk
Department of Physics, Guru Nanak Dev University,
Amritsar -143005, India

Solid State Nuclear Track Detectors (SSNTDs) are extensively used in various diversified'
fields including radiation dosimetry, high energy particle physics and laser fission physics. These
detectors have been applied to the measurement of low level radiation in the environment,
detection of fast neutron and radon dosimetry for the purpose of radiation protection. In this
paper, radon measurement techniques using SSNTDs in human environment with emphasis on
recent developments in the field of alpha particle radiation dosimetry are reviewed and discussed
in detail. In addition, the results of radon measurements in the indoor and outdoor atmosphere of
Guru Nanak Dev University Campus area using LR-115 plastic track detector are presented. The
radon values are found to vary with the environmental parameters. The observed radon values are
compared with the standard recommended value and the maximum recorded value isiound within
the safe limit.

Radon Measureme it by Electrostatic Preclpitatlor
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Enio Bueno Pereira and
Heitor Evangelista da Silva
Instituto de Pesquisas Espaciais • INPE
CP. 515 - São José dos Campos - SP

A single and efficient radon measuring device based on the electrostatic precipitation of
post-radon decay products is described. The system consists of a 421 hemispheric container which
is internally coated by a conductive paint. A 600 mm2 silicon surface barrier detector is placed at
the spherical center of the hemisphere at ground potential. The post-radon decay products ^'Po
and 214Po are collected by the detector through a 6xlO4 V/m electric field applied to the conductive I
paint. After a present integration time the alpha particles emitted by the selected post-radon decay f
T.

product are counted and stored in cassette magnetic tapes. The counting system is then •
automatically reset and initiates a new cycle. A background equivalent of 0.06 PCi.m'3 for a 24 hour I
integration time was measured. Response time varies from about 10 minutes to an hour, depending J
on the radon decay product choosen. This equipment was originally designed to perform real-time \
ultra low level measurements of atmospheric radon in remote areas for atmospheric tracer studies. \
It has also been successfully used in airplanes to obtain vertical concentration profiles of radon.

|

On Indoor Radon Contamination Monitoring with Plastic
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Nuclear Track Detectors: The Influence of Plate-Out Effect
Giulio Bigazzi1, Julio C. Hadler N.2
and Sergio R. Paulo2
1. Istituto di Geocronologia e Geochimica Isotópica, CNR, 56100 Pisa, Italy
2. Instituto de Física "Gleb Wataghin", UNICAMP, 13100 Campinas, SP, Brazil

In order to test the homogeneity of alpha emissors/cm3 inside a 6 liter glass recipient
containing radon-222 (and daughters) originated from the emanation of a Ra-226 source, solid
state nuclear track detectors (CR-39, LR-115 and KO Ilford nuclear emulsion) were exposed there
at different places during one week.
It was observed a systematic tendency that detectors placed near the central region of the

;

recipient detected more alpha tracks than those juxtaposed on the walls. Considering the
hypothesis of radon daughters plate-out on the walls of the recipient, detectors were exposed in
such a way that this effect could be measured and calculations taking into account the employed

i

geometry could quantitatively explain the experimental results that were obtained. The plate-out

'

was also measured covering the walls of the.recipient with different materials.

|

Our results indicate that some care must be taken when the plastic nuclear track detectors

f

used to monitor indoor radon contamination are placed juxtaposed to materials making up t>e

§
i
?

ambient.
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Indoor Radon in Some Portuguese Dwellings

M. Conceição Faísca; M. Manuela G.R. Teixeira;
Antônio O. Bettencourt
LNETI - Departamento de Protecção e Segurança Radiológica
Estrada Nacional n. 10 2685 SACAVEM - PORTUGAL

A general concern with the high doses resulting from radon inhalation has been arising in
most countries. Due to the large dissemination of uranium in some Portuguese regions, this
programme has also been enlarged to other regions in the country. The results obtained at two
geological different regions, one of which is granitic and includes some areas influenced by
uranium mines, are presented in this paper.
Passive detectors, films Kodak LR115, were exposed for 1-2 months periods.
At the non-granitic region the measured indoor radon concentrations range from about 20 to
150 Bq m'3. At the granitic one, the values are situated between 200 and 1500 Br m"3. However,
higher concentrations of the order of 3xlO3 Bq m"3, in dwellings near the uranium mines and near
' an abandoned radium salts factory, were found.
The radon emission by some building materials is also being studied and these materials have
„ been measured by Ge (Li) gamma spectrometry. The obtained results are presented and discussed.

"Hot Particles" Collected After the Chernobyl Accident
P. Jaracz, J. Jastrzebski,* J. Kaczanowski, Le Van Khoi,
S. Mirowski, S. Osuch, E. Piasecki, L. Pienkowski,*
G. Szeflinska, Z. Szeflinski, J. Tropilo and Z. Wilhelmi
Institute of Experimental Physics, Warsaw University,
00-681 Warsaw, 69 Hoza Str., Poland
*Heavy Ion Laboratory, Warsaw University,
02-097 Warsaw, 4 Banacha Str., Poland

Half a year after the Chernobyl catastrophe a search was undertaken for highly radioactive
particles deposited on the ground in North-East Poland. 206 "hot particles" (HP) were collected.
Examination of their 7-spectra reveals three groups of hot particles: group A (114 HP) - shows
almost exclusively 7-rays of 103Ru and 106Ru isotopes, group B (88 HP) - contains ^Zr, ^Nb, 103Ru,
106

Ru, 134Cs, ia7 Cs, 141Ce, 1<4Ce isotopes, group C (4 HP) - a group intermediate between A and B,

resembling group B in isotope contents but with higher abundance of Ru. Average total activity of
the hot particles (and the corresponding standard deviation of its distribution) are: group A -19.4
(31.7) kBq, group B - 1.1 (0.9) kBq. Relative frequency of hot particles A and B is strongly
dependent on the place of collection,
A comparison of average isotopic contents of the hot particles with core inventory
calculations and composition of the general fallout has been made. It appears that the isotopic
composition of B-type hot particles reflects the core inventory but in some particles considerable
'depletion in Cs and Ru is observed. The latter can be attributed presumably to large volatility of Cs
and Ru elements and their compounds, Fractionation coefficients and the isotope activity ratios
134

Cs/137Cs.

103

Ru/106Ru,

1M

Ce/144Ce, •'Nb/^Zr were investigated with an objective to draw

conclusions on possible mechanisms of hot particle formation taking into account the history of
fuel elements.

Transport of Global Fallout From Chernobyl Accident
and Dose Evaluation in Taiwan
Chien Chung
Institute of Nuclear Science, National Tsing Hua University
Hsinchu 30043, Taiwan R.O.C.
A substantial increase in fission product activity was observed in various environmental
samples taken in Taiwan after the Chernobyl accident. The concentrations of long-lived, high-yield
fission products in ground-air, precipitation, grass, vegetation, and foodstuff were monitored in
succeeding weeks, as illustrated in Fig. 1. The one-year committed effective dose equivalents for
both adults and infants in Taiwan were evaluated for uptake pathways of inhalation, ingestion, air
immersion, and surface exposure. Average individual doses for population in Taiwan are estimated ;
of 1.2 liSv due to global fallout from Chernobyl; the level is lower than that reported in neighboring
countries in Far East and poses no health impact to the public. Environmental data indicate the
radiation doses due to global fallout decrease more rapidly with increasing distance longitudinally :
than iatitudinaUy from Chernobyl
;
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Thennolumlnescence Dating of a Brazilian Cave

S. H. Tatumi, S. Watanabe and M Matsuoka
Institute of Physics, University of São Paulo
C.P. 20516,01498 • São Paulo, SP - Brazil

Natural radiation from Uranium, Thorium, Potassium and their radioactive daughters
produces lattice defects In crystalline materials, and sometimes creates electrons/holes which can
fill the empty electron/hole traps. Geological materials have been exposed to continuous natural
radiation. We can determine the accumulated dose (AD) of natural radiation for such a material
from the concentration of radiation-induced defects or traps in it. The age of the material can be
estimated from the AD.
We have investigated dosimetric properties on calcites found at Morro Preto Cave in the
state of São Paulo, using the thermoluminescence (TL) method. Quaternary calcite deposits
associated with three ancient drainage levels parted approximately in 10 cm each were chosen to
s.tudy the geomorphologic and hydrologic evolution of this cave, in collaboration with* Institute of
Geoscience (University of São Paulo).
The TL glow curve exhibits two distinct peaks at 240 and 320°C (a linear heating rate of 3.9°
C/s) and their intensities are enhanced by artificial

w

Co f-radiation up to KfR. We obtained for

the 240°C peak AD • 5.7X102, 4.4x10* and 2.9X102 Gy in order of drainage level; its descent rate is
equal to 7.1xlO'2 cm/Gy. We can estimate the ages and descent rate on a time unit of "year", if the
annual dose of natural radiation is known. Study of annual dose estimation using CaSO4(Dy)
dosimeters and thermal annihilation of traps is in progress.
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NonDestnicÜvcDtUtloac>fP»leoiitologfc Specimens
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A. P. Jesus*+, J. P. Ribeiro ••
•Centro de Física Nudear (INIC), Av. Gama Pinto, 2
1699 Lisboa Codex, PORTUGAL
+Departamento de Física da Universidade Nova de Lisboa
° - Departamento de Física da Universidade de Lisboa

In specimens containing uranium, f-rays from the radioactive chain can be used to provide
information on the relative activities of 7MV and 230Th, allowing a reliable datation to the limit
No sample preparation is required as in other methods; thus the precision of the activity
measurements depends only on the counting statistics and on the accuracy in finding the relative
efficiency on the f-ray detection.
The counting rate is low. For U contents in the ppm level, thirty days are needed to obtain
good statistics, with a Ge (HP) detector shielded by lead from cosmic and environmental y-rays.
In order to save time, PIXE analysis can be made to team, in a few hours, whether the U
contents reach the minimum required for f-ray measurement. PIXE provides also information on
the elemental composition of the sample, allowing a reliable calculation of the efficiency of f-rays
detection.

Í
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In this work we measured the relative activities of *U and *Th on a piece of "Elephantus

I

Anticus" tooth. The specimen was also PIXE analyzed in order to obtain the absolute concentration

I

of U and the sample elemental composition.

Some Techniques for Studying Renal Pathology Due to

^

Urinary Schistosomiasis
J. H. Amuasi1, H. A. Wilkins2, J. C W. Crawley3
1. Ghana Atomic Energy Commission, P.CBox 80, Legon-Accra, Ghana
2. MRS Laboratories, Fajara, The Gambia
3. Clinical Research Centre, Harrow, U.K.
Most studies of renal pathology due to S. haematobium have been carried out in major
centres using radiology or renography. The authors used a transportable renography apparatus to
study renal pathology in highly endemic areas of The Gambia (1,2,3). During discussion of an
earlier paper (3) it was suggested that simpler measurements, perhaps Effective Renal Plasma
Flow (ERPF) or Glomerular Filtration Rate (GFR) using blood samples, may have given sufficient
epidemiological information at a much lower cost.
When the apparatus was designed considerations of weight and cost were used to justify a

j

system based upon 25mm diameter sodium iodide detectors in place of the 50mm diameter

:

detectors in use at Northwick Park at that time (4). The consequent 4 fold increase in activity to

í

achieve the same counting statistics was not acceptable to the ethical committees at Harrow or

,

Fajara so the apparatus was redesigned using 50mm diameter detectors. It could however be

'

argued that populations in areas with a high prevalence of schistosomiasis are unlikely to reach the

?

lifetime level of exposure to ionizing radiation that can be expected in regions such as Harrow

'}

where diagnostic X-rays are widely used.

||

The reduction in weight and capital cost due to reducing the size of detectors may, however,
be offset by the increased cost of radioactive tracers.
Three probe renography with deconvolution analysis may not be essential for
epidemiological studies where reasonable estimates of renal function may be obtained from
simpler indices such as time to peak and percentage of peak at 15 mins (5).
Measurements of ERPF using blood samples gave anomalous results in our studies in The
Cambia (2). In young subjects we found positive correlation between ERPF and urinary egg count
[ERPF ml/min-451+37 log (ova/10 ml + 1), r = 0.25, p<0.02, n = 88J presumably because the
low haemotocrit resulting from the daily loss of blood was compensated by an increased cardiac
output.
Recent developments in electronics and radiation detector technology should lead to lighter
and cheaper transportable renography apparatus perhaps operating from solar power.

pi*
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Imaging of the Simulated Anatomic Liver Phantom

M. S. Chowdhury and A. H. Chowdhury
Department of Physics, University of Dhaka
Dhaka 1000, Bangladesh
K. Ahmed
Institute of Nuclear Medicine, IPGMR, Dhaka
Bangladesh .

