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This booklet was prepared on the occasion of the twentieth
anniversary of the foundation of the Nuclear Physics Institute
of the Czechoslovak Academy of Sciences. It appears in the period
when the thirtieth anniversary of the liberation of our country by
the Soviet Army is celebrated and when all of us analyse our
activity and evaluate its results.

The booklet is intended to provide a brief survey of the scientific
problems studied in the Institute and to summarize the most
important results achieved both in the fundamental and in applied
research. Also, it supplies an information on the experimental
equipment of the Institute's laboratories.

The historical foreword covering outset and development of nuclear
physics in Czechoslovakia was written by Prof Vaclav Petrzilka,
Corresponding Member of the Czechoslovak Academy of Sciences
— doyen among nuclear physicists in Czechoslovakia.

I EDITORIAL BOARD /
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/ Preface j In his everyday activity, a scientific researcher is obliged to concentrate his
thougths on a very narrow range of problems. Unfortunately, his research work
must share much time with steadily growing organizational and administrative
activities, too. This may lead to a situation when the subject of the research
is not felt in its totality any more. In order to reduce such a danger it is
necessary to come to a standstill from time to time, to step aside and survey
the bygone period thoroughly and to recapitulate it. Simultaneously, we have
to keep in mind that a dynamic process and not a closed structure is treated.
Thus we have to consider not only successes and shortcomings of the past, but
also the present which joins us with the future by creating the material,
personal and intelectual conditions for it.

Round anniversaries are such useful milestones for a survey. Thus on the
occasion of the twentieth anniversary of the foundation of the Nuclear Physics
Institute of the Czechoslovak Academy of Sciences, the leading members
of the staff of the Institute have taken up this task. The preparation of this
booklet by the Editorial Board belongs to that task, too. And the reader
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himself may judge whether the authors compassed the aim. As regards us, we
would like to add only that this booklet does not overestimate the successes
attained in the past twenty years. We are aware of the fact that our society
spends sizeable means on our research. We consider this as an obligation and
a decisive majority of the staff reciprocate it by a devoted and engaged
activity. Fortunately we are not left alone in solving our tasks and we may
benefit considerably from a close collaboration with several foreign
institutions, notably with the Joint Institute of Nuclear Research in Dubna
(USSR). Also, the whole range of scientific institutes in the Soviet Union and
othqr Socialist states take important part in the collaboration.

*
In spite of the intensive and expensive research all over the world, atomic
nucleus does not cease to be for us puzzling in many respects. Moreover, the
use of its properties for the welfare of mankind is by far not complete or
finished. In the near future, we will take an active part in solving a number
of important and interesting problems and when surveying past twenty years
the conviction arises that the staff of the Institute shall stand this proof well.

Dr. JOSEF TUCEK
Associate Professor
Director of the Nuclear Physics
Institute.
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LOOKING
BACK
OVER

HISTORY

Althou¿L. uranium ore from Jáchymov was used by Pierre Curie and Marie
Curie-Sklodowska when discovering radium, a sole work on nuclear physics
appeared in our country till the first world war. It was a work by Prof.
Bohumil Kucera and his student Bohuslav Masek on the penetration of
alpha particles from polonium source through metal foils. It was at the time
when this problem was studied by E. Rutherford himself.

It was only in the twenties, when together with the necessity to create
a Czechoslovak Institute of Radiology also the question of a specialized
training of physicists in nuclear physics appeared. This was mainly
compelled by a production of the radium in the Jáchymov plant inherritted
from the Austria-Hungary Monarchy. The possibility to apply the radium
in medicine and biology initiated the international scientific contacts in the
radiology. Frantisek Bëhounek, a later Academician, and then other
physicists spent some time at foreign laboratories and institutes in order to
gain the first experience with radioactive materials there. After they had
returned the scientific and research activity in the radiology and the
dosimetry began. Further Czechoslovak physicists got acquainted abroad
also with artificial transmutations of elements and with a preparation of the
artificial radioactive materials. In the autumn of 1938, the first nuclear
emulsion were irradiated by the cosmic rays at the Astronomical
Observatory at Skalnaté Pleso in the High Tatras.

However, when the possibility of peaceful technical applications appeared,
a group of researchers in nuclear physics was constituted. For their
scientific work the Laboratory of Nuclear Physics was established after 1945.
It resulted from efforts of Academician Zdenëk Nejedly, president of the / 13



former Bohemian Academy of Sciences and Arts, to transform the Academy
into a working institution.
Originally, the Laboratory of Nuclear Physics was placed and began to work
in the Institute of Physics of the Charles University. Even when the
Laboratory moved to its own building in Prague-Hostivar in 1951, it was
only a temporary solution. After the Czechoslovak Academy of Sciences
had been established in 1952, the Laboratory became the first experimental
workplace of a newly founded Institute of Physics of the Czechoslovak
Academy of Sciences. The staff of the Laboratory was engaged in the
nuclear spectroscopy, in the nuclear reactions and in the cosmic rays at that
time. They had only the Cockroft-Walton accelerator with the maximum
accelerating voltage of 1,2 MV at their disposal.

Nonetheless, only the year 1955 may be declared a proper commencement
of the scientific and research activity in nuclear physics and in related fields
in Czechoslovakia. In fact, in 1955 the Soviet Government took a decision
to extend the scientific and technical support in nuclear research to the
government of the Czechoslovak republic and of other socialist countries,
as well. Within the framework of this agreement Czechoslovakia received
the cyclotron U-120 and nuclear reactor VVR-S. They constituted the first
large-scale experimental facilities for nuclear research. Delegation of the
Czechoslovak Government ratified the contract in Moscow in March and
April 1955.

Czechoslovak Government founded the Governmental Committee for the
Atomic Energy and in the same year of 1955 the Government agreed to
the Committee's suggestion to found the Nuclear Physics Institute. The / 14



Institute was located in Rez near Prague and the construction of
corresponding laboratories started immediately. First, the Institute was
controlled by the Governmental Committee for the Atomic Energy, and
it was attached to the Czechoslovak Academy of Sciences in 1956. The
Laboratory of Nuclear Physics in Prague-Hostivar was attached to the
Nuclear Physics Institute in this year and a new Department of the
radiological dosimetry was instituted there, too.

To prepare the specialists for interdisciplinary branches of physics,
mathematics, chemistry and technical sciences, the Faculty of Nuclear
Physics and Engineering of the Czech Technical University was established.
At the same time, the Faculty performs a scientific and research activity.
Also in some institutes and laboratories of the Slovak Academy of Sciences
and at Slovak universities, groups working in the nuclear physics and
related fields exist.

To meet the needs of the nuclear engineering and other nuclear applications,
the departments of nuclear physics, of nuclear chemistry and that of nuclear
technology grew quickly up. This was the reason why the name of the
Institute was changed to the Nuclear Research Institute of the Czechoslovak
Academy of Sciences in 1959. In the 1972, the Institute was divided into the
Nuclear Physics Institute of the Czechoslovak Academy of Sciences, the
Nuclear Research Institute of the Czechoslovak Atomic Energy Commission
and the Laboratory of Radiologie Dosimetry of the Academy. As before,
the first two are located in Rez near Prague, the Laboratory is placed
in Prague-Bulovka.



The new Nuclear Physics Institute has the following scientific departments:

Department of theoretical nuclear physics
of nuclear spectroscopy
of nuclear reactions
of neutron physics
of low temperature physics
of accelerators
of electronics development.

The run of the Institute is provided by the administrative and technical
divisions. A scientific theoretical and experimental research of the properties
of the atomic nuclei in the low energy range represents the principal task
of the Institute.

This main problem, i. e. the study of the properties of the excited levels,
is solved experimentally by using the nuclear spectroscopy and nuclear
reaction methods. In the Institute, a series of beta and gamma spectrometers
of very high quality were constructed. They enable the research of the
radioactive isotopes not only "in the classical way" but also out-of and m-
beám of the accelerator U-120. In the last few years, the products of (3He,
xn) reactions have been analyzed there, too. The development of high
quality Ge(Li) semiconductor detectors by own forces of the Institute and
in the cooperation with the Institute of Solid State Physics caused a great
advancement of the high resolution gamma spectrometry. Actually the
Institute was one of the foremost places in the world, where that technique
was introduced. / 16



For the first time in Czechoslovakia, helium was liquefied in the Institute
in 1960. Having mastered low-temperature technique the construction of
several polarized targets and other nuclear systems was possible. They were
used in experiments with the polarized neutrons at the reactor and at the
Van de Graaff electrostatic accelerator and in the study of a gamma ray
anisotropy. The lowest magnetic temperature of paramagnetic salts was
obtained in the Institute in 1973 and in 1970 the highest critical temperature
of the superconducting alloy Nb-Al-Ge was reached.

Very good results were obtained in the Institute when studying the problem
of the non-conservation of T-invariance in the strong interactions. Important
results in applying the diffraction of slow neutrons on vibrating crystals and
in the study of a polarization distribution in the elastic scattering of protons
on the nucleus of 12C and 20Ne should be mentioned, as well. The Institute
contributed considerably also to a solution of the whole range of problems
of the theoretical nuclear physics and of the theory of elementary particle
interactions. In this brief enumeration a full account of many important
results, obtained by the staff of the Institute at home and abroad, cannot
be given.

I would like to mention at least briefly the basic experimental equipment
of the Institute. For the most part, the special devices, equipments and
apparatuses were constructed in the Institute. The staff had to master many
related branches in order to create such devices as multispectrograph for
multiangle analysis of nuclear reaction products, beta and gamma
spectrometers, coincidence apparatuses, graphic display used for the
measurement of conversion electrons spectra and for data processing, / 17



4096-channel amplitude analyzers and othei components of spectrometric
chain of good quality, magnetic separator of isotopes, source of polarized
neutrons, polarized targets, equipment for the adiabatic demagnetization
of paramagnetic ions, spectrometers for electron and nuclear resonances,
equipment for very strong magnetic fields etc.

As regards the solutions of the tasks concerning the national economy
development nuclear physics has recently put nuclear energetics on
a necessary basis. At present and in the near future it is to be expected that
the new achievements render a further technical and economic development
of nuclear energetics possible.

The social importance of nuclear physics is not totally exhausted by the
problems given above. It appears that together with nuclear medicine, the
study of properties of the condensed matter, of the complex molecular
systems and of the biologic materials by nuclear methods as e.g. the neutron
diffraction, the neutron activation analysis, etc., is needed.

The advancement of nuclear physics called for a further development of
electronics, electro technics, automation, including a computer technique.
The experience acquired may be also applied in other branches of sciences
and technology to advantage.

By studying the problems quoted, the staff of the Institute obtained
significant scientific results in the last twenty years. Many of these results
were appreciated on a world-wide scale and lead to a fruitful international
collaboration with many institutes in the socialist countries and especially / 18



with the Joint Institute for Nuclear Research in Dubna. When comparing
results obtained recently with those obtained 20 years ago, a great success
and advancement of the scientific research in the field of nuclear physics
may be highly regarded.

Thus, it is a great pleasure to conclude by claiming that a sincere, genuine
and often underestimated effort of the staff of the Nuclear Physics Institute
of the Czechoslovak Academy of Sciences raises hopes for compassing even
more valuable results of both scientific and social importance in the third
decade of the Institute. To achieve that I would like to wish them sincerely
a great success.

