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A COMPARISON BETWEEN PUBLISHED K-SHELL I10NIZATION
CROSS SECTIONS AND THEORIES

H. Paul

Johannes-Kepler-Universitat Linz, A-J0™0 Linz, Austria

We compare K-X-Ray and K-Auger cross section data, taken
from Table 1 of the compilation by Gardner and Gray [1] and
from some more recent publications in a consistent manner.
Only data available in numerical form are used for which Z./Zp
< 0.3, where Z. and ZO are the atomic numbers of projectile
and target, respectively; this keeps electron capture to the
projectile small. The data are converted to 1onization cCross
sections o using a single table of fluorescence yields [2].

For the purpose of graphical comparisons C3l» we plot
s = vs* Projectile energy, where afpgcR=
iIs the theoretical cross section by Brandt ana Lapick¥(m PSSR
which takes increased binding, polarization, relativistic and
Coulomb deflection effects iInto account. In particular, the
Coulomb deflection factor, taken from ref.[5l, 1is

CKG) = exp(-X)/ (@ + x/9), @

where x = *dqO¢ and d i1s half the distance of closest approach
(for a head-on collision), digQ Is the minimum momentum transfer
for ionization, and ¢ is the binding/polarization correction [51.
Such plots have been useful in discovering misprints [6] and
establishing data trends. In order to compare several targets,
we plot s versus the scaled velocity ¢ = (2/0) xiv~NVp..), where
V. 1s the lab velocity of the projectile, v2K the nydrogenic
velocity of the target K-shell electron, ana 9 iIs the experi-
mental #onization energy divided by (Zp-0.3)2Ry, where Ry 1is
the Rydberg energy.
These comparisons show that
a) almost all the data lie between 60 % below and 60 % above
the theory,
b) the ratio s is systematically small-for ¢ < 0.2, presumably
due to a deficiency of the Coulomb correction
c) for B, C, N, 0, and F projectiles the ratio s has a minimum
around C = 0.6 which could possibly point to a deficiency
of the binding correction.

To obtain a more quantitative comparison, we divide the
entire c¢-range of available data iInto intervals of width
OE = 0.2. In every interval, we determine a weighted average
5 = (EwjSy )/lwj , where wj = 1/ej2 and cj is the error of data
point sj, as given by the authors. To avoid averaging



correlated data, we take one and only one data point from every
reference, within every interval AC.

Taking all the proton data for 19 « Z~”~ 92 in the range
0.2 « C<2.8 we find that

a) the average data (taken from 36 different references) agree
with the Brandt-Lapicki-theory within 10-15 %;
b) i1f one separately adds the values x2 and T (degrees of free-

dom) for the 13 averages S;, one obtains

1.62,

i.e., agreement with the statistical expectation could be
obtained by increasing all stated errors by only about 60 %,

c) the theoretical cross section by Ford, Fitchard, and
Reading, calculated iIn higher order Born approximation, lies
about 10-15 % below <*cPSSR and agrees about as well with the
average data as the CPSSR theory.

d) the averages for protons on lighter targets, and for alpha
particle projectiles are rather similar.

Finally, to investigate the low velocity region (¢ < 0.2),
we define an empirical Coulomb correction Ce = °ex/aPSSR for
every data point, and we plot log Ce versus x = IrdpE£.
Ideally, these points should then lie on the theoretical curve
eq- (@) which may be well approximated by C¢ = exp(-Xgx) with
Xg = 1.11. In practice, the experimental points are found to lie
below the curve Ck(x), the deviation increasing with increa-
sing 2. If we Tit the experimental points by means of a curve

obtain the following results:

bO-Range X
Protons 13-46 1.44+0.06
47-92 1.65+0.08
Alphas 22-50 1.42+0.09
51-92 1.62+0.04

which should be compared to the theoretical X¢ = 1.11.