The Simulated Anatomic liver Phantom (SALP) was imaged by the transmission of gamma
rays from a flood source filled with an aqueous solution of " T c . A gamma camera fitted with a
high resolution collimator was used and an energy window of 20% and the photon energy 140 KeV
were employed. Photograph was taken on the Polaroid print film type 66.7 with the total counts of
500 K corresponding to count density 189.17 cm*. The various depths of the lesion in the SALP
were observed by the evaluation method.

fit
X-Ray Measurements in the Atmospheric Enviroamental of Brazil

O. Pinto Jr. and W. D. Gonzalez
(both at Instituto de Pesquisas Espadais INPE,
S. J.Campos, Brazil, 12201)

X-ray measurements using balloon-borne omnidirectional scintillation detectors were done <
in São Jose dos Campos, Brazil, on April 14 and December 18,1981. The atmospheric, diffuse and
magnetospheric components were measured. The atmospheric and diffuse components were found 5.
to be of the same order of magnitude on this region. The magnetospheric component showed to be f j
strongly dependent on magnetic activity. Analysis of variations of this component suggests the f
occurrence of wave-particle interactions in this region in association with the South Atlantic I
magnetic Anomaly.
£
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BIOLOGICAL CONTROL ON THE VERTICAL FLUX OF ARTIFICIAL
RADIONUCLIDES IN MARINE WATERS
Scott W. Fowler
International Laboratory of Marine Radioactivity
International Atomic Energy Agency
2, Ave. Prince Héréditaire Albert,
MC98000 MONACO

Sediment trap experiments were carried out at various locations in the northeast
Pacific Ocean to examine the vertical flux of plutonium and americium through the upper
2000m. It was found that the degree to which Pu and Am fractionate on suspended or
sinking particles depends on the nature of the particle. While the mass flux decreases with
depth, active scavenging of transuranics by sinking particles leads to an increase in
transuranic flux with depth down to about 1000m, with Am being scavenged to a greater
degree than Pu. Bellow that depth there is evidence for a release of transuranics from the
carrier particles. Zooplankton grazing and resultant faecal pellet production was found to
be one of the more important parameters responsible for scavenging transuranics.
Comparison with primary production data from these sites indicates that Pu and Am flux
and their upper layer residence times are closely coupled to the export of carbon from the
euphotic zone.
SimUar studies carried out in the Mediterranean during the time of the Chernobyl
accident have confirmed that sinking biogenic detritus is a principal conveyor of particlereactive radionuclides to depth. In this region a variety of fission products, deposited on
the sea surface essentially as a single pulse, were scavenged and rapidly (30 md"*1)
transported to 200m primarily by sinking zooplankton faecal pellets. Comparison of flux
data with dry and wet fallout deposition inventories indicate that up to 50% of the particlereactive cerium radionuclides had fluxed through 200m 21 days after the fallout arrived.
However, similar data for l 3 7 C s , which is far less reactive with particles, showed that only
02% of the total amounts deposited had reached 200m by the same time. These data are
compared with similar measurements undertaken in other European seas during that
period.

SCATTERED X-RAY BEAM NON-DESTRUCTIVE TESTING
G. Harding
Philips GmbH Forschungeslaboratorium Hamburg,
D-2000 Hamburg 54, Vogt-Koelln-Str. 30

X-ray scatter interactions generally dominate the total attenuation coefficient at the
photon energies required to achieve adequate penetration of workpieces in industrial nondestructive testing (NDT). Scattered rather than transmitted X-rays as a probe of material
properties are often advantageous owing to the greater flexibility of the measurement
geometry and the alternative types of information they can provide
Two examples of X-ray scatter imaging devices are presented. A description is given
of a Compton back-scatter imaging device (COMSCAN), and several of its industrial
applications (particularly in the aircraft industry). A small angle coherent scatter scanner
which allows the local diffraction pattern of volume elements (voxels) of an extended object
to be reconstructed is also discussed. Several medical and industrial applications of this
device are illustrated.

j2o\
RADIOGRAPHIC IMAGE ANALYSIS TECHNIQUES
Robert J. Jennings
Office of Science and Technology
Center for Devices and Radiological Health
U.S. Food and Drug Administration
RockviUcMD 20857

The quantitative evaluation of conventional radiographic image receptors (screen-film
combinations) has been developed from the classical measures used in photography and motion
picture and television engineering. These measures are 1) sensitometry, 2) modulation transfer
function, and 3) Wiener, or noise power spectrum. Two catalogs listing these parameters for a large
selection of currently available screen-film combinations have been compiled by the University of
Chicago and published by the FDA. The same analysis techniques have been extended to the
evaluation of digital images, and have been applied to a number of digital imaging modalities
including computed tomography, digital subtraction radiography, nuclear medicine and magnetic
resonance imaging. The modifications to the basic techniques are described and examples given.
The above measures can be combined to yeld a spatial frequency dependent image quality
index which is the number of noise equivalent quanta (NEQ). This parameter, when divided by the
number of quanta actually used to form an image, yields the efficiency of the system, known as
detective quantum efficiency, DQE. The concept of dose efficiency can also be applied to the other
components in a radiographic imaging system. When the efficiencies of each of the components of
a system representative of current practice are compared to the efficiencies of state-of-the-art
components, it appears as if patient dose reductions of an order of magnitude or more should be
achievable with no loss in imaging performance. However, because of the physical constraints on
system components, it is possible to take advantage of only a fraction of this efficiency
improvement. The problem of finding the system configuration that has the highest possible
efficiency while obeying the required constraints has been approached using numerical
multiparameter optimization techniques. In the case of the mammographic examination, an
improvement in dose efficiency of a factor of three has been predicted and verified experimentally.
The resulting system configuration will be described.

ÜSE OF LOW ENERGY (MV) ELECTRON ACCELERATORS FOR APPLIED RESEARCH
Raymond SELTZ, Centre de Recherches Nucleaires
B.P. 20 CR. 67037 Strasbourg Cedex, France

Van de GraafF single stage accelerators have almost disappeared in nuclear physics due to
the race towards energies of heavy ions beams at least close to the Coulomb barrier. These small
machines became available and man, of them have been reconverted in R • O programs in
various fields e.g. ion implantation, trace analysis, surface properties, space radiation simulation,
circuit hardening, sterilization, ion or electron induced physico-chemical effects..., etc..
New users mean other technical characteristics... This triggered interest in developing novel
technologies of small electrostatic accelerators.
A promising breakthrough in this field is the VIVTTRON, a 35 MV Tandem project at the
CRN STRASBOURG. The principal innovations introduced in the design come from a better
understanding of the electrostatic field mapping, from the use of new insulating materials and of
the optimal geometry layout of electrodes for better spark protection.
All these concepts have been used in a 5 MV electron accelerator project with optimal
characteristics for an R&D program in sterilization processing of food.
The future of such low power (a few KW), low energy, electron accelerators is discussed in
tbe frame of a presently undergoing research program an sterilization of fresh meat products, fruit
and vegetable.
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Some Uses of Radiolsotope Techniques In Portugal
J.Salgado, F. G. Carvalho, C Oliveira, A. Ambrosio
Departamento de Física, Lab. Nac Eng. Tec Ind. (LNETI)
Estrada Nacional 10,2685 SACAVEN, Portugal
Economical and technological advantages of the use of radiation and radioisotopes in human
activities, namely in industry, agriculture and services, have considerably broadened their field of
application.
The present paper reports on the development and application of selected nuclear
techniques in Portugal.

V

1. Wear control of refractory lining materials
Sources of 7.4xlO7 Bq of 1KIr and "Co have been introduced in holes opened in the
refractory bricks of an oxygen steel converter. As the lining wear reaches the source position the
radioactive material is dissolved in the molten iron. The wear rate during a campaign depends on
the working conditions and has varied in the tests reported between 0.46 and 133 mm/charge. The
specific activity of the measured steel samples was never higher than UxlO 3 Bq.kg*1.
2. Quality control of steam coal
The MNCP code (Monte Carlo Neutron Photon) is used to study the neutron flux
distribution from an Am-Be fast neutron source in a bulk coal sample. Results show that the
response function per atom of an element is independent of the concentration of the element and,
in consequence, the number of photons emitted is proportional to the elemental concentration.
3. Simultaneous measurement of density and water content of soil columns
Soil bulk density and water content can be simultaneously measured through transmission
of gamma rays of two different energies. However the results are affected by statistical fluctuations
in the count rate and errors in mass attenuation coefficients. Error analysis show that mass
attenuation coefficients, in particular, for the higher energy gamma rays in dry soil, should be
known with an accuracy of, at least, 10"* cm'g'1* Then* absolute errors of the order of 10** can be
expected in the water content and the dry bulk density.
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¥t CEMS CHARACTERIZATION OF Fe-Al THIN FILM ALLOYS

MAUL Vasconcdlos, S.R. Teixeira, P.H. Dionisio, W.H. Schreiner and I J.R. Baumvol
Instituto de r bica da UFRGS
91500 Porto Alegre, RS, Brazil

Fe-Al thin film bilayers were deposited on silicon oxide substrates and submitted to different
metallurgical treatments like thermal annealing in high vacuum, heavy ions bombardment of the
bilayer interface and the combination of these two processes.
The interdiffusion and solid-phase reaction processes occurring in the thin film Delayer,
leading to the formation of metastable and stable intermetallic compounds were fully characterized
by means of ^Fe Conversion Electrons Mdssbauer Spectroscopy. The results are presented ana

;

discussed here.
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Compton Scattering Gamma-Ray as Inspection
Technique of Suriaces
M. J. Anjos and R. T. Lopes
UN, COPPE/UFRJ, C P. 68509,21945,
Rio de Janeiro, Brasil

The use of Compton scattering for inspection is a new technique. In medicine it has been
used to study the density variations of superficial organs. In industry it appears as a very
promissory technique, competing an complementing others techniques of non-destructive testing
(NDT). Some problems in NDT show the best results when they are inspected through the
Compton Scattering. One example is the inspection in off-shore structure which are too large to i
use the transmission radiation technique and the surfaces are too many irregulars due to the X
accumulation of marine fowling, that become impossible the ultrasonic propagation.

"

In this work we report a system to inspect surfaces, based in a source of Caesium-137 with •7.4 x 1010 Bq of activity and the gamma-ray energy of 662 keV. The source-k detector system is to
produce a narrow emergent beam (2 mm). The detector is fixed spatially in relative position of the
source to detect photons that suffer Compton Scattering in a small volume and reach the detector

i
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within a small solid angle. The best angles for inspection were analysed as also the geometry more

\

adequate.

I

The materials analysed were aluminium blocks and steel In surfaces of the blocks, we

|

simulate defects of many diameters. In the inspection of theses blocks was possible to detect

\

defects with proportion superior to 1 mm. In spite of these results we can verify that this technique
offers a large possibility to inspect defects in the surfaces structures.