Prague, December 1974
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Research activity of the department is concentrated mainly on the study
DFPA RTMFNT OF °^ theoretical questions in physics of the atomic nucleus, nuclear particles

and their interactions.
THEORETICAL

NUCLEAR PHYSICS In the beginning of the existence of Nuclear Physics Institute of the
Czechoslovak Academy of Sciences mostly the questions connected with
nuclear reactor physics were theoretically investigated. In the course of time
the number of physicists engaged in the nuclear theory and mostly educated
at soviet universities, increased. This led to the foundation of the
Department of theoretical nuclear physics in 1963.

We mention only some problems which characterize the research at the
department and in solving of which important results have been attained.
The shell model for light nuclei especially with respect to the SU(3) group
classification of states was studied. The vibrational states of spherical nuclei
were investigated in the quasiparticle formalism using realistic nucleón—
—nucleón interactions. A microscopic theory of collective excitations was
used in a description of the quadrupole and octupole vibrations in deformed
nuclei. The giant dipole resonances in light nuclei were studied in cooperation
with soviet physicists. A great attention was also paid to beta decay, e. g.
to questions of double beta decay and of an influence of the nuclear size and
charge on the forbidden beta transitions. Interesting results were also
obtained in the study of the internal bremsstrahlung in beta transitions and
direct nuclear reactions. In the field of elementary particle theory the
research was directed mainly to the application of the group theory to the
description of internal symmetries of elementary particles and to the study
of relativistic scattering processes. / 20



Three research groups exist in the department:
— theory of nuclear structure
— theory of nuclear reactions
— theory of elementary particles.

THEORY OF NUCLEAR STRUCTURE _

The nuclei with three nucleons are investigated within the framework of the
Brueckner theory. The exact solution of the quantum mechanical problem
exists for these nuclei and we can test the validity of the approximate
Brueckner method. The calculations show that this method describes well
the nuclei investigated. It is, however, necessary to exclude centre-of-mass
motion effects more correctly. The Brueckner theory was also applied to the
study of double magic nuclei 4He, 16O and 40Ca with separable two-nucleon
potentials. Within the framework of this theory the matrix elements of the
effective interaction in the nuclei 18O and 18F were derived.

The nuclei with three and four nucleons are studied in the shell model, too.
Translationally invariant wave functions with quantum numbers of the
SU(3) and O(A-l) groups were constructed. The convergence of binding
energy, root mean square radius and form factor as a function of the number
of oscillator quanta for various two-nucleon potentials were examined.

Another method well suited for the description of light nuclei is the model
of the hyperspherical functions. The nucleus 4He was solved in this model.
Not only the ground state was studied but also the excited states of 4He
were interpreted by comparing theoretical and experimental inelastic electron / 21



scattering form factors. For the nuclei 16O and 40Ca the hyperspherical
model in the lowest approximation appears to be practically equivalent to
the independent particle shell model. Some results of these calculations for
16O are shown in fig. 1.

The effective nucleón—nucleón interaction with the contact density
dependent part had been proposed. It was used in calculations of light nuclei
in Hartree—Fock approximation. The suggested interaction considerably
simplifies and shortens the computation and yields very good results. The
bubble configuration of 36Ar was investigated. It was found to be a low
lying state which, however, is not stable.

Fig. I 1 i

In the upper half of the figure, the ibO
ground state wave functions x, depending

on the hyperradius Q, calculated in the
h i /u rsplwricul model ¡solid line) and in the

independent particle shell model (short
dashes) are compared. Effective potential

of the hyperspherical model (solid line)
and the corresponding energy levels are

shown in the lower half.
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Fig. 2

Neutron spectrum for muon capture by
3 2 S. The experimental data are shown by

a solid line, the calculation bv columns.

16 Ec [HiVl

The excitation of giant dipole resonance in mu meson capture in s—d shell
nuclei was studied. The configuration splitting of the giant resonance, known
from photonuclear reactions and inelastic electron scattering on light
non-magic nuclei, manifests distinctly also in this process (see fig. 2). The
proposed measurement of the gamma-neutron coincidence following mu
meson capture in 32S would give a valuable information on the ground state
of 32S. By measuring the proton spectra we can study the structure of the
giant resonance. The decay of highly excited states of 16O by proton or
neutron channels was also extensively studied.
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Fig. • 3

The pion elastic seal lering by iHe. The
dashed lines show the results when the

previous theory is used. The dot-dashed
lines are obtained if the Fermi motion is

taken into account. The solid lines are
calculated when spin and isospin of the

nucleus are included.

THEORY OF NUCLEAR REACTIONS

The process of mu meson capture by
deuteron was examined in detail. This
interesting process gives the possibility to
investigate some properties of the
two-neutron interaction, which are not
directly measurable at present.
Two-neutron interaction was studied in
various models. Reiativistic corrections in
an effective weak interaction Hamiltonian
were taken into account. Off-shell effects of
phase equivalent nucleón—nucleón
potentials were investigated, too. The
capture process turns out to be rather
sensitive to the nucleón—nucleón off-shell
behaviour. At present, the radiative pi
meson capture by deuteron is studied.

The method for including finite range effects
in two-nucleon transfer reactions was
proposed. The practical calculations show
these effects to be substantial. At present,
the influence of non-central forces and
two-step processes in two-nucleon transfer
are studied.

20 40 60 / 24



Important results have been obtained in the study of elastic pi meson
scattering on light nuclei. A former disagreement of theory and experiment
has been partly explained by an inclusion of the nucleón Fermi motion in the
theory. An influence of the spin, isospin and two-particle correlations on the
elastic scattering of pi mesons are analyzed. The calculations are used to
interpret the experimental data from Dubna accelerator (see fig. 3). They
enable to gain new information on the interaction between pi mesons and
nucleons.

THEORY OF ELEMENTARY PARTICLES

The elementary particle theory group studies mostly weak and electromagnetic
interactions. The mechanism of spontaneous breakdown of local and global
symmetries is examined. It is applied to the unified description of weak and
electromagnetic interactions. Within the framework of the gauge group
SU(3) x SU(3) a natural connection of both interactions was explicitly
proved. A simple interpretation of the Cabbibo angle has been proposed.
Some theoretical work deals with the possibility of experimental verification
of weak interaction models. Nonlinear integral equations are investigated
with the aim to use them for the description of mutual transformations
of elementary particles.
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DEPARTMENT
OF NUCLEAR

SPECTROSCOPY

Since 1952 the nuclear spectroscopy has been developing in Czechoslovakia
as one of the first fields of the nuclear physics. The properties of excited
states have been studied by means of beta and gamma ray spectroscopy
methods. The radioactive sources have been obtained from the reactor
VVR-S and cyclotron U-120 and also from the synchrocyclotron of the
Joint Institute of Nuclear Research in Dubna by irradiating the tantalum
target with 660 MeV protons.

Throughout the years the neutrondeficient deformed nuclei of rare earths
as well as the nuclei in the transition region with A « 130, A « 150 and
A « 190, e.g. Ba, Cs, Xe, Gd, Eu, Os, Pt, W, Re, Au, Hg were examined.
The spherical nuclei as e.g. Nb, Zr were studied as well. Simultaneously the
attention was paid to the internal conversion process.

At the present time the out-of and in-beam gamma ray spectroscopy is in the
foreground so that the short lived isotopes and high spin states of
neutrondeficient isotopes can be searched.

The research is concentrated on the following topics:

— in-beam nuclear spectroscopy
— excited states in the radioactive beta decay
— internal conversion studies
— applied nuclear spectroscopy.
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EXPERIMENTAL EQUIPMENT

MAGNETIC BETA RA Y SPECTROMETERS —

Several magnetic beta ray spectrometers were designed and made in the
Institute. They have been employed to measure beta ray and conversion
electron spectra and formerly to determine relative intensities of gamma
rays.

Two double focusing spectrometers are at disposal and deserve some special
emphasis. One of them, the iron double focusing spectrometer with 50 cm
orbit radius operates at a momentum resolution of 1.10"3. It is controlled
by the HP 2116 B computer which enables fully automatic operation (see

i 4 i fig. 4). A rapid-scan counting technique of measurement of the internal
conversion spectra is employed in this spectrometer. It makes possible to
scan the measured region many times with a period of the multiples of 0.1 s
per point so that the long-time instabilities of the experimental device are
averaged and the point-by-point correction for the radioactive decay is not
needed. The measured energy spectrum can be divided into desired regions,
in each of them the step is optional but equal through the region while the
exposure time of all points in the scanned spectrum is constant. The results
are stored in the core memory of the computer and can be punched onto
paper tape at any time. The measured spectrum is continuously plotted in
points on the screen of the graphic display made in the Institute. The display
block is equipped with a light-pen by means of which we can choose the / 27



Fig. 5 types of drawings (see fig. 5) and calculations suitable to facilitate the
internal conversion measurement.

The intermediate image spectrometer having high transmission at a moderate
resolution was constructed for the measurements of beta-gamma
coincidences and weak positron spectra.

Three permanent magnet spectrographs made in the Institute are employed
to measure the internal conversion spectra which are recorded on
a photographic plate. The measured spectra are evaluated by automatically
working photometer device developed in the Institute of Nuclear Physics,
Cracow, Poland. Presently one of the spectrographs is working at Joint
Institute of Nuclear Research in Dubna, USSR.

GAMMA RAY SPECTROMETERS

In the past ten years the gamma ray spectroscopy has been improved by
developing quite a new detection technique—lithium drifted germanium
detectors and corresponding electronics. In our department in the
cooperation with the Institute of Solid State Physics of the Czechoslovak
Academy of Sciences, the high quality Ge(Li) detectors of different types
and sizes were developed and fabricated as one of first ones all over the
world. They significantly broadened the experimental possibilities of high
resolution gamma ray spectrometry and enabled to obtain original results
in nuclear spectroscopy studies not only in Czechoslovakia, but also in other
socialist countries, particularly in the Joint Institute of Nuclear Research / 28



in Dubna, USSR. Many physicists from the related laboratories in
Czechoslovakia and abroad were trained here in the Ge(Li) measurement
technique.

The single gamma ray spectra are measured with high resolution Ge(Li)
planar and coaxial detectors. The spectra are stored in a 4096-channel
Intertechnique amplitude analyzer, punched on the paper tape and analyzed
using the HP 2116 B or GIER computers.

Coaxial Ge(Li) detectors having large active volume are used in the gamma—
—gamma coincidence experiments. The resolving time of the coincidence

Fig. i 6 apparatus (fig. 6) is less than 10~7 s. The use of two 2048-channel converters
combined with the recording storage of coincident events on the multitrack
magnetic tape of TD 10 recorder, made possible simultaneous measurements
in the complete energy region (222 channels). Parts of coincidence spectra
we are interested in are selected from the magnetic tape using the HP 2116 B
computer.

For precise gamma ray energy measurements, an equipment for
a simultaneous testing of the linearity of the whole spectroscopie chain by
means of precise digital-analog converter has been recently installed. The
measurements are controlled by the HP 2116 B computer.

IN-BEAM NUCLEAR SPECTROSCOPY

By means of in-beam gamma ray spectroscopy the (3He, xn) reactions are
studied. These reactions are more suitable to get the neutrondeficient / 29



Fig.

isotopes than in the case of alpha particles with the same energy. Thus, for
example, in the (3He, 3n) and (alpha, 4n) reactions using the same target the
3He ions need for about 20 MeV less energy than alpha particles. It allows
to produce the isotopes far off the stability line at lower energy of
bombarding particles.