Using the exact [71 rather than the approximate [8] limits of
integration in the PWBA theory reduces X by about 0.1 and,
hence, reduces the discrepancy. But additional Improvements in
the Coulomb correction are apparently needed.
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ON THE ELECTRONIC RELATIVISTIC CORRECTIONS FOR
K-SHELL CQULOMB TONTZATIONS

TAKESHI MUKOYAMA

Institute for Chemical Research, Kyoto University,
Kyoto, Japan

and

LASZLO SARKADI

Institute of Nuclear Research, Debrecen, Hungary

It 1s well known that the electronic relativistic effect
in K-shell Coullomb ionization becomes important for two ex-
treme cases; heavy target elements and low-energy projectiles.
There have been developed several methods for the relativistic
correction, but no systematic study has been made on compari-
son of these methods with each other and with the exact
relativistic theory. In the present work, we have calculated
K-shell 1onization cross sections by proton impact iIn the
plane-wave Born approximation with relativistic hydrogenic
wave functions for target electrons (RPWBA) [1] and compared
with the various correction methods.

The RPWBA calculations have been made in the similar
manner to the method of Jamnik and Zupaniic [Z] . For the
limits of momentum transfer, the exact values have been used
[3] instead of approximate ones. The relativistic effect is
expressed as the ratio to the nonrelativistic plane-wave
Born-approximation (PWBA) cross section with the exact maximum
and minimum momentum transfer [4] .

In order to take into account the electronic relativistic
effect, Merzbacher and Lewis [b5] proposed to use a modified
screening number in the nonrelativistic PWBA cross section
formula. A similar approach was used by Caruso and Cesati
[6] - They defined a diffez-ent relativistic screening number.
Hansen estimated the correction factor in the binary-encounter
approximation (BEA) from the relativistic mass-velocity
relation and presented i1t in the tabulated form [7]. Based
on the semiclassical approximation (SCA), Amundsen et al.
derived an approximate correction factor in the analytical
form [8]- This result was modified by Anholt to be applicable
for superheavy atoms [9]. Recently, Brandt and Lapicki [10]
developed a new method and the effect was i1ncorporated into



the PWBA cross section formula.

In figs. 1-3, these correction methods are compared with
the RPWBA. The ratios of the relativistic to nonrelativistic
K-shell 1onization cross sections by protons on Cu, Ag and Au
are plotted as a function of the projectile energy and the
energy-scaling parameter q~z. This parameter is defined as
g~z = 4 Nk/exk” where m; Is the scaled projectile velocity and
OK is the screening number of the target K-shell electron.

It i1s clear from the figures that iIn comparison with the
RPWBA (the solid curve), the correction methods of Merzbacher
and Lewis [5] and of Caruso and Cesati [6] yield too samll
values for low-energy projectiles. The curve for the BEA
correction by Hansen is drawn only for the parameter range
given iIn the table [7]. Within this range, the obtained values
are in agreement with the RPWBA for targets with low atomic
numbers, but the extrapolated values beyond this limit over-
estimate the relativistic effect considerably, as already
pointed out by us [3]. On the other hand, fig. 3 shows that
this method underpredicts the relativistic effect for heavy
target elements.

The method of Brandt and Lapicki [10] s i1n good agreement
with the RPWBA in the parameter range g~z > 0.04, though it
gives slightly smaller values. For lower projectile energies,
this method overpredicts the relativistic effect. The SCA
correction factor of Amundsen et al. [8] agrees well with the
RPWBA for Au, but systematically overestimates the cross
sections for low atomic numbers. The best overall agreement
with the RPWBA 1is obtained by the method of Anholt [9].
However, his correction factor underpredicts the relativistic
effect for Cu In some energy region.

The present results indicate that in application of these
correction methods one should be careful about the range of
parameters where the method used gives a proper correction.
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Fig. 3. Same as fig. 1,
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THE COMPARISON BETWEEN THE K-SHELL IONIZATION OF ELECTRONS
BY RELATIVISTIC PROTONS AND ALPHA PARTICLES

D. Davidovid
Institute "Boris Kidri6", Vin6a, 11001 Beograd, Yugoslavia

At non relativistic energies, the ionization by protons
and alpha paricles, when calculated in the first Born appro-
ximation, appart from the simple charge and mass dependence,
iIs described by the same formulae. This allows one to esta-
blish simple scaling laws |I] and to compare various Cross
sections for collisions of different structurelles ions with
a given target.

However, 1In the relativistic region, the situation is
much more complicated. The aim of this work is to investigate
the differences between cross sections for the electron
K-shell 1onization, when the i1ncident particle iIs a proton
or the alpha particle, which are due to relativistic effects.