Effects of Target Thickness Fluctuations in Energy-Loss
Measurements of Proton Beams Traversing Thin Films:
Determination of Surface Roughness
N. E. Capuj*, J. C. Sckardt, B. H. Lantschner, N. R. Arista
and M. M. Jakas*
Centro Atômico Bariloche, Division Colisiones Atômicas,
RA 8400 San Carlos de Bariloche, Argentina

We present measurements of energy-loss distributions of proton beams with energies
between SO and 2S0 keV through Al, Cu, Ag and Au foils, with thickness in the range 100 - 300 X.
Here we show the dependence of the mean energy loss, FWHM and skewness coefficient of
these distributions, with the proton • beam energy, and compare with theoretical descriptions based

•

on electron gas models.

'

We study the influence of foil roughness in the energy-loss distributions, developing a new
method for the estimation of foil-thickness fluctuations based on measurements of mean values
and FWHM's of the energy loss spectra in foils, under normal and tilted incidence conditions.
The result of this analysis give roughness values of 10 - 20%, for 200 A • thick Al foils.
'f

(+) Fellow of the Conscjo Nacional de Investigaciones Cientificas y Técnicas (CONICET).
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(*) Present address: INVAP S.E. (Inve&tigadon Aplicada Socicdad del Estado), Moreno 1087, RA 8400 San
Carlos de Bariloche, Argentina.
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Statistical Error In Online Thickness
Calibration by Radiation Transmission
J. A. Oyedele
Physics Dept. Obafemi Awolowo University*
Ue-Ife, Nigeria
The use of radiation for the determination of materials thickness is well known and accepted
The measurement techniques are simple and particularly suitable for on-line sheet thickness
calibration because the sheet is not disturbed during the process of measurement In order to
obtain accurate results from these measurements, the errors in the techniques have been well
studied especially in the case of static materials. These errors are usually associated with '
instrumentation characteristics. However in the case of on-line thickness determination, there f;
could be additional errors from thickness fluctuations and radiation source
fluctuations.
f
In this paper, the error attributable to source fluctuations and thickness variations in on-line
thickness calibration by the radiation transmission technique is discussed. The source fluctuations
result in errors specified by a probability density function (PDF). However the variance of the
'PDF increases with decreasing measurement time-interval while the error due to thickness
variation decreases with decreasing time-interval in some sheets. Conditions under which the error
•is minimized are discussed.

* Formerly known as "University of Ife".

Nentrangraphy with Track-Etch Detectors at the IEA-R1
Nuclear Research Reactor
Reynaldo Pugliesi; Marco Antonio P. V. de Moraes;
lone M. Yamazaki
Instituto de Pesquisas Energéticas e Nucleares
Comissão Nacional de Energia Nudear
Divisfo de Física Nudear - TFF
Caixa Postal 11049 - Pinheiros
01000 Sío Paulo - SP - Brazü

An experimental arrangement installed at the Beam-Hole n. 3 of the IEA-R1 Nuclear
Research Reactor of the IPEN-CNEN/SP has been used for track-etch neutrongraphies purposes,
where a coQimated thermal neutron beam exposure area 4 cm x 8 cm and flux at the sample 10s
n/s/cm2 is obtained. Four distinct solid state nuclear track detectors with the same boron (n,o)
converter screen were used: LR-115, CR-39, CN-85 and Makrofol-E. The technique for each
detector-converter system was firstly developed and secondly the neutrongraphic results of several
organic and inorganic materials were compared in terms of the following parameters: irradiation
and etching times, resolution, visual contrast, detector transparency and handling facility. The
results for the four detector demonstrates very similar results for irradiation and etching times
(approximately 3 hours and 20minutes respectively) as well as for the resolution testes and
handling facility. The CR-39 showed the best visual contrast and transparency.
Besides this intercomparison the good quality level of these neutrongraphies is confirmed by
the details and defects which are visible at the detectors.

Annealing oT Heavy Ion Radiation Damage la Solids
and Single Activation Energy Model
H.S.Virk
Physics Department, Guru Nanak Dev University,
Amritsar-143005, India
Recent experiments have established that radiation damage latent tracks in solids are
composed of 'point' and 'extended* defects. Thermal annealing is a diffusive process governed by
Arrhenius equation:

= -F(n)K = F(n)K rt exp(-E a /KT)
where n is the fractional cone of the defect, F(n) is any continuous function of n, K is the 1
rate constant, which can be separated into Ko and an exponential term involving activation energy !
of the process, Ea. Most of the laboratories use Arrhenius approach to calculate Eg. Surprisingly, \
the value of E shows a functional dependence on degree of annealing, a result in contradiction i
with eqn. (1).
We proposed a 'Single Activation Energy Model' (Modgü and Virk, NIM B 12,1985,212) to
resolve this contradiction, by introducing a new parameter, track annealing rate, Va = dl/dt, in 1
place of track length or density reduction. The empirical formula
V

= Atln

exp(-Ea/kT)

based on our model yields single activation energy of annealing of radiation damage for all
heavy ions in both organic and inorganic solids. A modified version of our formula has been
developed by Price et al. (1986).

Radiation Effects on Metals, Alloys and Cement

Georgi Luckí • Div. de Danos de Radiação
IPEN/CNEN/SP-Brazil

High - energy particle irradiation of materials brings as a consequence changes in their
atomic structures that alter the electrical, magnetic and mechanical properties which are the most
important characteristics for practical applications of metals and alloys. A review is made on
experimental results of in-pile (IEA-RI reactor) and CV-28 cyclotron irradiated materials.
Resistivity measurements on CuPd an FeNi alloys showed different behaviour during fast neutron
irradiation. While CuPd had almost coincidental relaxation curves, FeNi presented a
distinguishable short and long-range ordering with the critical order-disorder temperature at
515°C. Vacancy supersaturation curves of FeNiSi (49-49-2 at.%), FeNiCr (49-95-49.95-0.1 at.%),
FeNiMo (50-50 at.% + 50 ppm) and pure FeNi (50-50 at.%), determined by means of the
Magnetic After Effect are presented as an effective pre-selection method of nuclear materials

|
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before the destructive stage of void formation and swelling. A displacement of damage peak from
480 to 500 and 570°C was detected on pure AISI 321 stainless steel and with 0,05 wt.% and 0,10
wt% of Nb additions by means of resistivity and micro-hardness. Ultrasound techniques applied to
fast neutron irradiated portland cement paste (fluency 7,2x10" n/cm2) showed a 24% decrease in
its dynamic elasticity modulus. Helium diffusion on Au, Ag and Al foils irradiated in cyclotron was
studied, suggesting a vacancy mechanism for single He atom diffusion. Embrittlement by Alpha
particle implantation in cyclotron • to simulate in-pile (n,a) reaction-was measured by high
temperature creep on AISI 316 stainless steel.

Study of Mo-NI Alloys By X-Ray Spectroscoples
"

K. Lawniczak-Jablonska
Institute of Physics Polish Academy of Sciences, AL
Lotnikow 46,02-668 Warsaw, Poland
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The valence band structure (VBS) investigation of the MoxNi10frx alloys by several X-ray |
spectroscopies are summarized and discussed. The changes in energy distribution of the density of !
valence states occupied by electrons in alloys were estimated from X-ray emission and X-ray |
photoelectron spectroscopies (XES and XPS). The XES technique provides information on the
density of states distribution at the site of emitting atom. The broadening of the d-band in nickel
and the p+f band in molybdenum as compared with the pure metal band was observed. The strong
redistribution of valence band shape near the molybdenum atom after change in crystal structure
was found. The XPS technique provides information on the total density of valence states
summarized for both atoms. The broadening of the total valence band with the increased of the Mo
content and the changes in fine structure were stated from the XPS study. The distribution of the
unoccupied valence band states was investigated by X-ray absorption and bremsstrahlung
isochromat spectroscopies. The X-ray absorption technique allowed to study the unoccupied states
dist'ibution at the site of emitting atom. The addition of Mo atoms in the solid solubility region
does not change the distribution of the Ni density of empty states. The bremsstrahlung isochromat
technique provides information on density of empty states summarized for both atoms. The
observed changes in isochromat structure can be attributed to the influence of Mo atoms empty
states. The presented experimental data are discussed in connection with available theoretical
models for valence band structure of the transition metals binary alloys.

Transmission Electron Microscopic Tritium Autoradiography
of an Overaged Austenite Stainless Steel SUS316

JJ5

Hideo Saito, Kun'ichi Miyazawa*, Norio Nogawa**, Minoru Mori
Naotake Morikawa** and Yoichi Ishida
Institute of Industrial Science, The University of Tokyo
7-22-1 Roppongi minato-ku Tokyo, 106, Japan

*

* The Department of Precision Machinery Engineering, The Faculty of Engineering, The
University of Tokyo
7-3-1 Hongo, Bunkyo-ku Tokyo, 113, Japan
** Radioisotopic Synthetic Centra.The University of Tokyo,
7-3*1 Hongo, Bunkyo-ku Tokyo, 113, Japan
Hydrogen behavior were firstly observed of the grain boundary, incoherent twin boundaries
and matrix phases in overaged austenitic stainless steel SUS316L. Tritium trapping sites were
found along interface of the chrominum carbide precipitated at the grain boundaries and basic
phases.
To make out process of the thin foil specimen and an experimental procedure are identity
previous paper, but heat treatment condition of the specimen was annealed at 13 73K for 3.6ks and
overaged at 923K for 7.77ÔX108 ks.
However, the chrominum-carbide precipitated at the grain boundaries and matrix phases has
been known to give the large damage influence at the character of the materials by stress corrosion
cracking. To evidence of the condition was treated overaging for long times. An analysis of tritium
autoradiography could be to analyzed by means fo make the coarse structure such as able to
application.
An experimental purpose was analyzed the trapping sites of silver partides blackened by
tritium, defect structural analysis of chrominum-carbide precipitated at the grain boundaries and
matrix phases, the trapping sites was to evidence the precipitation phases itself or interface
structure between precipitation and basic phases.

Observation of Hydrogen Trapping Sites in Austeniiic
Stainless Steel SUS316L by Tritium Transmission
Electron Microscopic Autoradiography
Hideo Saito*. Kun'ichi Miyazawa** and Yoichi Ishida*
•Institute of Industrial Science, The University of Tokyo,
7-22-1, Roppongi, Minato-ku, Tokyo, 106, Japan
* *The Department of Precision Machinery Engineering,
The Faculty of Engineering,The University of Tokyo,
7-3-1, Hongo, Buhkyo-ku, Tokyo, 113, Japan
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The hydrogen embrittlement in austenitic stainless steel SUS316L was studied by the;
transmission electron microscopic tritium autoradiography. The purpose of this study is to clarify j
the trapping site of hydrogen in SUS316L stainless steel.

<

Tritium was introduced into a thin foil of SUS316L of by the cathodic charging of tritium •
water. A sheet of SUS316L was cut into a disc of 2.8 mm in diameter and 0.17 mm in thickness and •
annealed at 1373K for 3.6ks. Then the disc was electrolytically polished into a thin foil specimen <
and charged with a tritium solution of lN-NaOH and specific radioactivity of 0.14Ci/cm3.
The electric current density and the charging time of tritium were 5mA/cm2 and 3.6ks,
respectively. After the tritium charging, the specimen was kept at room temperature for three days j
and its surface was coated by a photographic nuclear emulsion of monogranular layer film. Hie

!

coated specimen was exposed by the beta ray of tritium for 71 days in a exposure cell with the high •
pure nitrogen gas at 1 atm keeping the cell at 253K, developed, fixed, washed by water and dried.
The obtained specimen was observed by a high-voltage electron microscope (JEM 1250).
By the analysis of the trapping sites of tritium, the blackened silver particles were found
mainly in the ordered grain boundaries with high 2 values of 9,11 and 13a or in the vicinity of a
triple line.