The cyclotron U-120 of the Institute accelerates the 3He ions with the
energy of 28 MeV. The energy of 3He ions was decreasing from 28 MeV
down to 20 MeV by introducing the stopping Al-foils and so it was possible
to measure the excitation functions. The first excitation functions, angular
distribution of gamma rays as well as gamma—gamma coincidence
measurements were realized with the 163Dy, 159Tb, 186W, 185Re, 104- 10SPd,
181Ta and 197Au targets. The decay schemes of 159Ho, 181Re and 197T1
isotopes (159Tb, 181Ta and 197Au targets) are studied in detail.
The first experiments with 3He ions (fig. 7) were performed together with
the Zentralinstitut fur Kernforschung in Rossendorf, GDR.
The aim of this work is to investigate the high spin excited states which
cannot be reached in the radioactive beta decay. In the region of deformed
nuclei six to ten members of the rotational bands built on the ground and
excited levels can be observed. This is important to recognize the role of the
Coriolis interaction in the mixing of rotational bands and energy shifts of
the levels.

EXCITED STATES IN THE NUCLEAR BETA DECAY

Fig. X

This group studies the properties of the excited states in the radioactive
beta decay. By means of Ge(Li) (see fig. 8) and Si(Li) detectors the single / 30



and coincidence spectra of gamma rays as well as conversion electron
spectra are measured. Recently, the decay of17U 173Hf isotopes produced
in the cyclotron U-120 and also in the cooperation with the JINR in Dubna
the 166Tm, 167Lu, 2O6Po and 206Bi were examined. The properties of the
excited states of the corresponding daughter nuclei were studied.

In order to study the short-lived isotopes the apparatus for the
measurements directly out-of beam of the cyclotron U-120 was installed.
This device is operating in cycles (irradiation—measurement) so that the
single, coincidence and conversion electron spectra are successively gathered
to gain good statistics.

Pneumatic tube connecting the reactor to the laboratory building and
high-speed chemical separation methods permitted to measure the Sn and
Sb isotopes from the fission of 235U with the minute's half-life: 128Sn
(59 min), 130Sn (3.6 min), 130Sb (36 min; 6.5 min), 128Sb (10 min) and
I31Sb (23 min). The given nuclei are close to double magic nucleus (Z = 50,
N = 82) and their properties can be described in the frame of the shell model.

Several specialists, taking part in the JASNAPP experiments at Dubna, are
studying the isotopes far off the beta stability line as 161il63Tm,
159,160.161.162.163,165^ a n d some others.

INTERNAL CONVERSION STUDIES

The experimental and theoretical research of the internal conversion of
gamma rays has been carried out in this group for a long time. The internal / 31



Fig. ¡ 9 I

conversion process has been studied in its nature and in application to
nuclear level schemes as a powerful tool for energy and spin-parity
assignment of low energy excited nuclear states.

The deviations of experimental internal conversion coefficient ratios from
the theoretical predictions were examined for the electric quadrupole
transitions. The effect of screening and of finite size of the nucleus were
investigated experimentally for the M subshell conversion coefficients.

The method of calculation of approximate internal conversion coefficients
was suggested and experimentally tested. This method is useful in the regions
where the theoretical values have been absent (outer atomic shells, transitions
in light nuclei, high energy transitions). A simple relation between internal
conversion coefficient and density of atomic electrons in the nuclear vicinity
was confirmed even for outer atomic shells. Thus the internal conversion
coefficient measurements make possible to determine the density of valence
shell electrons in the different chemical states. This is a useful value
in quantum chemistry, solid state physics etc. It was experimentally proved
for hindered transitions that the internal conversion coefficients deviated
from the theory which neglects the nuclear structure effect even in the case
of outer atomic shells.

At the present time the internal conversion studies are concentrated on the
high shell electrons including the valence shells, (transitions in 19SAu, l99Hg,
12ETe, 109Ag etc). The precise measurements of internal conversion electrons
are performed on the magnetic beta ray spectrometer (fig. 9) controlled
by HP 2116 B computer. Simultaneously the calculations of internal / 32



conversion coefficients in more satisfactory physical approximations are
under way.

APPLIED NUCLEAR SPECTROSCOPY

Fig. I 10 I

The first application of the high-resolution gamma ray spectrometry refers
to nondestructive burn-up determination of nuclear fuel. The method
consisting in gamma ray intensity measurements of fission products was
verified on the model experiment. In addition, the relative bum-up along a
nuclear rod was obtained.

The roentgenfluorescence analysis developed in the department enabled to
determine the Pb amount in the glass products made in 19th century and
kept now in the Museum of Arts and Crafts, Prague.
Great attention was paid to the neutron activation analysis with the
high-resolution Ge(Li) spectrometry which permitted nondestructive
determination of up to 48 elements with extreme sensitivity. Activation was
carried out by thermal neutrons in reactor VVR-S of the Nuclear Research
Institute. In certain special cases fast neutrons could be used. By means
of short activation (about 3 minutes at a neutron flux of 1013 n . s~1 . cm"2)
the radionuclides with half-lives less than two days are measured. The
analysis is limited by the macrocomponent elements such as Al, Mn and Na
in the sample. The pneumatic tube is employed for transport of the samples.
Longer activation times (from 1 to 7 days in the thermal column of the
reactor at a neutron flux of 1012 n . s~' . cm"2) is applied for the
radionuclides with half-lives longer than half a day. The method was
successfully employed in the analysis of lunar soil samples (see fig. 10), sea / 33



concretion, geological samples of hardly obtainable materials (component
of some minerals as biotite, chlorite, muscovite and feldspar), in the trace
element determination of some geological minerals (lydite, agate, jasper
soil), in the identification of industrial samples with unknown composition
and to follow the distribution and composition of impurities during the
technology procedures.

In the field of electron spectroscopy the magnetic spectrometer was used as
a source of monoenergetic electrons in the calibration of the soviet SBT-9

Fig. I 11 I

Gas chromatogram registered during the
separation of the uranium fission

products.

2 Kr, X«,(6»)

Sb

10 min
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and SBT-18 Geiger—Muller counters assigned for the Czechoslovak
apparatus placed on the Earth-satellite INTERCOSMOS. In addition,
monoenergetic electrons from the spectrometer enabled to determine the
depletion layer thickness of the totally depleted Si surface barrier detector.

RADIOCHEMICAL PROCEDURES

Fig. I 12 I

Chemical group developed various methods of the chemical separation
from the irradiated target materials to produce the radioactive sources for
measurements in the magnetic beta ray and gamma ray spectrometers.
It prepares the target material in a suitable chemical form for the irradiation,
too. The different separation techniques were worked out: ionexchange,
extract and gas chromatography, electrochemical, precipitation, extraction
and diffusion procedures etc.

Gas chromatography as a high-speed separation method proved promising
e.g. in the separation of the uranium fission products. The separate fractions
of eluation (fig. 11) in the carrier-free form can be used as the high quality
spectroscopie sources.

Some chemical procedures and apparatuses, e.g. the apparatus for decay
curve measurements, the fraction collector, are automatically operating.
A pneumatic system for the transport of samples from the reactor building
to the chemical laboratory within 30 s was established. The chemical
laboratories are quite well equipped for the radiochemical work
(fig- 12).

A.-' .,,.



COMPUTER DATA HANDLING

Using the multichannel gamma ray and high-resolution beta ray
spectrometers we get large amounts of spectral data. In the past few years
their analysis has been exclusively realized by the computer technique.
Several computer codes for the analysis of the internal conversion electron,
gamma ray and gamma—gamma coincidence spectra as well as of
coincidence spectra from in-beam gamma ray measurements are available.

A set of programs yields the quantities necessary for the decay scheme
construction (internal conversion coefficients, transition multipolarity,
coincidence data etc.). The other programs calculate the level structure and
the transition probabilities in various nuclear models.

In order to process large amounts of data in neutron activation analysis
a series of programs was developed. The spectral analysis is carried out
semiautomatically by the HP 2116 B computer using the graphical display
equipped with the light-pen.



DEPARTMENT
OF NUCLEAR

REACTIONS

A study of nuclei by means of nuclear reactions at low and medium energies
belongs to the effective and perspective methods of experimental nuclear
physics. The development of these methods in the Institute commenced after
the department had been equipped with the cyclic accelerator—cyclotron
U-120 and after a construction of another accelerator—Van de Graaff
electrostatic generator had been initiated.

The aim of the research activity of the department is an experimental and
theoretical study of the quantum-mechanical properties of nuclei. According
to the employed technique and a type of the investigated reactions, the
department is divided into four groups:

— nuclear spectroscopy by resonant scattering of polarized particles
— nuclear spectroscopy by direct nuclear reactions
— nuclear spectroscopy by stripping reactions in the subcoulomb energy range
—study of nuclear forces by scattering of polarized nucleons on polarized

targets.

NUCLEAR SPECTROSCOPY BY RESONANT
SCATTERING OF POLARIZED PARTICLES

One of the first research programs on the beam of the cyclotron was an
investigation of the structure of light nuclei and of mechanisms of reactions
by polarized particle scattering. At that time, the only experimental
technique for obtaining the polarized beams and for the measurement of
their polarization, was the double scattering technique. After being
scattered on the first target, a beam of initially unpolarized protons from / 37



Fig. ! 13

Angular distribution of proton
polarization P(0CM) from scattering

on neon in resonance region corresponding
to the excited level of2lNa with the

energy of 7.45 MeV. A comparison of the
experimental and theoretical curves

enables to assign spin and parity of5/2 +

to this level.

the cyclotron will be polarized. A degree of polarization will be determined
by the right-left asymmetry of the scattered particles on the second target.
Counting rates of registered particles are very low owing to the double
scattering. Some difficulties of such experiments were partially resolved by
using the surface barrier semiconductor silicon detectors, in the development
of which the department has belonged to the advanced laboratories.

Investigation of polarization by the method of the double scattering was
terminated in 1965. Original results concerning the characteristics of the
excited states of nitrogen and sodium nuclei were obtained (fig. 13).

Ep=5,08MeV

P •
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NUCLEAR SPECTROSCOPY BY DIRECT NUCLEAR REACTIONS

A structure of the ground and excited levels of the atomic nuclei can be
studied by direct nuclear reactions. These levels can easily be obtained
in a simple reaction, e.g. (d, p) and (d, t), with projectiles whose energy
considerably exceeds the Coulomb barrier of the reaction. The reactions
complement one another since the "particle" states are predominantly
excited in the reaction (d, p), while in the reaction (d, t) mostly the "hole"
states are excited. Excitation energy data, orbital momentum of a transferred
neutron, spin and parity of a nucleus can thus be obtained.

Fig. I 15 I \

A part of the proton energy spectrum
from the 18Si (d,p) 29Si reaction

obtained from the multichannel magnetic
analyzer at the deuteron energy of

13.5 MeV (recordfrom the automatic
plate scanner).

6198

SIMM]
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A considerable density of the nuclear energy levels, particularly in the range
of the high energy excitations requires the high resolution analyzers of the
nuclear reaction products. In order to compass the aim, a magnetic
multichannel analyzer of the nuclear reaction products was constructed,
together with a transport beam system and a separation magnet serving as
an energy monochromator of the bombarding particles. The equipment
allows a simultaneous registration of eleven energy spectra of the nuclear
reaction products in the angle interval from 0° to 90°. Spectra are registered
on the photographic plates with dimensions of 700 x 35 mm2 and

fig. / 14 > examined by an automatic plate scanner (fig. 14).

fig. i ¡5 The energy resolution of the analyzer E/A E is 1000 -=- 1500. Fig. 15 depicts
a part of the energy spectrum of protons from the reaction 28Si (d, p) 29Si
at the deuteron energy of 13.5 MeV.

fig. i 16 Fig. 16 shows a separation magnet, a third pair of the quadrupole lenses and
a magnetic multichannel analyzer.