Characterization of Semiconductor Processing by
119

Sn Conversion Electron Mõssbauer Spectroscopy

I. J. R. Baumvol
Instituto de Física - UFRGS
91500 - Porto Alegre - RS - Brazil

We report in this paper on the use of 119Sn Conversion Electron Mõssbauer Spectroscopy to
characterize several different steps on semiconductor processing technology.
The epitaxial regrowth of amorphized silicon by furnace annealing and by rapid thermal
processing, the substitutionality and lattice location of implanted impurities in silicon are
investigated.
The physico-chemical structure of the amorphous semiconductor Ge-Sn thin films deposited
by sputtering co-deposition is also fully characterized and reported here.
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Study of the Resonant Photoionization of Elements
with a Nd: YAG Pumped Dye Laser, for Analytical Applications
O. Gobert*. P.GehV*,R.L. Inglebert*, B.DubreuiT,
J.LDebrun**
* - GREMI, Univcrsité d'Orleans (France)
* * - CERI, CNRS, 3 A rue de la Férolkrie 45071 Orleans (F)

Several resonant photoionization processes were studied in order to ionize efficiently and ]
selectively atoms of analytical interest, so that mass spectrometry could be performed. The method,:
known as resonant ionization mass spectrometry (RIMS) presents several advantage over
conventional SIMS: negligible matrix effects, more uniform and probably better sensitivities, higher i
selectivity.
For Mg, Ti, Cr, Co and Ni, we used a single wavelength and a 2 photons scheme, with a
resonant absorption of the first photon. For P and Zn, we used a single wavelength and a 3 photons
scheme, with the resonant step obtained by simultaneous absorption of 2 photons. For Cu, 3
different schemes were tested, including the simultaneous use of 2 different wavelengths. A
complete experimental setup including a U.H.V. chamber, an argon ion gun, a quadrupole mass
spectrometer and 2 Nd-YAG pumped dye lasers was used to test possible analytical applications.
Matrix effects and calibration were studied using various alloys, and experimental sensitivities for
the analysis of the studied elements were determined.

Externa! Beam Charge Particle Activation Analysis

* i -\

(CPAA) • A Method for Trace Elemental Determination
in Liquids
V. Raghunatha Rao, D. T. Khathing,
Department of Physics, North-Eastern Hill University,
Shillong-3 India
D. P. Chowdhury, VECC(BARC) 1/AF Bidhan Nagar Calcutta-64 India
S. Gangadharan,Anal.Chem.Division, BARC Trombay, Bombay-85
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The occurrence and role of various trace metals viz. V, Cr, Mn, Fe, Ni, Co and Cu in crude
oil are already acknowledged (1-2), and reviews on various methods of their detection were also
documented (3). However, use of a technique based on an external beam CPAA system for
detection of trace elements in crude oil was unprecedented.
Based on a detailed study of different possible reaction channels, their cross sections and
thresholds, and product half lives, performed on selective elements drawn from transition metals,
various experimental parameters namely beam energy, current, and time of irradiation have been
optimized.
This paper gives an account of the irradiation system, optimization of experimental
•parameters, detection limits and the application of the technique to the detection of trace metals in
crude oil samples, as a typical case.
A well collimated beam of 5 mm diameter was extracted through a HAVAR FOILTO and
0

used for activation. Strategically the choice of an external beam condition was made not only to
avoid beam tube contamination due to evaporation during irradiation but also to reduce
considerably the analysis time per sample. Short lived activity could not be monitored due to
intense 511 KeV f-ray annihilation background originating from organic matrix. Typically for a ten
minute irradiation at 45 MeV; and a beam current of 250 nA the minimum detection limits for V,
Cr, Fe, Cu and Zn, Ga have found to be in the range 10-20 ppm and 1-2 ppm respectively. The
• method of average cross section was used. The advantages and scope of the external beam CPAA
system are highlighted.
References
1. Petroleum formation and occurrence Ed. B. P. Tíssot. D. H. Wcltc (Springer Heidelberg 1984).
2. The role of trace metals b petroleum T. F. Yen (Ann Arbor Science 1982).
3. Nuclear methods for trace elements in petroleum and petroleum products. H. D. Buenafama pp (29-48) in
Atomic k Nuclear methods in fossils fuel and energy research. Ed. R. H. Filby 1981

Chemical Analysis Using X-Rays Induced
„

By Low Energy Protons
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Instituto de Física
Universidad Nacional Autônoma de México
Apartado Postal 20-364
México, D.F. México
F.Aldape
Instituto Nacional de Investigaciones Nucleares
Salazar, México
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Particle induced X-ray emission (PIXE) has been used extensively for analyzing materials.
Here we present qualitative and quantitative results from this technique using protons from a low
energy (700 kV) Van de Graff accelerator. The principal feature at low energies is the small
penetration of the protons in the sample (a few microns at most), giving rise to greater depth
resolution. On the other hand, there is a severe limitation on self-supporting thin films for targets.

;

In general the surface approximation used at higher energies is not sensitive enough, so a thick
target mcdel must be used for quantitative analysis. The ionization cross section rises very steeply

t

' with energy in this regime, so the results are sensitive to the particular model chosen. Different

\

methods for calibrating the detector are discussed. Measurements of various thin film thickenesses,

i

including oxides and evaporated deposits, are presented, as well as the analysis of some steels and

|

metallic arqueological samples.

A Theoretical Approach to Particle-Size Measurement and
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Particle-Size Correction in Analysis of Ore Slurries
By XRF Spectrometry
<*
Marek Lankosz and Barbara Holynska
Institute of Physics and Nudear Techniques
The Academy of Mining and Metallurgy
30-059 Krakow, al. Mickiewicza 30, Poland

;
{

X-ray fluorescence method offers and easy and rapid way of determining a number of

;

elements in ore slurries and also gives a possibility of partide-size control of flotation ore slurry. In

*

on-stream XRF anafysis, the effects due to variation in partide-size of solids can cause appreciable

'..

and often major errors in measured concentration. The proposed method for elimination of
partide-size effect is based on the use of calculated heterogeneity factor for correcting the intensity
of characteristic X-ray of the element to be determined. The computation of heterogeneity factors
are carried out with the use of modified Rhodes-Hunter equation, which gives the relation between V<
the X-ray intensity of given element in non-homogeneous sample, and particle-size distribution.
•The results obtained for Zn-Pb and Cu ore slurries show, that application of correction factors
significantly reduces the errors due to variation in particle-size of slurry samples.
The method of particle-size control in analysis of multielement ore slurries is based on the
measurement of characteristic X-rays intensities, excited by primary X-rays of two different
energies. In order to optimize this method for selection of the most sensitive pair of exciting
energies, the Rhodes-Hunter equation was used. Also an influence of metal concentration, solids
content and parameters of particle-size distribution on the accuracy of the method has been
calculated. The results of calculations have been verified experimentally with the use of Zn-Pb ore
slurry samples. The accuracy obtained experimentally is comparable with that based on theoretical

> approach.

Influence of the Propagation Plane Inclination Angle on the
Fluorescent Intensity: Study of the Emission of Thin Thickness
Samples and Determination of the Maximum Emission Angle
Jorge E. Fernandez*,'**
Laboratório di Ingegneria Nucleare di Montecuccolino
Universita di Bologna
Via dei Colli 16.40136 Bologna, Italia
Marcelo Rubio**
Facultad de Matemática, Astronomia y Fisica
Universidad Nacional de Cordoba
Laprida 854.5000 Cordoba, Argentina
i

A theoretical study of the fluorescent intensity emitted by a thin thickness multicomponent
specimen is carried out and a strong dependence with the a inclination angle of the propagation
plane is found.
The existence of one angular value crM to which the total fluorescent emission achieve a
maximum is demonstrated, and it is found that such angle essentially depends on the sample
thickness and composition.
Calculating crM by mean of the theoretical model it is possible to select the optimal excitationdetection configuration to reach the maximum fluorescent intensity compatible with the
characteristics of thickness and composition of the observed sample.
Inversely the thickness of a known composition sample can be estimated by mean of the
experimental determination of the oM angle. However was found that this thickness measure
method has a very poor sensibility.
The theoretical results have been confirmed by Monte Carlo simulation.

* Leave of absence from the Faculty of Mathematics, Astronomy and Physics of the University of Cordoba,
Argentina.
** Member of CONICET, Buenos Aires, Argentina.

A Method of XRF Spectrochemical Analysis Based on Some
Geometrical Properties of the X-Ray Fluorescent Intensity
Jorge E. Fernandez*,**
Laboratório di Ingegneria Nucleare di Montecuccolino
Universita di Bologna
Via dei Colli 16 - 40136 Bologna - Italia
Marcelo Rubio** and Jorge H. Sanchez*
.*•»
Facultad de Matemática, Astronomia y Fisica
Universidad Nacional de Cordoba
Laprida 854 • 5000 Cordoba • Argentina
In a previous work(l) was found out that the primary fluorescence intensity remains ••
invariant under variation of the a inclination angle of the propagation plane, besides the secondary |<

I

i

*••

a I values near to ir/2 which leads to its voidance!
at the limit |ct| •• x/2 (being this effect also extensible to all higher orders of XRF). As a consequence
of this fact the detected fluorescence is only composed of primary photons, simplifying the %
increasing complexity of the XRF intensity mathematical dependence on composition for a V
multicomponent sample.

|

This geometrical property is exploited to develop a spectrochemical method based in the fusage of this simplified .treatment of the XRF intensity that gives the possibility of calculate the

f
:

• sample composition as solution of a linear set of equations when the excitation spectrum is f
monochromatic, and as an iterative solution of a non linear set of equations for the more realistic
case of a polychromatic excitation spectrum.
The main difficulty from an experimental point of view consists in the lack of physical
possibility of measure accurately in the required extreme position. However, the intensity for the
limit case can be replaced by an extrapolated one from a succession of values of intensity (each one
of them corresponding to a different a angle in the neighborhood of ft/2) measured using a specially
designed sample holder.
Measured intensities under this scheme were used to determine the composition of the
dominant elements of several NBSCr-Fe-Ni standard steels. Comparison of results with NBS
reported values shows that this method is reliable and precise.
A statistical analysis of the error propagation also was carried out to determine the influence
of the intensity errors on the calculated concentration set.

f'
|

(1) J.E. Fernandez and M. Rubio, "Dependence of the propagation plane inclination angle on the fluorescent
intensity", submitted to X-Ray Spcctrometry.
• Leave of absence from the Faculty of Mathematics, Astronomy and Physics of the University of Cordoba,
Argentina.
*• Member of CONICET, Buenos Aires, Argentina.
••• Fellowship of CONICOR, Cordoba, Argentina.
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Gamma Ray Attenuation as a Method to Determine the
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Water Infiltration and Redistribution Parameters in Soil
Julio Cesar Martins de Oliveira, Antonio Domingos Bartholo
de Souza, Garlos Roberto Appoloni, Cesar Antonio Caggiano Santos
(Departamento de Física da Universidade Estadual de Londrina) e
Antonio Carlos Saraiva da Costa (CENA-Escola Superior
de Agricultura "Luiz de Queiroz")
The hydraulic diffusivity and conductivity parameters of L.V.e. (dark-red latosol), L.R.D.
(dusky-purple latosol) and T.R.E. (structurally-purple ground) soil samples were calculated by the
process of water infiltration (vertical and horizontal flow) and redistribution in the soil. The
experiments were carried out in the field (redistribution) as well as in the laboratory (infiltration

v

and redistribution). Data from time evolution of wet front and moisture profile measurements
from water infiltration in soil along with variational flow equations were employed in laboratory

'.

experiments. The spacial and temporal moisture profile 0(z,t) was obtained using gamma ray
attenuation method with *°Co and 241Am sources, standard electronics and a scintillation detector
*NaI (Tl). In the horizontal system, the data of the 0(z,t) were taken from the measurements system

.
f

in which the soil column was fixed and the set source, collimator and detector was moved by

i\

'electromechanic commandThesoil column was attached to a pressure controlled wetting system

fj

through a perforated acrylic plate and filter papers. In the vertical system and acrylic column

fj

coupled at its base to a ceramic porous plate that permitted water flow against the gravitational

f;

field was used. In this case the set source.collimatorand the detector are fixed and the system flow

fj

base column is moved vertically and horizontally by electromechanic command. Data and analysis
is achieved automatically through a computer system in the TK 3000 microcomputer with a special
interface (multicounter-timer). From the function 0(z,t) and from a diffusion mathematical model
* the parameters of the hydraulic conductivity were determined in the laboratory for two horizonts
of each type of soil (0-10 cm and 20-40 cm) measured in laboratory. For field study tensionmeters
were used at various depths in the soil to be studied. From the moisture data the evolutions of the
hydraulic conductivity of the L.R.D. [K1Oem(i) - 260.84 EXP 88.33 {9 - 0.41)] and LV.e. were
determined by the method of the instantaneous profile at 6 level of depression varying from 10 to
145 cm for redistribution process in the field.

Measurement of Energy Albedo for Backscattered
«

Gamma Rays for Composite Layers of Concrete
A. Bhattachaijee & A. K. Sinha
Department of Physics
Regional Engineering College,
Silchar-788 010-India
&
S. C Roy
Department of Physics
Bose Institute
Calcutta-700 009-India
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Measurements of energy albedo for backscattered gamma rays from shielding materials are
important in optimising gamma ray shields useful in technical applications involving nuclear"
radiations. In these applications the characteristic parameter which gives an integral measure of
gamma ray scattering is the albedo of the materials involved. It has been found that a layer of
optimal thickness of a suitable material when placed over the conventional shield material,
improves its shielding property. Unfortunately the measured albedo values from different;
composite shielding materials available in the literature are scarce. A systematic investigation withj
different sets of binary layers of different materials and of thickness will be very useful in the!
nuclear engineering problems.

%

Most of the authors made albedo measurements for backscattered photons with scintillation
counter coupled with multichannel analyser. The modified spectrum of gamma ray was corrected
by inverse matrix method. The proportional response photon counter whose efficiency is
proportional to the energy of the incident photon has been used in the present measurement.
Obviously the integral counts obtained from such a counter is a direct measure of energy albedo
and therefore does not require any response correction.
In the present investigation energy albedo measurements for the binary layers of concrete in
combination with iron aluminium and lead using 1250 keV source will be reported.

Number Albedo Measurements for Backscattered
Photons From Stratified Layers of
Iron, Concrete and Aluminium
A. K. Sinha & A. Bhattacharjee
Department of Physics
Regional Engineering College
Silchar - 788 010 - India
Albedo is considered as a parameter for the design of gamma ray shields. A new treatment
on the measurement of number albedo for backscattered photons from the stratified combination
of radiation shielding materials have been carried out. The stratified combination has been found
to attain higher shielding property as well as to acquire a virtual homogeneous entity with a
definite effective atomic number. Number albedo measurements have been carried out with
indigeneously designed Uniform Sensitivity Photon Counter which avoids tedious response
correction common with phosphor detectors coupled with multichannel analyser. The results
compared with theoretically obtained values were found to be more accurate. Measurements of
number albedo values and angular distribution of backscattered 662 keV and 1250 keV photons for
stratified combination of concrete, iron and aluminium have been reported.
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Transmission of Gamma-Ray Radiation Through
Concrete Shielding Materials
A. S. Mollah and M. M. Rahman
Institute of Nuclear Science and Technology
Atomic Energy Research Establishment
Ganakbari, Savar, GPO Box 3787
Dhaka-1000, Bangladesh

The gamma-ray attenuation properties of ordinary concrete (2.33 g/cm3), ilmenite concrete
(2.86 g/cm3) and magnetite concrete (2.78 g/cm3) have been measured experimentally from point
isotropic

241

Am,

137

Cs, ^ R a and ^Co sources. The dose buildup factors and instantaneous

relaxation lengths (up 10 10 mfp) have also been measured. The experiments have been carried out
using 7.6 cm x 7.6 cm Nal (71) detector and 600 cc ion chamber. The results illustrate the
effectiveness of their shielding properties.

ANSI Standard Data for Buildup Factors The Indian Contribution
D. V. Gopinath, K. V. Subbiah & D. K. Trubey*
Indira Gandhi Centre for Atomic Research
Kalpakkam - 603102, India
•Oakridge National Laboratory, Oakridge, U.S.A.

A basic requirement of wide spread application of any technology is the availability of well
developed standards and radiation technology is no exception to this. In all the industrial
applications of radiation, a parameter of vital interest is the transmission of radiation through
engineering materials. While numerous methods, starting from the back of the hand calculations to
the elaborate transport theoretic computer codec have been used in this context, a technique which
continues to command wide usage is the Point Kernal Method (PKM). Recognizing that the
accuracy of FHM is closely linked with the buildup factors, the American Nuclear Society (ANS)
constituted a sub-committee ANS-6.4.3, with participants from U.S.A., India and Japan, to establish
. a standard data base for the point source buildup factors. The committee, after extensive
computations using different techniques by independent teams and critical intercomparisons, has
prepared a draft Standard Reference Data for Gamma-ray Buildup Factors. The paper describes
the materials considered, data and methods used and intercomparisons made to arrive at the final
data base. In particular, the Indian contribution in the following areas is highlighted:
(i) Evaluation of published and unpublished moments method data by recomputation with ASF1T code.
(ii) Estimation of the contribution from annihilation, bremsstrahlung and fluorescence radiation to the buildup
factors. Effect of annihilation and bremsstrahlung for source energies above 3 McV and that of
fluorescence below OS MeV are shown to be quite significant for materials of high Z materials.
(iii)Investigation of the effect of introducing a tissue medium in the radiation field and evaluation of shieldtissue interface corrections for buildup factors.

Radiation Treatment of Hazardous Wastes:
A Preliminary Survey

G. Liuzzo
University of Rome "La Sapienza"
Via Eudossiana 18,00184 Rome, Italy
A. Tata
ENEA, Italian Commission for Nuclear and
Alternative Energy Sources, CRE Casaccia,
Via Anguillarese n. 301,00060 Rome, Italy

Environmental pollution from industrial hazardous wastes is becoming in industrially
advanced countries a very serious problem due to both the lack of adequate treatment/disposal
systems or plants for a large part of produced wastes and the increasing severity of national laws on
the matter.
In Italy, for example, toxic and hazardous wastes production reaches about four millions tons
per year, of which only one fourth is being adequately treated.
Low effectiveness and/or high unit costs of many traditional treatment methods have opened
large spaces to research and development of new and innovative technologies like, among others,
the treatment through ionizing radiation (gamma or electrons).
A feasibility analysis of above mentioned detoxification process is carried out with reference
to selected suitable wastes, reporting both results of related preliminary experimental activities,
and of technical-economical evaluations taylorized to actual industrial situations.

The Importance of Change in Valence by
Irradiation of the Doped Impurities in the Alkali
Halides During the Coloration Curves

S. Ramos Bernal, R. Soto Montiel1 and C. Rosete A.
Instituto de Ciências Nucleares, UNAM. Circuito Exterior, C.U.
04510-Mexico, D.F.
'Facultad de Ciências, UNAM. Circuito Exterior, C.U.
04510 - Mexico, D.F.

Computing simulation of radiation induced F center coloring in alkali halides. This simple
model is based in heterogeneous nucleation of interstitial H, around the divalent impurity ions with
which the samples were doped. In the present model recombinations of centers and defects are
allowed once the 7-radiation is turn off, therefore reproducing the experiment as it was performed.
It is assumed the creation of F and H pairs as primary event and mainly there types of centers are
created, one of each plays different part in each stage of the coloring curves. In stage I of the Fcoloring curve is reached with the single process of capturing one H defect by a dipole producing a
St center. The trapping of one additional H by St generates a less stable center S2. The trapping of
tone or more interstitial by S2 gives a stable aggregate center A responsible of stage III.

f;

Influence or Lead Concentration and Dose-Rate in the
Liquid Nitrogen Coloring of KBr

S. Ramos Bernal, C. Medrano P.1 and J. M. Hernandez A.1
Instituto de Ciências Nucleares, UNAM. Circuito Exterior, C.U.
04510-Mexico, D.F.
1 Instituto de Fisica, UNAM. Circuito Exterior, C.U.
04510-Mexico, D.F.

The coloring curve of quenched samples of lead-doped KBr has been investigated at 77°K
using optical absorption photoluminescence and ionic-thermocurrent techniques. The typical flat
stage is a coloring curve is not present and a straight line is observed. It is explained in terms of .
theoretical model that propose the inhibited of the S2 center responsible of stage II.

I

Room Temperature F-Coloring of Lead Doped
NaCI As a Function or Dose Rate And
Impurity Concentration

S. Ramos Bernal, C. Medrano P.1 and J. M. Hernandez A.1
Instituto de Ciências Nucleares, UNAM- Circuito Exterior, C.U.
04510 - Mexico, D.F.
1 Instituto de Fisica, UNAM. Circuito Exterior.CU.
04510 - Mexico, D.F.

The F-coloring kinetics has been investigated at room temperature in NaCl:Pb as a function

f;

of concentration and radiation intensity. It has been found that more coloring is produced the
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higher the concentration of the impurity, in agreement with our proposed theoretical models. It is

f

also found that this baheviour is quite dependent on the dose rate. It is interpreted as a process of

V

annealing induced irradiation.
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EPR Studies on Irradiated Samples of
Aqueous Malononitrile

S. Ramos Bernal1, A. Negron Mendoza1, H. Murrieta S.* and C. Rosete A.2
1 Instituto de Ciências Nucleares, UNAM. Circuito Exterior, C.U.
04510 - Mexico, D.F.
2 Departamento de Fisica UAM. Iztapalapa. Mexico, D.F.

í
f
\

i
Irradiation of aqueous solution of malononitrile have been investigated as a function of 7-ray
doses, using Electron Paramagnetic Resonance espectroscopy for detecting the presence of free
radicals. It was found that nitroso compounds a produced during irradiation acted as spin traps of
short lived intermediates converting then into long-lived free radicals. The spectra were taken on
chloroform extracts of irradiated samples.
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Radiation Versus Transport Losses in Fusion Devices
W.E. Engelhardt
JET Joint Undertaking, UK
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Fusion plasmas consist of hydrogen isotopes at temperatures in the 10 keV range.

!

Contamination by impurities originating from plasma-wall interaction are unavoidable. Line

I

emission from partially ionized ions constitutes a loss mechanism. It turns out, however, that this I
effect is of minor importance in modern fusion devices. Of real concern is the dilution effect and,
first of all, the energy loss by cross-field transport. Possible transport mechanisms will be classified
and their potential importance will be assessed. The main emphasis is on the question, if a steady
state equilibrium can exist in a toroidally confined plasma. It will be shown that the conditions for
stationarity are extremely restricted making a magnetically confined plasma a non-equilibrium
system in practice. Consequences for the resulting convective losses, which exceed radiation losses
by far, are discussed.

l

SAFETY AND ENVIRONMENTAL ASPECT OF FUSION
Yoichi Fujii-e
Research Laboratory for Nuclear Reactors
Tokyo Institute of Technology
2-12-1 Ohokayama, Meguro-ku, Totyo 152, Japan