Reactions of deuterons with 28Si and 16?Dy were studied theoretically by
the distorted wave Born approximation and by a method of coupled
channels. Results were compared with the experimental data.

NUCLEAR SPECTROSCOPY BY REACTIONS
IN THE SUBCOULOMB ENERGY REGION
OF THE BOMBARDING PARTICLES

A group of physicists engaged in a study of nuclear reactions at energies / 40



lower than the Coulomb barrier of the nucleus have been working at the
electrostatic accelerator. Such reactions are different from that of a direct
process. Reaction mechanism is more complicated and various multistep
processes (compound nucleus, intermediate configuration etc.) are
important.

Angular distribution measurements of the reaction products in dependence
on the incident particle energy permit to obtain information not only on the
internal structure of the excited states of the resulting nuclei, but also on
a dynamics of the reaction. Deuteron stripping reactions (d, p) are being
currently studied on nuclei of the mass number in the range A = 28 -h 34.

Fig. I 18 ,

Proton spectrum from ¿iSi (d,p) 29Si
reaction obtained with the deuteron beam

of the energy E> = 2,8 MeV.

N

400-

200

W0-

Ed*2,80 McV

"if

100 200

~ 16KeV

300 400 500 600 700
CHANNEL

/ 41



Differential cross-sections of the reaction and their dependence on energy
are being measured in the deuteron energy range from 2 MeV to 3.5 MeV.
The obtained angular distributions are analyzed either according to the
Hauser—Feshbach model or by distorted wave Born approximation.

The measurements are carried out in a target chamber with the internal
Fig. i 17 i diameter of 600 mm (fig. 17). The cooled holders of the silicon semiconductor

detectors (products of TESLA Co., Pfemysleni) are placed on turntables.
The measurements are performed simultaneously in several channels which
due to low values of the cross-sections is considerably time-saving. Spectra
from separate channels are then recorded in a memory of 4096-channel
analyzer and handled by the HP 2100 A computer. A typical spectrum
of protons from 28Si (d, p) 29Si reaction is given in fig. 18. The energy •
resolution is approximately 16 keV in the entire energy range of the spectral
lines.

A STUDY OF NUCLEAR FORCES BY SCATTERING
OF POLARIZED NUCLEÓNS ON POLARIZED TARGETS

The research in this field was initiated by a preparation of an experiment
with polarized neutrons on the polarized proton target constructed in the
Department of low temperature physics. The aim of the experiment was to
measure certain parameters of neutron-proton scattering in the neutron
energy interval from 10 MeV to 20 MeV. The experiments are rather
difficult since a detection of a phenomenon of the order of magnitude of
1 per cent must be performed in the presence of strong fast neutron flux.
In order to comply with this requirement, a highly stable scintillation



spectrometer of fast neutrons was developed, with a stilben crystal and with
the circuits to discriminate the unwanted gamma radiation. Furthermore,
a spectrometer of charged particles, based upon a proportional counter and
a silicon semiconductor detector and also a helium analyzer of fast neutron
polarization were developed. Also a technique of the precision measurement
of the fast neutron flux was elaborated.

Currently a source of polarized ions is being adapted as a generator of
polarized neutrons (from the reaction 3H (d, n) 4He). The equipment is now
prepared for a preliminary test.

APPLICATIONS

We shall mention only some applications which have been solved in the
department.

Element and structural analysis of matter by the charged particle scattering
enabled to determine a content of light elements (up to mass number
A = 20) in complicated organic and inorganic compounds with the accuracy
better than 1 per cent and to give a more precise information on their
structure.

Furthermore, in cooperation with the Institute of Solid State Physics, the
department, as one of the first laboratories in the world, participated in the
development of silicon surface barrier detectors. Two-barrier detectors,
totally depleted surface barrier detectors and lithium drifted detectors were
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investigated in the beam of the accelerator. This contributed to the fact, that
the surface barrier silicon detectors, produced by TESLA Co. in Pfemysleni,
possess the top parameters.

The department also cooperated in solving some methodical problems within
a framework of the INTERCOSMOS program.



DEPARTMENT
OF NEUTRON

PHYSICS

Fig. I 19 i

Fig. I 21 I

Arrangement of the experimental
apparatus used by the Department of

neutron physics at the nuclear reactor.
HK 1 — alpha spectrometer for the

(n, alpha) reaction study
HK 3 — thermal-neutron polarizer

HK 4 — crystal spectrometer of slow
neutrons, SPN-100

HK 7 — experimental set-up for the
study of radiative neutron capture

'IK 8 — apparaturs for investigation of
the nuclear fission

HK 9 — crystal spectrometer of slow
neutrons, TKSN-400

Department of neutron physics started working immediately after the
foundation of the Institute.

A Cockroft—Walton cascade generator (first of its kind in Czechoslovakia)
accelerating the deuterium ions up to an energy of 900 keV served as
a source of fast neutrons obtained by bombarding a beryllium target (fig.
19). This facility permitted to carry out the first investigations in the field
of neutron physics thereby becoming an important place of education for
many scientific workers from the Institute as well as from several
Czechoslovak universities, who gained here their first experience in
experimental nuclear physics.
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In 1957 a WR-S reactor imported from the Soviet Union was put into
operation and used as an intense source of thermal neutrons

fíg. i 20 21 i (see figs. 20, 21).

In the course of its existence the department divided into several experimental
groups pursuing research in the following directions

— reactor physics s
— thermalization and diffusion of neutrons
— neutron capture
— (n, alpha) reactions
— fission of nuclei
— neutron optics
— applications.

The research has been carried out in a close cooperation with the soviet
scientists, namely those working in the Joint Institute of Nuclear Research
at Dubna. The cooperation not only includes sharing the experimental
facilities at our Institute but also participation of our specialists in joint
teams working at Dubna.

REACTOR PHYSICS

In the initial period of its existence the department had also been involved
in theoretical research of nuclear reactors, regarded at that time as part
of neutron physics. / 46



Some of its members specialized on the problems of automatic control of the
VVR-S reactor. This reactor also served as an experimental basis for
investigation of phenomena associated with absorption of neutrons in
uranium fuel elements.

A comprehensive method was worked out for measurement of the fast
neutron energy spectra with the aid of three types of neutron spectrometers
as well as with activation threshold detectors.

The latter technique was used later for testing the biological shielding of the
first Czechoslovak nuclear power station at Jaslovské Bohunice.

Some years ago reactor physics became the subject of study pursued
in a special department established in the Nuclear Research Institute.

THERMALIZATION AND DIFFUSION OF NEUTRONS

In 1959 the cascade accelerator was modified for a pulse mode of operation,
permitting to obtain a series of very short bursts of fast neutrons, about
20 microseconds wide.

The fast neutrons, injected into a moderating material, undergo
a slowing-down process the investigation of which yields experimental data
on diffusion parameters important for a design of nuclear reactors.
Experiments have been made in order to study thermalization and diffusion
of fast neutrons in water and ice within the temperature range from —20 °C
to + 80 °C. Diffusion coefficients of diphenyl (used as a reactor coolant) / 47



were determined for the temperatures between 20 °C and 150 °C. Similar
measurements have also been made on heterogeneous systems (light water /
air gaps) as well as on thin layers of materials with high content of hydrogen.
Theoretical model of the studied process has been verified experimentally
on a linear accelerator at Saclay in France.

Measurements of the energy spectra of fast neutrons originated in the
nuclear reactions of deuterons with light nuclei, represented another type
of experiments carried out on the cascade generator. In 1960 these
experiments were transferred to cyclotron.

NEUTRON CAPTURE

First experiments in this field were performed with the aid of scintillation
detectors. Energy spectra of gamma rays following the radiative capture
of neutrons in more than 24 nuclei were obtained. Refinement of
experimental methods based on coincidence measurements permitted to
study gamma radiation cascades in 60Co as well as some complex correlation
phenomena.

One of the most remarkable results is undoubtedly experimental verification
of time reversal invariance in strong interactions. For this purpose 49Ti (n,
gamma) reaction proved to be the most suitable because of the cascade
of two transitions, from which the first one is the Ml + E2 transition. The
experiments were carried out using a beam of polarized thermal neutrons
obtained by total reflection on cobalt mirrors placed in a strong magnetic
field. The polarized beam has also been successfully employed for / 48



Fig. I 22 I

Experimental arrangement designed for
the study of angular distribution of

gamma-rays following the capture of
polarized neutrons in oriented nuclei.

investigation of circular polarization of high-energy gamma radiation,
following the capture of thermal neutrons in the nuclei of S, V, Co, Cu and
Zn.

Radiative capture of resonance neutrons proved to be another interesting
field of study. A fast chopper system designed and built in the department
permitted to investigate the process of radiative neutron capture at selected
resonance energies, such as the 405 eV resonance in 35C1. Later on the
experiments of this kind were continued on the pulse reactor facility in the
Joint Institute of Nuclear Research at Dubna having higher flux of
resonance neutrons.

COLLIMATOR

NEUTRON POLARIZER
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Development of semiconductor detectors suitable for detection of high-energy
gamma quanta, greatly enhanced the information yield of the radiative
capture experiments. It should be pointed out that our team, engaged in the
study of (n, gamma) reactions in JINR (Dubna), has the world'priority
in using germanium detectors in this type of experiments.
In our Institute a semiconductor Ge(Li) detector has also been used for the
study of 33S decay scheme, of Doppler effect observed in the 10B (n, alpha)
7Li reaction as well as for measurement of linear polarization of gamma
rays following the radiative capture of neutrons in 35C1. Rather a complex
experimental apparatus has been designed and built in a close cooperation
with Department of low temperature physics for the study of the angular
anisotropy of gamma radiation emitted after the capture of polarized

Fig. i 22 i thermal neutrons in oriented nuclei of 59Co (fig. 22). The experiment
resulted in determination and/or refinement of a number of parameters
characterizing the excited states of 60Co.

(n, alpha) REACTIONS

Experimental works in this field were initially encouraged by good results
obtained from the (n, alpha) experiments carried out in the Joint Institute
of Nuclear Research at Dubna. Being similar to radiative neutron capture,
the (n, alpha) reaction has become a further source of valuable information
on nuclear structure. From the experimental point of view the greatest
difficulty in investigation of the (n, alpha) process lies in its relatively low
probability (a million times smaller than that of radiative capture), which
fact must duly be taken into accouxit in the design of experimental apparatus.
In order to meet all the necessary requirements, a high quality spectrometer / 5



of alpha particles has been designed in our department, based on a telescope
consisting of two Si semiconductor detectors. Using this equipment, energy
spectra of alpha particles have been measured from the interaction of thermal
neutrons with the nuclei 149Sm, 180Hf and 144Nd (fig. 23). Analysis of the
alpha particle spectra from the (n; gamma, alpha) reaction enabled to
determine the type of gamma transitions between high-excited levels of the
isotope 144Nd.

Fig. I 23 I

Energy spectra of alpha particles from the
(n, alpha) reaction on the nuclei liiNd

and li9Sm with thermal neutrons.