As caoJbs seen in the development plan of fusion systems and the conceptual designs of
fusion reactors, the fusion system can be imaged as a huge energy system having the large societal
impact. In the fusion system, including the energy conversion and transport systems from the core
plasma of D-T reaction, the fuel cycle system and many other subsystems supporting not only the
core plasma but also the fuel cycle are located in the same site. The fusion system, therefore, may
involve many functions indispensable to the completion of an energy production system using a
fusion reaction, so that the system constitution would become complicated. Moreover, since the
subsystems with built-in radioactive materials and with a large amount of energy may be stationed
sporadically in a site and those materials and energies are kept flowing during a normal operation,
the potential hazards are distributed in a fusion system. Hence, in the consideration of the release
of radioactive materials upon an accidental condition, it should be noticed that the propagation of
abnormal events also would become complicated.
In the safety evaluation, the safety analysis and environmental assessment are important.
Such an importance is principally the same as that in the fission system, and especially, the main
part of the environmental assessment is focused, of course, on the radiological hazard for the
public However, since the fusion system would have a peculiar system constitution and system
behavior, it is surely necessary to provide the methodology of safety analysis, according to the
coherent safety principle in consideration with the characteristics of the fusion system.
Under circumstances that the fusion system is under development and its components are
not well fixed, though the eventual purpose of safety analysis is to evaluate the adequacy of the
system design, the safety analysis is desired to conduct embodiment of the essential functions in the
fusion system satisfying the safety requirements. Namely, it is important that the results of the
safety analysis and evaluation are significantly reflected on the innovation of the system design and
thje direction of rational research and development for the fusion system.
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The development of the methodology of safety analysis and evaluation is considered to be a
key issue in the fusion safety, since the safety evaluation is responsible for the safety protection of
the public. In order to complete the safety analysis and evaluation, moreover, many safety related {
items such as system characteristics, system behavior, safety features and environmental impact
have to be taken into account synthetically. The methodology of safety analysis and evaluation to
be developed is desirable to be applicable to a general fusion system, because a fusion system is
now in the early stage of system development and has many alternatives for ÍL. design.

i
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Safer Nuclear Reactors: Fission and Fusion
George H. Miiey
Department of Nuclear Engineering
University of Illinois
Urbana, Illinois 61801 USA

In order to successfully compete as future power sources, nuclear systems (both fission and
fusion) must demonstrate an improved, high level of "safety". In this context, "safety" includes
protection against violent accidents (like TMI, Chernobyl) and also against less dramatic
malfunctions such as leaks of radioactive substances like tritium. The latter issue is also dosely
associated with environmental compatibility.
To meet this challenge, the fission industry is considering three new types of reactors
employing "inherent safety". Present designs are distinguished by the coobnt selection: water
(PIUS), liquid sodium (IFR), or helium gas (HTGR). All designs substitute passive safety systems,
e.g., automatic flooding of the core, and in addition may offer smaller modular power units than
present fission plants. Despite their potential attractiveness, it is difficult to introduce new systems
like this into the market since users desire proven operation which requires demonstration units,
both a costly and time consuming step. Further, some experts question whether or not the cost of
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the added safety of new designs will be accepted in many countries. Thus the route of progressive &
improvement of present systems may be elected instead.
The other option which would force the safety issue is the possible development of an
alternate energy source with better safety characteristics. A strong potential contender with fission
is another nuclear power source, fusion. Considerable stress has been pbced on this direction in
present fusion research and development. A key issue in D-T fusion is tritium handling and
containment,and the main approach now is to design maximum reliance into these systems. A most
attractive alternative that is slowly gaining attention is to use "advanced" fusion fuel such as D-3He
in order to minimize tritium involvement.
These various approaches will be described in some detail and comparisons presented in the
talk.

|

Long-Term Nuclear Waste Management:
Present Status and Alternatives
J.P. Schapira
Institut de Physique Nucléaire,
BP n° 1,91406-Orsay, France

Since the sixties, a number of industrialized countries have been using nuclear energy for
military purposes or/and to produce part of their electricity. Although large amounts of spent
nuclear fuels (200,000 tons by the end of this century according to OECD) and nuclear wastes have !
been generated up to now, no long-term solution has proved to be safe "enough".
Long-term waste management deals primarily with the spent fuels unloaded from nuclear
reaaors, because their radiotoxicity lasts for more than thousands of years, due to the presence of
long lived highly radiotoxics a-emitters, such as neptunium (Np-237), plutonium (Pu-239/240) and
americium (Am-241). Two main solutions are presently considered in the various countries
endowed with nuclear programs. The first one is based on fuel reprocessing through which •
plutonium and uranium are separated from the fission products and all the other actinides (so
called minor actinides). These high level wastes are then vitrified. In the second option, spent fuel
is considered as a high level waste and is not reprocessed. In both cases, there is a general
agreement that long-term waste management of the highly radioactive wastes and possibly of the
low and medium active wastes containing a certain amount of a-emitters, should be based on deep
geological disposal. This solution is hampered by its irreversibility in the context of the various j
uncertainties related to the ability of the waste containers and of geological barriers to prevent
radioactivity to reach the biosphere, for a long period of time. Moreover, it should be pointed out
that the radiotoxicity of actinides have been recently increased, in 1980 and 1986, by the
International Commission on Radiological Protection (ICRP-30 and 48).
All these considerations have been taken into account by the so-called "Commission
Castaing", a body of independent experts appointed by the French Government between 1981 and
1985 to evaluate the back end operations of the nuclear fuel cycle. This committee has strongly
advocated the necessity of interim storage of spent fuels in pools or in containers until more
satisfactory solutions for long-term management be available on an industrial scale and
economically acceptable.

ako
In fact, a number of studies (Oak Ridge, IAEA, EEC,...) have emerged between 1970 and
1980 on the possibility of extracting not only plutonium but also neptunium and americium from
the high level wastes. The radiotoxicity of the high level wastes, continuously produced by the
nuclear programs, could then be stabilized by destroying or transmuting these isolated elements in
nuclear reactors or in high energy particle accelerators. This concept of actinide partitioning and
transmutation represents an alternative solution, because it could avoid in principle the necessity of
any deep geological disposal, the final wastes having to be only safeguarded inside surface
installations for few centuries. However, within the nuclear establishment, little credit has been
given to this alternative, due to an unfavorable political and technical context which will be
reviewed. In particular, significant technical improvements would have to be achieved in various
relevant fields such as chemical separation, fuel or target fabrications for reactor or accelerator,
strong reduction of actinide lost in the various wastes streams. Finally, we will examine how a
particle accelerator of high energy and intensity could contribute to actinide transmutation.
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Reactor Transmutation, a Utopian Solution?
»

A. G. Elayi
LP.N.B.P. N. 1 91406 Orsay Cedex - France
Hundreds of papers deal with the nuclear transmutation in reactors of isotopes of

neptunium, americium and curium with long half-lives produced during the fuel burn-up.
The present paper shows that this transmutation is pointless because of the presence of the
much larger quantity of isotopes of plutonium with long half-lives. Since it is an energetic material
(fuel for Breeder and thermal reactors) as well as a strategic material (weapons), plutonium is
considered separately and is not included in transmutation studies. However, being an energetic
material does not prevent plutonium from being directly or indirectly a dangerous radioactive
waste. In fig. 1 1J we show the variation as a function of time of the ratio of the radiotoxicity of the
spent fuel and the radiotoxicity of the corresponding plutonium used as a fuel instead of ^ U in a
thermal reactor. Obviously using the plutonium as a fuel increases the radiotoxicity up to several
hundred years. The use of plutonium in weapons does not eliminate its radiotoxicity; when these
weapons will be out of use, they will become radioactive wastes.
Is it possible to transmute all long half-life isotopes, including plutonium? this is out of our
reach for the time being for different reasons:
a) The facilities available over the world are not sufficient to reprocess all the fuel produced.
b) The transmutation in a reactor needs successive recyclings. To be used as a fuel during
these successive recyclings, larger and larger amounts of plutonium are necessary as the number of
recyclings increases. This huge amount of radiotoxicity in the reactor and the different handling of
the spent fuel produce a short term risk larger than the long term one.
Considering our current or near future technological facilities the nuclear transmutation of
long-life isotopes reprocessed from radioactive wastes seems to be a utopia.
fUEl 4503: M*</t

1) A. G. Elayi and J. P. Schapira, IPNO-DRE-87-07.
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Evaluation of Neutron Thennalization Parameters
and Benchmark Reactor Calculation Using a
Synthetic Scattering Function for Molecular Gases

V. H. Gillette, N. E. Patino, J. R. Granada and R. E. Mayer
Centro Atômico Bariloche and Instituto Balseiro
Comision Nacional de Energia Atômica and
Universidad Nacional de Cuyo
8400 • Bariloche - Argentina

Using a synthetic incoherent scattering function, which describes the interaction of neutrons
with molecular gases, we provide analytical expressions for zero and first order scattering kernels,
ao(Eo-»E) and a ^ E ^ E ) , and total cross section, 0O(EO). Based on these quantities we perform
calculations of Thennalization Parameters and Transport Coefficients, as well as Benchmark
Reactor Calculations, for systems under different conditions containing H2O or D2O. We compare
.our results with those based on other theories, as well as experimental information.

Study of cr-Radiation Damage in a
Steel for Fusion Technology

R. Caciuffo*, R. Coppola, S. Omarini, F. Rustichelli*
ENEA-Casacria, C. P. 2400,00100 Roma, Italy
•University of Ancona, Italy

The development of prototype or demonstrative fusion reactors requires new materials '•
providing very high resistance to thermal loads and to radiation damage. Mainly due to its low f
swelling, martensitic steel 1.4914 is presently considered a very attractive candidate for the |
technology of Next European Torus (NET) and in particular for the construction of the "first-wall", \
directly facing the plasma.

I

This contribution gives the present status of a research program concerning microstructural |
investigation of He-bubbles growth in steel 1.4914 for NET. In order to simulate the damage :
produced by the fusion reaction (D + T =» n(14 MeV) + He4*), thin samples were homogeneously ?
implanted with 38 MeV a-partides, by means of the Cyclotron facility at Joint Research Centre 1
Ispra, then annealed at high temperature before analysis by electron microscopy observations and I
by small-angle neutron scattering measurements. Preliminary results confirm that the coalescence |
of He-bubbles, produced under the experimental conditions hereabove, is considerably slower with %
respect to what is observed in austenitic steels. This fact is in agreement with macroscopic \
irradiation behaviour.

X-Ray Radiation in Laser-Produced High-Z Plasma

Zhang Jun, Chang Tie-qiang, Xu Shao-ze, Sui Cheng-zhi,
Chen Guang-nan, You Xi-wen
(Institute of Applied Physics and Computational
Mathematics.
P.O.Box 8009, Beijing, China)

Numerical simulation results are presented for X-ray radiation produced in the interaction of
laser and planar gold targets. The characteristics oflase* X-ray conversion is clearly described. The
numerical laws of laser absorption efficiency and X-ray conversion efficiency depended on laser
parameters are also given. Scaling laws for ablating plane Au targets are obtained and compared
with experimental ones. The physical mechanism of laser X-ray conversion is analytically discussed
and analytical results are compared with numerical ones.

Finite Radiation Temperature EfTects on HighFrequency Strongly Coupled Classical Plasma
Waves in a Magnetic Field
Dr. R. O. Genga,
Department of Physics, University of Nairobi
P. O. Box 30197, Nairobi, Kenya

We determine the effects of finite radiation temperature on high-frequency strongly coupled
classical plasma waves by using high-frequency sum-rules. Although high-frequency sum rule is
exact it requires that flu'1 < < 1 and «p w'1 < < 1, thus, not very reliable for the calculation of the
dispersion relations. Under normal laboratory conditions the effects of finite radiation temperature
are very small hence can be ignored. However, in situations where finite radiation temperature is
very high, as in the case of stellar interiors, its contribution must be taken into account
The high-frequency modes of interest are the "ordinary" and the "extraordinary" modes. The
extraordinary mode of interest is the one with cut-off frequency
ft
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where ft =

eB
in

and

We consider these modes for parallel and perpendicular propagations. We find that finite radiation
temperature results in an upward renormalization of the frequency for both longitudinal and
extraordinary modes. Further, for parallel propagation it also leads to a reduction of the negative
correlational effect on plasmon dispersion for longitudinal mode and an enhancement of the.
4

positive dispersion for the case of the extraordinary mode for finite k. Finally, for the case of
perpendicular propagation the results for the extraordinary mode is the same as in the case of
parallel propagation, however, for the ordinary mode we find that radiation temperature increases,
rather than decreases, the positive thermal effect in contrast to its effect on longitudinal plasmon
dispersion for finite k.