7.0 7.5 Í.0 U U

ALPHA—PARTICLE ENERGY
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FISSION OF NUCLEI

Because of its complexness and importance the process of nuclear fission
is the subject of intense physical study. One group of the department
engaged in its investigation specialized on the study of ternary fission process,
in which the nuclei (usually uranium) split into two fragments and an alpha
particle. Energy spectra of the alpha particles were measured in a new
experimental arrangement without a filter of fission fragments, which
permitted to obtain more accurate results.

In the last few months the attention was focused on investigating the
recently discovered type of fission process in which an alpha particle is
emitted in the direction of one fission fragment. Study of these so-called
polar alpha particles indicates the existence of alternative fission processes
the analysis of which seems necessary for understanding the mechanism
of nuclear fission as a whole.

NEUTRON OPTICS

Experimental methods of neutron physics have sucessfully been applied even
in such fields of research as the solid state physics. In 1966 a two-axis
crystal spectrometer of slow neutrons SPN-100 was built in our department

i 24 i (see fig. 24) to be used for investigation of neutron diffraction on
polycrystalline as well as single crystal materials. The spectrometer permitted
to study diffraction phenomena on vibrating single crystals, bringing about
some very interesting effects such as considerable increase in the intensity
of diffracted neutrons, modulation of neutron beam and the like. In the / 52



Fig. í 25

course of an intense study a number of measurements were carried out on
various single crystals whose vibrations were excited by piezoelectric,
magnetostrictive as well as acoustic means. Later on the interest stretched
also over the problems of static strain in single crystal materials as well as
diffraction of polarized neutrons on vibrating crystals. The research in this
field has greatly been facilitated by a three-axis crystal spectrometer
TKSN-400 (fig. 25) which permits to study the diffraction of neutrons with
high angular resolution. A very efficient method of pulse modulation of the
neutron beam has been developed here, using two vibrating single crystals.

APPLICATIONS

The methods of neutron physics are widely applied not only in the related
fields of science, such as solid state and reactor physics, but also in many
branches of technology. Investigation of neutron diffraction on vibrating
single crystals proved to be an efficient tool for testing the high quality
piezoelectric resonators to be used in stable frequency generators. The
results of (n, gamma) experiments led to a sensitive instrumental method
of nondestructive analysis, which is a useful supplement of conventional
activation analysis.
Determination of boron content in technical (e.g. semiconductor) materials
by means of (n, alpha) reaction is another application of neutron physics
in technology. Nuclear fission finds one of its applications in production
of super fine filters used for separation of biological structures (e.g. viruses),
for cold sterilization and the like. The filters are produced by bombarding
thin foils with fission fragments, the density of holes ranging from 106 cm"2

to 108cm~2.



DEPARTMENT
OF LOW

TEMPERATURE
PHYSICS

The active areas of research of the department meet at the interface of three
physical fields: nuclear physics, solid state physics and low temperature
physics. The main task of the department is to provide Nuclear Physics
Institute of the Czechoslovak Academy of Sciences and Nuclear Research
Institute with the up-to-date experimental technique of low and very low
temperatures, essential for performing important experiments in nuclear
physics, and to engage in basic research in the physics of very low
temperatures.

The effect of random thermal motion of atoms which interferes with
a number of mechanical, magnetic and nuclear properties of matter is
diminished at low temperatures. By combining low temperatures with strong
magnetic fields or with time-dependent electromagnetic fields, it is possible
to prepare oriented targets which are important, and in many cases
inevitable, for obtaining certain information on atomic nuclei (anisotropy
of radiation, anisotropy of nuclear fission, scattering experiments etc.). Also,
properties of solids and liquids often change rather dramatically at low
temperatures—e.g. superconductivity, superfluidity, nuclear ferromagnetism
etc.

The department is engaged primarily in the following:
— study of nuclear and electronic systems at low temperatures and strong

magnetic fields
— preparation and study of oriented nuclear systems of medium and heavy

nuclei for investigating angular distribution of alpha and gamma radiation
and for determining some properties of nuclei when bombarded by neutrons

— preparation of polarized proton targets for a study of nucleon-nucleon I 54



interactions in the scattering of polarized or unpolarized nucleons by
polarized protons

— study of critical parameters of new superconducting materials in strong
magnetic fields and study of physics and applications of the Josephson
effects

— study of some static properties of nuclei (spins and magnetic moments,
isotopic shifts) by means of optical, nuclear and electronic paramagnetic
resonance spectroscopy

— study and elaboration of new methods of obtaining and measuring very low
temperatures and a study of the appropriate cryogenic technique and
technology.

BASIC EXPERIMENTAL FACILITIES

The research of the department is supported by the following experimental
equipment:

— helium liquefier GS-2 (with the hydrogen cycle) manufartured by Ferox Co.
in Décín, the basic design of which originated in the Institute of Physical
Problems of the Academy of Sciences of the USSR (yield of 12 liters

Fig. i 26 of liquid helium per hour, in operation since 1960) —fig. 26
— helium liquefier ZH 9 (with an expansion engine) developed and

manufactured by Ferox Co. (yield of 9 liters of liquid helium per hour,
installed in 1966)

— nitrogen liquefier PHILIPS PLN-430 (yield of 28 liters of liquid nitrogen
per hour, installed in 1972)

— equipment f or strong magnetic fields—the so-called Bitter solenoids, I 55



Fig. I 27

Fig. I 28

Fig. I 29

distilled-water-cooled with a dc input power of I MW; in a volume of
several tens ofccm it is possible to obtain a magnetic field induction as high
as 6.5 T and in a volume of several mm3 even over 10 T—fig. 27

— the apparatus for obtaining the temperatures below 0.1 K
— refrigerator working on a principle of dilution of^He in liquid 4He —

fig. 28.

STATIC ORIENTATION OF NUCLEI

Static orientation group deals priir y w; ' a study of radiation from
oriented nuclei. This technique enables to determine parameters of the
oriented nuclei and their .daughter products. Nuclei are oriented by strong
external or internal crystalline fields at temperatures usually below 1 K.
Such experiments require to master a complicated technique of attaining and
maintaining such temperatures. One of the most effective and reliable
methods of reaching the temperatures in the region of millikelvins is the
adiabatic demagnetization of paramagnetic salts. View of an assembled
equipment designed to obtain temperatures in the region of millikelvins
by adiabatic demagnetization of paramagnetic crystals is shown in fig. 29.
This apparatus was employed to measure the anisotropy of gamma-radiation
of nuclei embedded in a crystal of cerium magnesium nitrate (CMN). The
results obtained in the region of 3 mK did not fit the theoretical predictions,
which seem to be oversimplified.

The lowest attainable temperature in this demagnetization process is
determined by the magnitude of the internal fields acting on the magnetic
ions of the sample and consequently magnetically diluted salts were / 56



employed in which there are larger distances between ions (in a given case
between the cerium ions of a crystal of CMN). This technique of magnetic
dilution enabled the group to reach a temperature of 0.00086 K in 1971
in a crystal of CMN (90 % of cerium ions were substituted by lanthanum).
In 1973, employing a crystal CMN with 5 per cent concentration of Ce ions
a temperature of 0.00067 was obtained, which is the lowest magnetic
temperature in the world, obtained by adiabatic demagnetization of
paramagnetic ions. Such temperatures are important for physics of oriented
nuclei, for low temperature thermometry and for cooling liquid 3He, in
which new very interesting phase transitions occur just in this temperature
region.

Instead of external fields, large internal magnetic fields of ferromagnetic
materials can be used for static orientation of atomic nuclei at very low
temperatures. Magnetic induction of such fields often reaches values as large
as several hundreds of tesla. Nuclei of the corresponding isotopes embedded
in such samples and cooled usually to a temperature of about 0.1 K can
thus achieve high degree of polarization and serve as oriented targets, e.g.
for the measurements of angular distribution of the gamma radiation
following a neutron capture by polarized nuclei. In such a way, it is possible
to gain information on spins of the excited levels of the polarized nuclei.

Superconducting solenoids are usually used to magnetize the ferromagnetic
materials and either liquid 3He or dilution refrigerators are employed to cool
a sample. By combining these two approaches a target with polarized nuclei
of the 59Co isotope was constructed to measure the gamma radiation
following a capture of polarized neutrons by 59Co nuclei. The analysis of the / 57



Fig. I 30 ¡

Low temperature part of3He—*He
dilution refrigerator for static

polarization of nuclei; 1 — helium bath
(1 K);2 — still (0.7 K);3 — main heat

exchanger; 4 — mixing chamber
(< 0.1 K); 5 — restriction capillary;

6 — heat exchanger; 7—superconducting
coils; 8 — magnet yoke; 9 — magnet

pole-pieces.

results demonstrated that the states with different spins contribute to the
effective cross-section of the neutron capture and that it is necessary to
consider a possibility of interference of both states. The entire apparatus
of the polarized target together with a magnet and a refrigerator keeping the
target at a constant temperature of about 0.1 K was installed in the reactor
laboratory of the Nuclear Research Institute (see fig. 30). Experiments were
performed in a cooperation with the Department of the neutron physics.
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T
PARAMAGNETIC RESONANCE
AND DYNAMIC POLARIZATION OF NUCLEI

Part of a research of the department is devoted to the study of nuclear and
electron paramagnetic resonances (NMR and EPR) at low temperatures
(spectra, relaxation phenomena etc.) and a preparation of dynamically
polarized proton targets for the scattering of nucleons by nuclei. In order to
solve these problems, a number of spectrometers was constructed and used.
Nuclear resonance spectrometers work in the frequency ranges from 10 MHz
to 80 MHz and electron resonance spectrometers work at frequencies
of 8.5 GHz (3 cm, 1 W), 25 GHz (12 mm, 15 mW) and 70 GHz (4 mm,
100 mW). All spectrometers are adapted in such a way that they are able to
work at the temperatures of liquid helium (1 K -=- 4.2 K). By combining
both types of spectrometers we obtain a spectrometer for dynamic
polarization of nuclei (in contrast to static methods the polarization is
induced by perturbing the systems of electrons and nuclei by time-dependent
electromagnetic fields).

Several important results were obtained in this field of physics, too.
Double-resonance quantum transitions in a spectrum of EPR of free
radicals were detected and the Bloch equations with two radiofrequency
fields perturbing the spin system were solved. Dynamic polarization of
protons in irradiated polymers was investigated and also a theoretical
analysis of the forbidden transitions in the spectra of EPR of the Mn2 + ion
was performed. A process of relaxation of nuclear spins in metals at very
low temperatures was theoretically analyzed. / 59



Furthermore, a Q-meter for nuclear magnetic resonance, used to measure
a magnitude and a sign of nuclear polarization was theoretically analysed,
and a method of calculation and measurement of a correction for
nonlinearity of the Q-meter at high polarizations was suggested. Also a series
resonant circuit, having smaller corrections for nonlinearity than the
currently used parallel circuit, was proposed. This new connection of the
Q-meter is today used in many laboratories of the world.

Medium-size proton polarized target was constructed and installed at the
Fig. i 3i i 32 i Van de Graaf electrostatic accelerator (figs. 31, 32). At that time it was the

second target of its kind in the world. Polarization of protons at the target
temperature of 1.2 K and magnetic field of 1.8 T was 50 %. Special
horizontal continuous-flow cryostat without liquid nitrogen precooling was
developed for this experiment at the Centre d'Études Nucléaires in Saclay,
France.

Interesting results were obtained in the investigation of dynamic polarization
and nuclear relaxation in amines, alcohols, glycols and polyethylene doped
with various free radicals and paramagnetic complexes. Some of these
materials can be used as polarized targets with high content of free protons.

Recently, a theoretical study of the coupled Bloch and Maxwell equations
for a case of adiabatic fast passage and pulse excitation of a spin system has
been completed.

By methods of high resolution optical spectroscopy the isotopic shifts of
some nuclei from the rare earth group (Er, Yb) were determined. The study
of hafnium nucleus and of the nuclei of platinum group is under way. / 60



SUPERCONDUCTIVITY

In order to investigate static and dynamic nuclear polarizations and other
nuclear problems, it is desirable to employ strong magnetic fields, special
superconducting sensors of temperature, magnetic field and magnetic flux.
For this reason the department initiated the first experimental research of
superconductivity and its applications in Czechoslovakia.

The initial investigations were devoted to superconducting alloys NbZr and
Nb3Sn. Alloys with high zirconium content (75 %), which were more
flexible and cheaper than alloys rich in niobium, were developed.
Furthermore, they showed higher values of the critical current and higher
values of the upper critical magnetic field.

To measure the current and magnetic properties of the superconducting
samples, a facility was developed, which allowed to obtain strong magnetic
fields reaching the values of magnetic induction of 10 T. These were the
highest magnetic fields in all the socialist countries until 1967. This high
magnetid field set-up was then used for research by scientists from USSR,
GDR and Poland.

The first superconducting magnets in Czechoslovakia were also constructed
by this group. In 1970 the highest critical temperature in the world — 21 K
was attained in the alloy Nb-Al-Ge. Presently a research of the current
properties of the samples in the fields up to 10 T and the quantitative study

Fig. i 33 i of all three phases of this alloy is in progress (fig. 33). / 61



Basic features of very sensitive quantum magnetometer based upon
a quantization of the magnetic flux in a superconducting ring with the
Josephson junction were demonstrated.

LOV/ TEMPERATURE TECHNIQUES

Fig. I 34

The experimental research in the department has necessitated i development
of various low temperature techniques and auxiliary equipment. A number
of special cryostats, transfer tubes—solid and flexible, Dewar vessels,
automatic systems for the transfer of cryogenic liquids, pumping systems for
both helium isotopes, special flow-meters, special Mac-Leod vacuum gauges
etc. were developed. Installations for collecting the helium vapours from
remote facilities were constructed, too.

The research work in cryogenics was devoted to the investigation of
two-phase helium flow through pipes and is centered on the development
and construction of a dilution refrigerator for temperatures below 0.1 K and
on the study of superinsulation of domestic origin for transport Dewar
vessels.

At the present time great attention is paid to a measurement of very low
temperatures by the resistance sensors (carbon or germanium thermometers)
with ac bridges. The bridge model S72, developed in department is of good
world standard. Its range is from 1 Q to 100 kQ, the accuracy 0.1 % in the
range from 0.1 kQ to 10 kQ and the average power dissipated in the sensor
is 10~12 W. The bridge is being produced in the limited series directly in the
department for various institutes in Czechoslovakia and abroad (fig. 34).



CYCLOTRON U-120

DEPARTMENT
OF A CCELERA TORS The cyclotron of a classical type belongs to the basic large-scale equipments

of the Nuclear Physics Institute (fig. 35). This accelerator of ions has an
electromagnet with pole-piece diameter of 120 cm.

Fig. I 35

Fig. 36 i

The cyclotron was made in USSR and it has been permanently used to meet
the needs of the nuclear research, industry and medicine. Hitherto, it
worked off 55000 operation hours. It accelerates protons to an energy
of 6.5 MeV, deuterons to an energy of 13 MeV and alpha particles to an
energy of 25 MeV. The internal beam attains several hundreds of jxA, while
the external beam is of 50 uA. The cyclotron is mostly used for physical
experiments, which are carried out on the external beam (fig. 36). To this
purpose, several target channels including a neutron channel 60 m long,
were built. About 30 % of the operation time of the cyclotron is spent on the
production of radioactive isotopes. Also, the radiation damage of materials
and the influence of the radiation on living organisms are studied at the
cyclotron.

Small variation of the energy of protons from 8.7 MeV to 10.7 MeV has
been attained by a modification of the pole-pieces of the cyclotron magnet.
A successful acceleration and extraction of 3He" + ions should be noted, too.
Recently it has been decided to reconstruct the existing cyclotron into the
isochronous cyclotron U-120 M, where the strong focusation will be
employed. This complicated task is being realized in the Joint Institute of
Nuclear Research at Dubna in collaboration with our Institute. / 63



SOURCE OF POLARIZED IONS

Fig. 37 I

Obr. I 36 I

Cyclotron U-120 and transport beam
% system.

A need of beams of polarized particles is more and more pronounced
in nuclear physics. Thus, a source of polarized ions for the cyclotron U-120
was developed (fig. 37). It consists of the polarized ion source and of the
injector. First, molecules of hydrogen or deuterium are dissociated by means
of the rf discharge. After passing through the shortened Laval jet, atoms
enter the quadrupole magnet, where the separation according to the spins
of electrons takes place. Transitions between Zeeman atomic levels are then
excited in the polarizer. The polarizer yields about 3.1015 atoms per
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second. These atoms with a definite nuclear polarization are further ionized
in a strong magnetic field and introduced into the injector. There, the
polarized protons or deuterons of about 1 uA are accelerated to the energy
of 40 keV and neutralized by collisions with a gas in a special chamber.
A beam of the neutral particles is brought onto a thin carbon foil, which
is placed between the dees. The final ionization and acceleration in the
cyclotron is performed there. The beam of 3 nA was obtained in the centre
of the cyclotron, when carrying out experiments with deuterons. After being
accelerated to an energy of 13 MeV, the beam of 75 pA was extracted. Its
vector polarization was as high as 42 %.

The polarized particle intensities obtained from the polarized ion source
(without the injector) in the polarizer are well comparable with results
reported from other laboratories. However, the method of radial injection
of the beam does not allow a substantial improvement of the ratio of
injected ions to accelerated ions. In the reconstruction of the cyclotron,
a standard axial injection of the beam is considered. This procedure will
enable to increase the beam from 10 nA to 50 nA. In the meantime the
equipment already constructed is supposed to yield polarized neutrons with
the energy of 14 MeV from the reaction T (d, n) alpha.

ELECTROMAGNETIC SEPARATOR OF ISOTOPES

Electromagnetic separator of isotopes produces the targets containing pure
isotopes only and it proves to be also useful in developing field of the ion
implantation. / 65



The separator is of the so-called Scandinavian type. It was constructed
in 1969 -r- 1971 in the Institute and it also belongs to the basic equipment

Fig. i 38 / of our institute (fig. 38). In the separator, the sector—type magnet,
fabricated in Elektrotechnické závody Skoda—Plzeñ Co, Doudlevce, is used.
The volume of the vacuum chamber of the separator is 2501 and the pressure
of 2.10"6 mm Hg is easily reached there. The power supply with the voltage
of 50 kV is employed to accelerate the ions, its stability is of 1.10"5. The
power input for the ion source is realized by means of two insulation
transformers capable to withstand 100 kV. A sensing device, based on the
principle of a rotating needle, makes possible the monitoring of the
separated beam during the irradiation.

The material to be separated is firstly ionized in the ion source. Several types
are used, some of them were developed in the Institute. For the isotopes
with the mass number 100 and 101, the separator dispersion is 15 mm. The
resolution was found to be 1200 in the doublets 6Li + , 1 2 C + + and 7Li + ,
1 4 N + + when using the current up to 1 uA. When ionizing krypton, the
highest beam of 80 uA was obtained. The attained parameters of the
separator are comparable with the parameter of the similar foreign devices.

The separator is employed to separate the microgram amounts of isotopes.
A continuously variable energy up to 50 keV is especially useful when the
ions are to be implanted. The samples of semiconductors with implanted
ions of Li, N, O, P, Fe, As, Kr, Cd, Te and Xe with densities ranging from
1011 ions/cm2 to 1017 ions/cm2 were already prepared. Beams of these ions
were accelerated in the energy interval from 5 keV to 50 keV. / 66



VAN DE GRAAFF ELECTROSTATIC ACCELERATOR

Fig. I 39 , 40 ¡ Electrostatic accelerator of the Van de Graaff type (figs. 39 and 40) is another
basic large—scale device of the Institute. Van de Graaff generator for the
electrostatic accelerator was manufactured by ZVIL Co, Plzeñ in 1963.
Its dimensions are as follows: diameter 2 m, height 8 m, internal volume
23.5 m3, operational pressure 15 atm. Using an insulating gas mixture
consisting of 70 % of N2 , 23.5 % of CO2 and 6.5 % of Freon at the pressure
of 8 atm, short—circuit current of 350 uA and breakdown voltage of 6 MV
were found.

Fig. I 39 I

Section through the Van de Graaff
accelerator.

1 — high voltage electrode; 2 — pressure
vessel; 3 — equipotentialshells; 4 —

charging belt; 5 and 6 — loner and upper
charging systems; 7 and8 — accelerating

tubes; 9 — ion source; 10 — capacity
liner.
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Other accessories (pumping system, accelerating tube, ion source, power
supplies and ion guide) were constructed in the Institute. In 1964 the
accelerator was set in a trial operation. It worked without an energy
stabilization and it accelerated protons to the energy of 2.5 MeV. During
two years of the trial operation the most important insufficiencies were
removed and in 1966, the accelerator was able to meet some demands
of physicists.

After a modification, the accelerated protons and deuterons reached the
energy of 3.5 MeV, the separated beam being 10 uA and the energy stability
1.10~3. The attainable energy was limited by an electron loading in the
accelerating tube (exchange proccesses and multiplication of electrons on the
internal edges of the tube electrodes) and it decreased gradually.

Ceramic guides of the belt were installed into the column of the generator
in 1970. In addition to a substantially improved smooth running of the belt
and an increased voltage stability, the life of the charging belt was lengthened.
In the following year, the loss-free voltage stabilization by means of the
capacity liner was introduced and the stability of the accelerated beam
better than 1.10~4 was obtained. At present, the ion source and the
ionoptical output into the accelerating tube are being remodelled. When
these modifications are finished, the attainment of the energy of 4 MeV and
of the separated beam 10 uA are supposed.



DEPARTMENT
OF ELECTRONICS

DEVELOPMENT

Engineers and technicians engaged in the electronics in the Institute are
either concentrated in the Department of the electronics development or are
included in the physical departments of the Institute. Problems of the
electronics solved in the Institute can be divided into four categories:

— electronics of the spectrometric measuring systems
— acquisition and processing of the experimental data by the computer
— automatization of the measurement and the control systems
— introduction of new progressive kit systems.

ELECTRONICS OF THE SPECTROMETRIC
MEASURING SYSTEMS ' —

Practically all electronic devices of the analogue section of the spectrometric
chain were developed in the Institute: charge-sensitive preamplifiers for
semiconductor detectors, linear amplifiers, single-channel amplitude
analyzers etc. Time-to-amplitude converter, fast coincidence circuits, fast
electronic units etc. were developed for a time analysis. Furthermore, several
types of the high-voltage sources for scintillation and semiconductor
detectors were constructed. Remarkable results were achieved with the
charge preamplifiers. Over 200 pieces have been produced and they are

Fig. i 4i i being exported to all socialist countries (fig. 41). The last element between
the analog and digital sections of the spectrometric chain is the
amplitude-to-code converter. Two types of the multichannel amplitude
converters were developed for the semiconductor detector measurements.
Good parameters were obtained with the last type, which converts the
amplitude of the voltage pulses from a linear amplifier into a twelve-bit / 69



digital code. Ten pieces of these amplitude conveners were produced
Fig. i 42 (fig. 42) .