The Spectroscoplc Study of Radiation
Produced in a Theta-Pinch

A. G. Trigueiros, C. J. B. Pagan, M. Machida
Instituto de Física, UNICAMP
CPostal 6165,13100, Campinas, SP, Brazil

One of the methods of studying the high temperature plasma produced in the experimental
apparatus theta-pinch is the observation of spectral lines emitted from discharge in the gases.
Our purpose is to study the spectra of Ne, Ar, Kr, Xe, O and N in different stages of
ionization
The radiation will be detect using a 2-meter normal incidence spectrograph (300 - 3800 A).
The spectral lines and energy levels will be study with theoretical calculation and
isoelectronic extrapolation.

The Heat Flux Calculation for the Laser Fusion Problem

S. A. El Wakil1. E. A. Saad2. M. T. Attia1, S. El Labany1
1. Physics Department, Faculty of Science,
Mansoura University,Mansoura, Egypt
2. Nuclear Research Centre, Inchas, Cairo, Egypt

The problem of heat flux at the critical surface and the surface of a pellet of deuterium and
tritium (conduction zone) heated by a laser is considered. Ion-electron collisions are only allowed. f
So the linear transport equation is used to describe the problem with boundary conditions consist |
of isotropic and diffuse boundary condition. The bivariational technique is used to calculate the |
•x

electron density and the temperature across the conduction zone as well as the heat flux. Numerical *
results are given and compared.

Í

Plasma's Electron Temperature Measurements
in the TBR-1 Tokamak

A. Vannucci, I. C. de Oliveira, I. C. Nascimento, E. K. Sanada
R. M. O. Galvão, K. Andreia
Instituto de Física, Universidade de São Paulo
CP. 20516,01498, São Paulo, Brazil

The electron temperature of the plasma confined by the TBR-1 tokamak was measured
using the method of soft X-ray absorbing foils. The continuous X-ray emission from hot plasmas is
mainly due to bremsstrahlung interaction of energetic electrons with hydrogen isotopes and
impurity ions, and electron-ion recombination. The radiation flux was detected by pairs of surface
barrier detectors placed ~ 45,5 cm from the center of the plasma column. In front of the detectors
berylium foils of jwo different thickness (2 kA and 5 kA) were positioned. The ratio of the
detectors output signals defined some local electron temperatures which are T# ~ 200 eV at the
center of the column and T# ~ 85 eV, under and above this position.

Optimization of Implosion Phase on T.C-I By Light
Emission Analysis

E. A. Aramaki*, P. Porto, M. Ueda** and M. Machida»**
Instituto de Física Gleb Wataghin,
Universidade Estadual de Campinas
Campinas, 13081, SP, Brazil

The best operation condition on field reversed theta-pinch T.C-I - UNICAMP is studied by
analysis of the helium plasma light emission during the pre-ionization and implosion phase.
T.C-I machine can be operated with crow-bar switch on pre-ionization and main phase, in
order to fix the oscillation time as well as time interval between pre-ionization and main bank
discharge.
A detailed study has been done by changing above parameters and working gas pressure,
. using fotodiode, spectrometer, magnetic probes and Faraday Cups.
The results from these diagnostics indicates that the ion temperature of the peak of about
ISO eV, and electron density of 2xlO15 cm"3 changes drastically when pre-ionization stage is I

•

modified slightly.

|

* Actual address: PICD, Universidade Estadual Paulista "Júlio de Mesquita Filho", Campus de Guaratinguetá,
Faculdade de Engenharia Guaratinguetá, SP, Brazil
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** Ministério de Ciência e Tecnologia, Instituto de Pesquisas Espaciais - INPE, São José dos Campos, SP,
Brazil
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Instituto de Física, Universidade de São Paulo - USP, 05568, São Paulo, SP, Brazil

Heating ora Plasma By Two Radiation Fields Regarding Nuclear
Fusion Experiments

A. L. A. Fonseca*, A. C. Nunes* and F. R. F. Aragâo
Physics Department, University of Brasilia
70910, Brasília, D.F. Brazil

We propose in this work that plasma be heated to thermonuclear temperature by the rapid
absorption of electromagnetic energy from two laser fields (weak and strong). The results show1
that the joint action of the two laser beams gives a nonvanishing but large heating rate in the
regime of high intensity of the strong laser in contrast to the case where only one laser (strong) is
present2. This shows that our mechanism may be one of the most efficient mechanisms for the
heating of a plasma by radiation in order to induce nuclear fusion reactions.

References
1. A. L. A. Fonseca, A. C. Nunes and F. R. F. Aragão Pbys. Rev. A. (Submitted)
2.-J. F. Seely and E. G. Harris, Phys. Rev. A7,1064 (1973).

+ Under CNPq Research Doctorships.
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Effect of the Magnetic Field on the Plasma Parameters

M. Ghoranneviss, M. Elahi* and M. Pirayandeh**
Plasma Group, Atomic Energy Organization - Tehran - Iran
•Dept of Physics, Razi University - Bakhtaran - Iran
**The Islamic Azad University - Karag - Iran

This paper describes the effect of the magnetic field on the plasma parameters. Plasma was |
produced by ion source in Aluminum cylinder tube (1 m length and 25 cm diameter).

|

In this experiment the magnetic field has different influences on the plasma radiation, |
according to the nature of the excited atom. Thus at the low pressures, metal atoms radiation is |
amplified by the field whereas the gas atoms radiation is inhibited. At the high pressures radiation :.•
intensity shows little sensitivity to the magnetic field variations.

t

Amplification at the low pressures of the gas atoms radiation in magnetic field may be |
understood as a consequence of the magnetic field influence on the source sputtering and on the
ion distribution function.
The inhibition in the magnetic field of the both of the gas atoms radiation at any pressures
used, and of metal atom radiation at the high pressures is accounted for by the magnetic field role
in causing, similar to the plasma density distribution, a decrease of radiation intensity in the central
area of the plasma.
In this condition an additional amplification of the metal atom lines can be observed. These
results are interpreted in the light of the measured plasma parameters and the reports published by
the other workers.

The Measurements of the X-Ray Radiation
in the "Flora" Device

S. Czekaj, S. Sledzinski
Institute of Plasma Physics and Laser Microfusion, Warsaw
V. A. Gribkow, A. V. Dubrowskij, O. N. Krochin
Lebedev Institute of Physics, Moscow

The results of the influence of the laser radiation upon parameters of the hard X-ray
radiation emission from the PF-device operating in the X-ray mode are presented.
The experiment was carried out on the system FLORA. The system consisted of: the plasma
focus device of the Filippov type (30 kJ at 25 kV); twenty - channel Nd pulse laser (5-50 J in 2 ns)
and the system of their mutual synchronization.
It was found out that the laser radiation changes energy distribution of the hard X-ray
radiation emission.

POST DEAD LINE

Low-Energy Gamma-Ray Albedo
Panin M. P., Panchenko A. M., Barashev A. V.
(Moscow Physical Engineering Institute, USSR)

The results of the systematic Monte-Carlo research of low-energy gamma-ray (20-300 keV)
albedo are presented. Plane semi-infinite beryllium, carbon, water, aluminium, titanium, iron,
tungsten and lead reflectors are considered, the effect of an electron bond on scattering and the
possibility of fluorescence generation have been taken into account.
The set of integral and differential albedo data for a point monodirectional source has been
obtained. The main characteristics of the backscattered radiations field are discussed. The
technique for semi-empirical representation of differential albedo data is given. In the atomic
number range from 4 to 30 the albedo data set is shown to be complete, i.e., it makes the atomic
number (for compound materials - the effective atomic number) interpolation to obtain
quantitative albedo data possible. The methods of such interpolation are given.

Generation of Intense Neutron Pulses by
Using a Laser-Plasma Ion Source
Yu. A. Bykovsky, A. S. Tsybin
Moscow Engineering-Physics Institute
Kashirskoe shosse, 31, Moscow, 115409, USSR

.

The results on neutron radiation parameters by using a laser-plasma source of hydrogen ions

are presented. Plasma bundles are created on laser irradiated (E£ 0,1 J, r ~ 10* s) solid target in
vacuum chamber. A beam of ions is accelerated from a bundle or with other particles of plasma to
an energy of ISO keV and directed on to a special target. At operating data a neutron yield of more
than 10* n/pulse can be generated during pulse duration of 10*s.
Constructions of such laser neutron sources (LNS) are considered. One of them is a
generator made on traditional scheme of small size acceleration tube with a coaxial system of
electrodes. Another one is based on magnetically insulated diode with a laser plasma anode.
A repetion rate of LNS is defined by using lasers. A stored energy of LNS acceleration
System is not more than 50 J/pulse [1].
Some advantages of such radiation sources are the same:

- high energy efficiency in the low-energy exploation region;
«- high stability of a neutron yield;
- small size and simplicity of an acceleration tube with a laserplasma source.
Other possibilities of increasing the ion acceleration efficiency and decreasing a neutron
pulse duration up to 10*s are discussed.
The main application fields of LNS are considered.
References
1. Yu. A. Bykovsky ct. al. Preprint of Moscow Engineering-Physics Institute, 1986, N 027-S6.

Absolute Measurement of 155In Capture
Cross Section at 144 and 565 keV
Ma Hongchang, Lu Hanlin, Rong Chaofan
Zhao Wenrong, Ren Peixue, Yang Xiaoyun
(Institute of Atomic Energy,
P.O.Box 275 (20), Beijing, China)

The cross section of 156In (n, f)

168m

In reaction was measured by the activation technique at

144 and 565 keV neutron energies. The reaction of 7Li (p,n) 7Be was used as a neutron source in
2.5 MV Van de Graff accelerator, by means of H2 and CH4 filled proportional counter to j
determine the neutron fiuence. A 4JT/J counter was employed to detect the fi activities of 166mIn. The
efficiency of the detector was calibrated by the 4x0-1 coincidence technique. The work was finished
on the basis of which we participated the international intercomparison of neutron fluence at these \
i

two neutron energies (1).
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(1) T. B. Ryvcs, Metrologia 24,27 (1987).

Angular Distribution of Neutron Dose Equivalent Near
a Tantalum Target Bombarded by Ne-20 Ions With
an Energy of 18.7 MeV/Nucleon

G. Ya. Kaskanov, D. A. Roschin, Yu. G. Teterev, V. I. Tsovhun

Measurements of neutron dose equivalent on an external heavy ion beam from the U-400
cyclotron of the Laboratory of Nudear Reactions of JINR were carried out. The pairs of TLD-600
and TLD-700 thermoluminescent detectors placed in polyethylene moderators and carbon
activation detectors were used. Measurements with a shadowing cone were done to take the
background into account. The results are presented for the 0° • 135° range of angles and are
normalized to one incident ion. The data can be used for the estimation of radiation fields and
shielding of heavy ion accelerators.

The Use of the Form Factor Formalism
in Crystallography
D. C. Greagh
Department of Physics, University College,
University of New South Wales,
Northcott Drive, Campbell, ACT 2600, Australia

The concept of atomic form factor is employed extensively by crystallographers to deduce
crystal structures from the data acquired in X- ray scattering experiments. This formalism,
however, is simplistic, and even for the case of isolated atoms and moderate photon energies givens
only an imperfect view of photon scattering.
It may seem surprising, therefore, that this model is used to solve crystal structures. This
paper will explain why interested in the solution of crystal structures persist in using the form factor
formalism. Examples will be given of the use of the formalism to determine crystal structures.
Comparisons will be made with the predictions of more precise photon scattering
formalisms.