High energy resolution attainable with semiconductor detectors can be
impaired in long-term measurements by time fluctuations of a gain and of
a zero level in the input section of the spectrometric chain.
A decrease of the resolution owing to these fluctuations can be
considerably reduced by a spectrum stabilizer which retains a constant
value of a gain as well as of a zero level in a measuring chain.
A system is designed in a form of an open module kit in such a way,
that by replacing a particular unit it is possible to vary the system
properties according to the character of a performed experiment and
to adjust it to a measuring device. A system enables to stabilize from four to
eight parameters (a gain or a ground level) when employing the reference
signals from a precision pulse generator developed for this purpose.

As an output device of the spectrometric chain either multichannel
analyzer or a small computer are being employed. Multichannel analyzer
is essentially a small specialized computer with limited operational
possibilities. 4096-channel analyzer with a ferrite core memory, developed
in the Institute in 1965, belonged, as regards its parameters, to the up-to-date

fíg. i 43 i analyzers (fig. 43). Eight analyzers were produced and till today they are
used in the laboratories of the Institute, together with the imported ones.

A recording system on the 28-track magnetic tape was developed for ihe
two-parameter spectroscopie measurements, where an analyzer memory
capacity of several thousand words is insufficient. During the experiment / 70



the equipment allows to record the digital codes of the measured data with
density of ten twelve-bit codes on a millimeter of a tape. This system enables
to record an amount of experimental data which would otherwise require
an analyzer memory of several millions of words. To compensate the
statistically distributed incoming codes, a buffer ferrite core memory
developed in the Institute is connected to the input of the tape recorder.
Upon a completion of an experiment the codes from a tape are transferred

Fig. i 44 i to the computer where the useful information only is selected (fig. 44).

ACQUISITION AND PROCESSING
OF THE EXPERIMENTAL DATA BY A COMPUTER

A number of units necessary to link the Czechoslovak punch tape reader
FS 1500, puncher FACIT, multitrack tape recorder, magnetic spectrometer
etc. to HP 2116 B computer operating in the department of nuclear
spectroscopy, were constructed. Additional interfaces with excellent
parameters could thus be used and the computer could be employed in
cooperation with present experimental facilities.

Similarly, a linkage of HP 2100 computer working in the cyclotron building
was performed. Multitrack tape recorder and several multichannel analyzers
were connected to the computer. A system of data transfer which
interconnects various experimental equipments and the computer was
elaborated. A measuring center is being formed there, in which all measuring
devices and the output equipments will be effectivelly employed.
Simultaneously, a data transfer between the cyclotron and Van de Graaff
electrostatic accelerator buildings will be possible.



Fig- 45 46 i

EC 1010 computer was installed in the laboratory of neutron physics. It is
the smallest computer of a series Unified System of Electronic Computers,
till now the first specimen under way in Czechoslovakia. After a system
completion it will serve, in addition to the processing of the experimental
data also for a control of five experimental equipments of the laboratory,
some of which have been till this time controlled by special electronic devices.

An operational input-output unit for a small computer, the graphical display
equipped with a light-pen was also developed in the Institute. Display allows
a point representation of spectra stored in a computer memory, text writing
and drawing of simple charts on a TV screen. Together with a light-pen, it
considerably simplifies a dialogue of an experimenter with a computer and
appreciably accelerates a preliminary data handling in a computer. All
computers working in the Institute will be equipped with the display. Due to
its simplicity and versatility it arouses a fair interest in other institutes
(figs. 45 and 46).

MEASUREMENT AUTOMATIZATION
AND THE CONTROL SYSTEMS

In the Department of low temperature physics an equipment for
a measurement of an angular distribution of radiation from oriented nuclei
is installed. The device consists of two measuring channels, each of which
includes three converters transforming an analog signal amplitude from
a radiation detector to a digital value. Converters operate in a time
coincidence mode. Signal evaluation occurs automatically during every
coincidence event and the measured values are recorded either with / 72



a typewriter or on a magnetic tape. A unit for evaluation of a record from
a magnetic tape, which is being transferred to a punch tape in the codes
of ASCII or GIER, is also a part of an equipment. The apparatus can also
be used as three six-digit decade counters.

Department of nuclear reactions operates an automatic plate scanner of the
nuclear emulsions, exposed to the nuclear reaction products in the
multiangular magnetic analyzer. The evaluation of the microscopic tracks
proceeds quite automatically. As a result, a spectrum is obtained, recorded
either graphically or on a punch tape in 35 000 channels. The apparatus
removed a former visual emulsion scanning in a microscope and reduced
a time necessary for evaluation considerably.

Various current stabilizers were developed in the laboratories of the
Institute. They are used to feed the calorimeters, to stabilize a light flux and
as the sweep generators etc. Practically all stabilizers for higher currents are
employed, as a rule, to feed the coils of the magnets.

Van de Graaf electrostatic accelerator is equipped with a system of
measuring and control devices, which assure a high stability and a precise
adjustability of the energy of the accelerated particles. The stabilization loop
of the accelerated particle energy is formed by a measuring slot, high
voltage regulator and a magnetic separation unit. High requirements are put
on a value of the magnetic field induction of the separation unit. A range
of adjustability of the magnetic induction is from 0.15 T to 1.25 T, with the
accuracy of 0.01 % and a long-term stability of the induction is better than / 73



0.001 % of the adjusted value. A magnetic field stabilizer was developed
in the Institute for this purpose. It consists of two main sections: magnet
current stabilizer with a regulator and an indicator of the magnetic induction
deviation from the required value, based upon a principle of nuclear
magnetic resonance. Current stabilizer is continuously adjustable in the
range from 10 A to 120 A for the input voltage as high as 80 V. Long-term
stability is better than 0.05 % and a short-term one is better than 0.005 %.
This stabilizer was developed in cooperation with Zentralinstitut fur
Kernforschung in Rossendorf, GDR. The apparatus is equipped with
a display unit of a signal of nuclear magnetic resonance and with a digital
indication of the magnetic induction value.

A similar simpler stabilizer of a magnetic field was developed for a beta ray
magnetic spectrometer. As an indicator of the magnetic field deviation from
the required value, a sensor is used, whose main part is a magnetically soft
material with a right-angle hysteresis loop (permalloy probe). Stability
is better than 0.01 %.

INTRODUCTION OF NEW PROGRESSIVE KIT SYSTEMS

A number of devices is being solved by a kit approach, which already
involves all necessary circuits for interfacing the computer. There are several
types of such kit systems. System CAMAC was chosen as the most suitable
one for our Institute. This system is also used in most CMEA countries.
In this system all function units are constructed according to a uniform rule,
in respect of a mechanical shape, dimensions (panels, units, boxes), electric / 74



parameters (supply voltage, input and output signal level) and the way of
mutual cooperation on a dataway.

A number of function units (devices) were developed in the Institute in
a CAMAC system, together with several simpler autonomous systems

Fig. i 47 i 48 i controlled by a programable control unit (figs. 47, 48).



COLLABORATION OF
THE NUCLEAR PHYSICS

INSTITUTE OF
THE CZECHOSLOVAK

ACADEMY
OF SCIENCES

WITH FOREIGN
AND OTHER

CZECHOSLOVAK
INSTITUTES.

PUBLICATION
ACTIVITY.

After the Nuclear Physics Institute was founded, an efficient help of the
Soviet Union in a further development of nuclear physics has become
evident in the preparation of our specialists and scientists. Some 40 members
of the staff of the Nuclear Physics Institute graduated from the universities
in the USSR or finished their PhD studies at soviet faculties and research
institutes.

Whole range of members of the staff of the Institute has profitted
considerably from long-termed stays in the prominent foreign institutes.
These stays have been important not only for acquiring further knowledge
and experience in the scientific research, but they also often have led to
a permanent scientific collaboration. Above all, this is true for the
long-termed stays in the Joint Institute of Nuclear Research in Dubna
(JINR), in which more than 40 of our specialists participated succesively
from 1957 till the end of 1974. Eight researchers spent long-termed stays at
other soviet institutes and universities: Moscow State University, Leningrad
State University, Radiological Institute and Institute of Technical Physics of
Acad. Sci. USSR in Leningrad. Since 1957, about 25 of our scientists have
been granted the long-termed leaves of absence to spend at some foremost
physical institutes and laboratories in the western countries: Niels Bohr
Institute in Copenhagen, Denmark; CEN Saclay and University of Orsay,
France; Clarendon Laboratory in Oxford, Great Britain; Max Planck
Institute of Nuclear Physics in Heidelberg and Technical University in
Karlsruhe, FRG; ICTP in Trieste, Italy; University of Pittsburgh, Stanford
University in California and Brookhaven National Laboratory, USA;
University of Uppsala, Sweden; University of New Brunswick and University
of Manitoba, Canada. / 76



In all branches of nuclear physics and technology which are being pursued
in the Institute, a collaboration with foreign institutions influences
significantly a level and a continuous advancement of the scientific activity.
In accordance with the extent, with the importance and with the results
obtained, the collaboration with JINR is the most significant one. It is
realized through the long-termed stays of our staff in JINR, by the
short-termed exchanges of specialists from both Institutes, by carrying out
the joint experiments,' by exchanging information, by the mutual exchange
of some special devices, materials and computer programs, by the joint
data-processing and by the joint publications.

In the domain of the theoretical nuclear physics, our Institute collaborates
with JINR in the study of a capture and a scattering of electrons, photons,
mu- and pi-mesons in the last years. The series of contributions was finished
dealing with special features of the high-excitation (20 -r- 30 MeV)
mechanism in the light non-magic nuclei. Important results in explaining
the measurements of the elastic scattering of pi-mesons on 3He were
obtained and the advancement of the theory of the two-step process in the
stripping is promising as well. The study of the structure of giant resonances
is being pursued further on.

Many years tradition of the collaboration in the domain of the nuclear
spectroscopy is especially noteworthy. In JINR, our specialists took
important part in a study of the properties of various isotopes of
neutrondeficient nuclei, e. g. Ta, Os, Ir, Tm, Lu, Dy and some others, in the
development and construction of new devices, measuring systems and also
in some methodological studies. At present, one group is collaborating in the / 77



joint program JASNAPP. In fact, this group explores the neutrondeficient
isotopes of Er, Tm and Yb. The collaboration resulted in finding several
new isotopes and in gaining an original information on energy levels and
quantum characteristics of the nuclei studied.

Department of low temperature physics of the Institute cooperates with
JINR in a research of nuclear orientation methods, in new principles of
cooling and in a study of the physical properties of the superconductors.
Again, the collaboration resulted in a construction of the 3He—4He dilution
refrigerator, which was employed in the long-termed experiment with the
polarized nuclei 59Co and 165Ho at the reactor WR-S in Rez,
in a preparation of the medium-size proton polarized target, determined to
the study of the low energy nucleon-proton scattering and finally in preparing
samples of monocrystals, covered by thin layers containing transuranium
elements, assigned for the alpha-radiation study of the oriented
transuranium nuclei.

The collaboration in the neutron physics is focused on three problems. The
first one is a study of the radiation capture of resonant neutrons from the
fast pulse reactor IBR—30. In fact, the partial gamma-widths of neutron
resonances of a number of medium and heavy isotopes (Va, Cs, Pr, Gd, La,
Yb and some others) were determined. The second one is connected with
an investigation of the (n, alpha) reaction with thermal or resonance
neutrons. More explicitly, the total and partial alpha-transition widths
in i 4 7 i l 4 9Sm and 145Nd were found and a long-termed experiment aimed
at an explanation of the origin of a novel type reaction 143Nd (n; gamma,
alpha) was finished. And finally, the third one is devoted to an application / 78



of neutron physics methods in the solid state physics, to an analysis of (n, e)
interaction and to some questions of the neutron optics.

Since 1970, a reconstruction of the cyclotron U-120 into an isochronous type
U-120 M has been under way within the framework of an intensive
collaboration of our Department of accelerators with JINR. The isochronous
cyclotron is being developed for our Institute in JINR, where our specialists
are taking part in this development, too.

The Department of electronics development, in a collaboration with JINR
laboratories, solves, among other problems, questions of building the
measuring centres, of applying the kit system CAMAC, when an
interconnection of the experimental equipment with the computer is
intended. The collaboration resulted e.g. in the multitrack magnetic tape
memory, in the amplitude-to-code converter for the two-dimensional
measurements and in the display equipped with a light-pen. This last one
is designed for displaying graphs, tables, and text and it simplifies
considerably a communication of an experimenter with the computer. Also,
some kit units completing the system CAMAC and extending its
applicability, should be mentioned here.

For nuclear physics research in Czechoslovakia the contribution of the
cooperation with JINR is much more important than the problems
mentioned above suggest. Nowadays nuclear physics requires large and
costly equipments and moreover, an organization of a team research as well.
From that point of view, JINR offers us the unique possibilities for the
scientific work, which are not attainable in Czechoslovakia. / 79



As to other foreign scientific institutions, with which the Nuclear Physics
Institute keeps the active scientific contacts and collaborates, let us quote
them as follows: Moscow State University (a study of the collective
excitations of light nuclei), Leningrad State University (nuclear and optical
spectroscopy), Institute of Physical Problems of the Acad. Sci. of USSR
(low temperature physics), Kazan Physico-Technical Institute of the Acad.
Sci. of USSR (paramagnetic resonance), Kharkov Institute of Technical
Physics of the Ukrainian Academy of Sciences (low temperature physics),
Nuclear Energetics Institute in Obninsk, USSR (accelerators), Central
Nuclear Research Institute in Rossendorf, GDR (nuclear spectroscopy,
physics and technique of accelerators), Institute of Nuclear Research
in Debrecen, Hungary (internal conversion of gamma rays), Nuclear
Physics Institute in Cracow, Poland (experimental and computational
techniques), ICTP Trieste, Italy (theoretical nuclear physics), Niels Bohr
Institute in Copenhagen, Denmark (mass separators, theoretical nuclear
physics), Research Institute for Physics, Stockholm, Sweden (nuclear
spectroscopy), Max Planck Institute in Heidelberg, FRG (selected topics
of the internal conversion), Technical University in Karlsruhe, FRG
(superconductivity), Central Institute for Nuclear Research, Budapest,
Hungary (nuclear electronics).

Besides, our Institute takes active part in a collaboration within the
framework of the CMEA task I—14.1 "Low Temperature Physics". Nuclear
Physics Institute was chosen to be the principal coordinator for that task in
Czechoslovakia. The joint effort is concentrated on a development of new
methods of cooling, very low temperature measurements, a superconductivity
research and on a research of nuclear orientation methods. / 80



The scientific activity of the Institute in general can be characterized by the
publication activity to a certain extent. In the following Table, the
publications of the staff of the Institute are arranged according to . -j
scientific domains and the appearence period:

period

1955—60

1961—65

1966—71

1972—74

total

domain 1

1

48

104

34

187

2

22

42

108

42

214

3

36

48

80

51

215

4

22

91

111

77

301

5

2

13

29

7

51

6

11

32

65

58

166

total

94

274

497

269

1134

1 — theoretical nuclear physics
2 — nuclear spectroscopy
3 — low temperature physics and technique
4 — neutron physics and nuclear reactions
5 — accelerator physics and technique
6 — other domains (electronics, chemistry, optical methods in nuclear physics,

instrumentation and some others). I 81



For the most part, these articles were published in foreign and Czechoslovak
scientific journals, others appeared as preprints of our Institute and also
of some foreign ones.

Besides, 98 patents, patent applications and authorship certificates were
submitted in the Institute in the 20 years past.

The scientific research carried out by our researchers either directly in the
Institute or during long-termed stays in JINR, Dubna has been often
appreciated which is visualized by many prizes awarded. Altogether 60
specialists from our Institute shared various prizes from 1959 till 1974.

Immediate contribution of the scientific results and of the application of
nuclear physics to other scientific branches, to technology and to the national
economy manifests in the collaboration with other Czechoslovak institutes,
universities and with industry. In the course of the existence of the Institute
this collaboration has been very extensive and many-sided. We shall list here
only few of the most important ones.

In the period 1960—1965, semiconductor detectors were being developed
in collaboration with the Institute of Solid State Physics of the Czechoslovak
Academy of Sciences. Moreover, their characteristics were studied and the
influence of the production technology on their properties was analysed.
Our Institute was then among the first producers and users of these
detectors. The collaboration has proceeded later in the Si-detector
development with the Institute for the Nuclear Equipment Research of the
TESLA Co. in Premysleni. The joint program of this Institute and of our / 82



Department of electronics development covers other branches of electronics
as well.

A broad collaboration of our Institute with whole range of scientific and
research institutions in Czechoslovakia in neutron activation analysis is
based on the modern experimental equipment for the nuclear spectroscopy
and on a vast scientific and methodological experience of our specialists
in this region. Both institutes of the Academy and industrial research
institutes take part in this program, interconnecting geology, chemistry,
research of materials, ecology and some others. The elemental analysis using
a method of charged particle scattering together with an application of
(n, gamma) and (n, alpha) reactions and with a method of channelling,
is a connecting link of our Institute with the Institute of Inorganic
Chemistry of the Academy. The joint program INTERCOSMOS associates
three institutes of the Czechoslovak Academy of Sciences, viz. the Institute
of Astronomy, the Geological Institute and the Nuclear Physics Institute.

A link of the scientific activities and a close neighbourhood of the Nuclear
Research Institute of the Czechoslovak Atomic Energy Commission, with
which our Institute constituted a single scientific and research centre until
1972, is shown by a broad economic, technical and research collaboration.
Our Institute employs e.g. the reactor VVR-S of the Nuclear Research
Institute to meet the needs of the neutron physics and to produce isotopes
for the nuclear spectroscopy. On the other hand the cyclotron U-120
produces radioactive isotopes for the Nuclear Research Institute. High
quality superinsulation, developed in our Institute, is employed by the
Nuclear Research Institute when fabricating Dewar vessels for a liquid / 83



nitrogen currently used all over the Czechoslovakia. Another possibility for
a collaboration offers the mass separator belonging to the Nuclear Physics
Institute in connection with the ion implantation, performed for the
Nuclear Research Institute and for other institutions in Czechoslovakia,

Since the foundation, the Nuclear Physics Institute closely collaborates with
the FEROX Co. in Dëcin. As a result the first Czechoslovak helium liquefier
had been put into operation in our Institute in 1960. Later, the FEROX Co.,
using the experimental equipment of the Nuclear Physics Institute and the
experience of the Institute's staff, developed a prototype of the helium
liquefier with an expansion engine. FEROX Co. also used the documentation
of the 3He—4He dilution refrigerator for the attainment of very low
temperatures, designed in the Institute, for a series production. Moreover,
new results on multilayer heat superinsulation will be employed by the
FEROX Co. for producing large Dewar vessels for a liquid helium.

The collaboration of the Institute with universities is characterized by
a variety of forms as e.g. a participation of the university staff in some of our
research programs, an organization of specialized short stays and diploma
works for students and of long-termed stays for graduated students in the
Institute, lectures and seminars, delivered by the scientists from our Institute
directly at faculties etc. In this sense, the Institute has the most fruitful
contacts with the Faculty of Mathematics and Physics of the Charles
University in Prague. They cover the nuclear spectroscopy, neutron physics
and theoretical nuclear physics regions. Besides, our Institute collaborates
with the following faculties:



— Faculty for Mechanical Engineering of the Czech Technical University
in Prague (nuclear spectroscopy, neutron physics)

— Faculty for Electrical Engineering of the Czech Technical University
in Prague (neutron physics)

—Technical University for Mechanical and Textile Engineering in Liberec
(neutron physics)

— Faculty for Natural Sciences of the J. E. Purkynë University in Brno
(ion implantation)

— Faculty for Electrical and Mechanical Engineering of the Czech Technical
University in Plzeñ (low temperature physics)

—Faculty for Natural Sciences of the P. J. Safárik University in Kosice
(low temperature physics).
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A photograph of the HP .? • ¡6 B computer
and the graphic display equipped with

a light-pen. Facilities are used to control
the experiments and data processing.

Example of the measured spectrum shown
on the screen of the graphic display
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Example of the measured speanim shown
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Gamma-gamma coincidence' apparatus.
The coincidence events are recorded on

the inullitrack magnetic tape.



Experimental set-up for in-heam gamma
ray spectroscopy using (iHe. xnj
reactions on the cyclotron U-I20.
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Gamma ray spectrometer with the Ge(Li)
detector used for the measurements

of single gamma ray spectra.



An iron double focusing hela ray
spectrometer with 50 cm nrhit nidiu\

controlled by the HP 2116 B computer.
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View of the magnetic multichannel
analyzer, the quadntpole doublet and

a part of the separation magnet.
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View oj the internal arrangement of the
target chamber used for ungular

distribution measurements of energy
spectra. Silicon semiconductor detei tors

lor simultaneous nmltiangle measurements
are placed on turn-tahles.
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View of the experimental apparatus at the
horizontal beam-holes of the VVR-S

nuclear reactor.
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Three-axis crystal spectrometer of slim
neutrons. TKSN-400.

Fig.









Adiahaiic demagnetization apparatus



Fig.

lien' of the ávinimieally polarizedproton
largei installed at the Van de Graajf

electrostatic generator.



Fig. 32

Detailed view o) the open lower part o)
Ihe microwave cavity and of the nuclear

magnetic resonance spectrometer coil.
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Fig- I 33 I
I

Phase distribution in a superconducting
sample with nominal composition

Nby M'o.163. Geo.13i). Dark-blue
regions are A-15 structure with the

critical temperature 21 K.
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AC resistance bridgeJor low temperature
thermometry: model CR YO- -t.
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Ion guide with analysing and switching
magnet.

Fig. 41)



Fig. i 41

Charge sensitive pre-amplifier for Ge(Li)
detectors. (The zero pF noise I.I keV,

th: slope 35 eVjpF).



FIK- •>:

Double 4096 channel analog - digital
converter I the gain anil zero-level

siahiliiy is ¡0~il C integral linearity
better than 0.01 "„, ilijjerenlial linearity

belter than I ",t. the working region is up
to 40 "„ of dead time i.
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4096 channel amplitude analyzer with the
fa'rile core memory.

Fig. I 43



28 track lape recorder for
multidimensional recording.

lit; 44



Fig. 45

Prototype o/ the graphic CRT display
equipped with a light-pen.



Gamma ray spectrum displayed
on llw CRT.

Fig.



Fig- I 47 I

Box of modular system CAM AC with
several modules.
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