Measurements of Equivalent Attenuation Coefficients
n

<2 fc

of Dental Enamel and Bone
Rodas Duran, J. E.
(Faculdade de Filosofia, Ciências e Letra de
Ribeirão Preto-USP, 14049 - Ribeirão Preto, SP, Brazil)

Polyenergetic radiation are commonly utilized in radiodiagnostic and nuclear medicine. In
this paper the experimental determination of the values of the half value layer (HVL) of the dental
enamel and bone (femur) were made by thermoluminescence measurements. The samples were
irradiated with radiodiagnostic and radiotherapy x-ray sources. The HVL data were used for the
determination of the values of the equivalent attenuation coefficient fi , as a function of the
equivalent energy E^ of the radiation source. We have worked with equivalent energy in the
interval 24.0 to 52.3 keV, and can be seen that the values of p

for both samples show a fast

increasing with the decreasing of the value of E^. We can conclude that in this interval of E , the
values of p for enamel are always greater than that of the bone for the same E .
'

Analytically, for the cases in which we have used a narrow irradiation beam of polyenergetic

photons, an evaluation of the "local" attenuation coefficient p permits the specification of an
equivalent photon energy (i.e., the energy of a monoenergetic photon beam having an attenuation
coefficient equal to the local attenuation coefficient of the polyenergetic beam). Under several
physical conditions (whether attenuation of photon fluence, energy fluence, or exposure is being
described) Pç-P^, as the evaluation of the /fyneeds an understanding of spectrallydistributed photon
fluence $ g = $°E exp{-/f(E).x}, where #°E is the initial spectrum value, x is the thickness of absorber,
and p is the total linear attenuation coefficient; the values evaluated for p^ can be utilized to
describe $E as a function the equivalent energy E^ of the irradiation source.
«

The values calculated for p^ in the interval from 24.0 to 52.3 keV, varies from 7.51 to 1.41 cm'1

for the dental enamel and from 4.40 to 1.23 cm'1 for the bone.

Total Mass Energy Absorption Coefficients and f-Factor
For Human Tooth Enamel
*
Rodas Duran, J. E.
(Faculdade de Filosofia, Ciências e Letras de
Ribeirão Preto-USP,
14049 - Ribeirão Preto, SP, Brazü)
In this study we calculate the most important parameters that permit an understanding of the
effect of ionizing radiation on dental enamel. Some of the calculations were made based on results
obtained from advanced quantum theories developed by J. H. Hubbell (Radiat. Res. 70, 58-81
(1977)).
Our calculation of the chemical composition of the dental enamel shows a high* percentage of
calcium and phosphorus, which values have a little discrepancy of at least 5% of values measured
by atomic absorption(1). It was proved that dental enamel would be a good attenuator of the
radiation, even when the energy of the monoenergetic photons are in the intervals from 10 to 100
KeV, which are energies encountered in diagnostic radiology. For energies lower than 40 KeV the
dominant interaction in this biological material is the photoelectric effect. So photoelectric cross
section grows when the energies of the photon are below 10 KeV, we expect that the dental enamel
«present a good performance as an attenuator of energies lower than 10 KeV.
Our results shown that the dental enamel, compared to other biological materials, have
higher values of the mass attenuation (M/p) and mass energy-absorption coefficients (£*«,//>)> for
photons with energies in the interval from 10 to 150 KeV, approximately. These results must be
explained by the chemical composition of dental enamel, as well as by the manner in which photons
interact in materials in this energy interval. The dependence of the values of the f-factors for
different photon energies from 10 KeV to 10 MeV, did show that this biological material can be a
good biological dosimeter especially for the detection of radiation with energy below 150 KeV. For
energies above 150 KeV, the energy absorption by dental enamel is approximately the same as for
the bone. This dosimetric characteristic of the dental enamel was already established by electron
paramagnetic resonance using irradiation photons having energies up to 12. MeV(1>.
Reference
1. J. E. Rodas Duran., et. al., Dosimetry of irradiated human teeth - ESR Dating and Dosimetry, IONICS,
Tokyo, 391-396 (1985).

Determination of Iriditun Concentrations in Sedimentary Rocks
and in the Geological Standard PCC-1 by tediochemical
Neutron Activation Analysis
M. J. A. Armelin, M. B. A. Vasconcellos, E. B. Pereira
and F.Sircilli Neto
Instituto de Pesquisas Espaciais • INPE
CP. 515,12201
São José dos Campos, SP, Brasil

A radiochemical neutron activation analysis procedure is described for the determination of
concentration levels of iridium in sedimentary rocks and in the geological standard PCC-1. After
irradiation, the powdered rock samples and standard are dissolved with a mixture of HF, HNO and
HC1O in a teflon pump. The final solution obtained, in diluted HC1, is percolated through a column
containing the cationic resin Bio Rad AG 50W-X8. The interfering radionuclides are sorbed by the
resin. The effluent solution containing iridium is concentrated for counting by evaporation.
r

Experiments with radioactive tracer for checking radiochemical separation yield are carried out.

The accuracy of the method is evaluated by means of analysis of the USGS standard rock
perídotite, PCC-1. The method is used for the determination of iridium in 16 samples of
sedimentary rocks collected at different depths in the "Campos" basin-RJ (BRAZIL).

Analysis of the Wind Data and Estimation of
the Resultant f Exposure Rates

Shze Jer Hu*, Hiroshi Katagiri and Hideo Kobayashi
Department of Health Physics
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

Statistical analyses and comparisons of the meteorological wind data obtained by the
propeller and supersonic anemometers for the year of 1987 in Japan Atomic Energy Research
Institute, Tokai were performed. The average air concentration and 7 exposure rates for the normal
operation of a nuclear plant were estimated using the two different sets of wind data.
The difference in the average air concentration and 7 exposure rates calculated using the two
different sets of wind data is due mainly to the influence of low wind speeds at calm. If the number
T

of calm is largí, actual low wind speeds and wind directions should be used in the estimation of
doses for normal operation of nuclear plant.

f

As supersonic anemometer is reliable and can give accurate wind speed to as low as 0.1 m/s,
supersonic wind data should be used in the statistical analysis of atmospheric dispersion and dose
estimation for the normal operation of a nuclear plant.

* School of Physics, Universiti Sains Malaysia, 11800 USM Pcnang, MALAYSIA

7-Ray Compton Spectrometer at Bialystok Branch
of the Warsaw University

J. Plechta, L. Dobrzynski, T. Krogulski, J. Waliszewski
and E. Zukowski
Institute of Physics, Bialystok Branch of the
Warsaw University, Lipowa 41 St., 15-424
Bialystok, Poland

A design for a 7-ray Compton scattering spectrometer is presented. The dimensions of the
vacuum scattering chamber are 1700x400x400 mm, the distance source-sample, sample-detector
and scattering angle are 620 mm, 760 mm and 170° respectively. Two gamma-ray-sources: 19êAu (E7
- 412 KeV) and 137Cs (Ey= 662 KeV) may be used. The gold source initially activated to 75 Ci was
employed in measurements of the Compton profile of aluminium sample ($ « 30 mm, 2 mm
thickness) to check the design and electronic system functioning. The 4096 channels spectrum from
germanium detector was accumulated over a 85 h yielding intensity about 8xlO6 under the
Compton peak. The numerical procedures from University of Warwick were adapted to IBM
PC/XT microcomputer and were used to deconvolute Compton profile from the experimental
data. The results are in good agreement with the literature data.

Diffusion Enhancement in FeNi Alloys
During Fast Neutron Irradiation

V.Sdani,G.Lucki
Divisão de Danos de Radiação - IPEN-CNEN/SP

The search for radiation damage resistant material is important for the development of
nuclear technology. In thisframework,the irradiation produced diffusion enhancement is of special
interest for the understanding of the mobility of point defects and its agglomerates and
consequently the micro and macroscopic physical properties changes,such as, swelling. In irradiated
materials an excess concentration of point defects is created by high - energy particle
bombardment. In present work the effect of fast neutron (E> 1 MeV) irradiation on FeNi (50-50
at.%) alloy is analyzed, at high temperatures (T>650K), by means of Magnetic After Effect. It was
observed that for temperatures T>T(n/2 (Tm = 1/710K - absolute melting temperature) the
enhanced diffusion conditions existed due to fast neutron produced vacancies with an activation
energy of 1.41 eV. For T>T |j| /2, the diffusion is described by the predominant thermal effect with
<an activation energy of 3.06 eV, becoming independent of the irradiation. Results of FeNi alloy
doped with 0.1 at% Cr and 50 ppm Mo are also presented

Procedures to Accelerate the Decorporation of Cesium-137
•

in Patients with Internal Contamination Goiânia Radioactive Accident
Rosana Farina
Comissão Nacional de Energia Nuclear
Instituto de Radioproteção e Dosimetria
Av. das Americas, Km. 11,5 - CP. 37750
CEP 22602 - Rio de Janeiro - RJ - Brazil
In the accident with Csl37 which took place in Goiânia, it could be verified that the majority

of the victims presented internal and external contamination. In order to minimize deposits in
internal organs and tissues and to enhance the excretion of Csl37 we started treating the patients
with: (1) Prussian Blue, oral administration, in about 46 patients, (2) Diuretics, oral administration,
in 17 patients, and (3) Increasing the Csl37 elimination by the sweat. Those proceedings were done
under rigorous clinical evaluation and with data from radiochemical assay of excreta and
afterwards with data obtained through the "in vivo" analysis through Whole Body Counting (Body
Burden).

"

Measurements on Rayleigh Scattering and
Comparison with Form Factor Theories
60 keV < E < 600 keV
O. D. Gonçalves, S. de Barros, J. Eichler
Instituto de Física, Universidade Federal do Rio de Janeiro,
Cidade Universitária, CP. 68.528
21.941 - Rio de Janeiro, RJ, Brazil
In the last years measurements of the elastic scattering cross section were performed on U,

Pb, Pt, Sn, Ag, Mo, Cd, Zn, Cu and Al (1-6). Gamma energies from 60 keV to 662 keV and
scattering angles from 5° to 140° were studied corresponding to a momentum transfer of 1 to 40
A'1. The results were compared with cross section calculations of second order perturbation theory,
published by Kissel and Pratt(7). The agreement between experimental and theoretical cross
section is good in all cases. These calculations depend on atomic number, energy and scattering
angle and complete tabulations are not available yet in the literature.
*

Due to the importance of elastic scattering of 7-ray in many areas of science and thecnology,

it is desirable to use more simple theoretical approximations for the calculation of cross sections.
Form factor teories depend only on two variables, atomic number and momentum transfer, which
permits a rapid and practical calculation of Rayleigh cross sections. However, the limits of the
validity and the precision of this method is not sufficiently known, in all cases. It is the aim of this
paper to contribute to the investigation of this problem.
From the cross section measurements we calculated an experimental form factor which was
compared with various calculations and tabulations existing in the literature for unpolarized
radiation. The following conclusions can be drawn:
*

(a) In the region of momentum transfer between 1 and 10 A'1 form factor calculations are a
good approximation within the experimental error of 10%. It is not possible to discriminate in this
region form factor theory(8), modified form factor theory(9) and even non-relativistic form factor
theory(lO), which yield similar results.
(b) For momentum transfer from 10 to 30 A'1 discrepancies between different form factor
theories arise. Good agreement with experimental values exist only for the theory using the

(modified form factor(9).
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Nonlinear Analysis of Noise In the Transmission of
Infrared Radiation in the Atmosphere

V. Babin and R. Campeanu
Central Institute of Physics - Bucharest

Noise induced by the random fluctuations of the atmosphere is analyzed employing a
determinist nonlinear system of equations as model for the phenomenon. The first integrals of the
nonlinear equation system are sought for using the technique of algebraic invariants for these types
of equations. Results obtained are in agreement with experimental values.

NEW GAMMA LINES OBSERVED IN THE BETA DECAY
OF A 166mHo STANDARD SOURCE
T. Oganuaga, O. Helene*, A. Hachem, G. Ardisson
Laboratoire de Radiochimie, Université de Nice,
06034 Nice Cedex, Franca
*Instituto de Física, Universidade de São Paulo,
CP 20516, São Paulo, Brasil.
The decay of 166mHo long-lived isomer has been reinvestigated, after radiochemical
separation, using coaxial HPGe detectors, LEPS spectrometers and gamma-gamma
coincidence method. The energies and intensities of 50 gamma Unes have been measures
with improved accuracy. 10 of then are newly reported. An 166Er scheme built on the basis
of these data interprets all gamma-rays measured. New 166Er excited states at 763.2,1527.1
and 1572.1 KeV are discussed.