For the wave function of the atomic electron the Dar-
win 121 semirelativistic four compnent function is used. Al-
pha particle, being a boson, iIn the relativistic region must
be described by the second order Klein-Gordon equation. This
equation may be linearized. At the velocities for which the
wave fTunction may still be iInterpreted to describe one par-
ticle, the incident proton, as fermion, is described by the
free-particle four component Dirac wave function, while al-
pha particle being a boson, should be described by the two
component wave function |3], one of which is small.

For the interaction between the proton and the atomic
electron Miller |4] current-current interaction iIs used. In
the proton case, the currents of both fermions are described
by the Dirac matrixes. When alpha particle is incident, the
corresponding current must be changed because of the zero
spin, and the two component wave function.

The cross section for the electron K-shell ionization
is calculated in the first Born approximation, using the above
described wave functions and iInteractions. The quantitative
influence of the mentioned differences between proton and
alpha particle, i1s analized by comparing the corresponding
differential and total cross-section.
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COULOMB-DEFLECTION EFFECT ON THE L3-SUBSHELL ALIGNMENT IN
LOW-VELOCITY PROTON [IMPACT TONISATION

J, PALINKAS, B, SCHLENK AND A, VALEK

Institute of Nuclear Research of the Hungarian Academy
of Sciences (ATOMKI), Debrecen, H-4001 Hungary, Pf. 51.

The energy dependence of the L3-subshell alignment of
elements of medium and high atomic number following heavy
particle (p, He+...) iImpact ionisation iIs described fairly
well by the PWBA calculations for projectile velocities
v$>0.2 vL35 where vI3 is the average velocity of the b3-shell
electrons [1].

In the lower projectile velocity region, however, signifi-
cant deviation was found from the PWBA calculations. This de-
viation was especially marked iIn the case of the L3-subS"hell
alignment of gold following 0.8-4.4 MeV He+ (v/vL3-0.1Q0-0.23)
impact ionisation, where the experimental data showed a mini-
mum about E/MM0.4 MeV/amu (v/vL3»0.14) i1n contrast to the
monotonie behaviour of the calculated PWBA values [2]. This
deviation has been assigned to the Coulomb-deflection of the
projectiles and the above minimum behaviour could be explained
in a simple model taking into account the Coulomb deflection.

According to this model the alignment parameter as a func-
tion of the projectile velocity should have a similar behaviour
also for proton impact. The existing experimental data, however,
do not reveal clearly this minimum behaviour.

To clear up the existence of this minimum we have deter-
mined the b3-subshell alignment in gold by measuring the angu-
lar distribution of the Lj/Ly intensity ratio for 0.25-0.6 MeV
proton impact, using exactly the same experimental configu-
ration and method as was used in our earlier work [2]. The only
difference was that the proton beam from the Cockroft-Walton
generator of our Institute has been used.

The experimental data are compared with the theoretical
calculations on figure 1, where we give the experimental b3-
subshell alignment parameters A2 (corrected for Coster-Kronig
transitions) for proton impact on Au: o data of Jitschin et al
[1]: < data of Palinkas et al [2]: i present measurements.
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Our experimental data deviate significantly from the PWBA
calculation (solid curve) of Kabachnik [3] but give good
agreement with our calculation (broken curve) taking iInto
account the Coulomb-deflection [2]. The experimental data
so confirm the existence of the minimum behaviour of the
alignment parameter also in the case of proton impact. It
must be noted that our experimental results are in good”

agreement also with the experimental data of Jitschin et al
[1] except the critical point at 0.25 MeV.
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ION-ATOM COLLISIONS: THE SYMMETRIC REGION

By
J. F. Reading, A. L. Ford, Texas A&M University,
College Station, Texas 77843
and
R. L. Becker, Oak Ridge National Laboratory,
Oak Ridge, Tennessee 37830
In the last decade the simple system of a light bare ion charge Zp
colliding vigorously with the inner shell electrons of a target atom nuclear
charge has been the subject of a thorough experimental and theoretical
investigation. Though it is always premature in physics to say that something
is completely understood the progress made in this asymmetric region (Zp< Z%)
IS such that it is natural in looking to the future to guess that the next
decade will be concerned more with the symmetric region. Many new questions
immediately arise. How can charge transfer as a mechanism for ionization be
conveniently incorporated in existing computer codes? What role will multi-
electron events play as the coupling constant is increased? How can we under-
stand multi 1ionization occuring in a single collision? What can we do
practically to relax the frozen orbital approximation used in atomic orbital
methods? Preliminary answers to these questions will be discussed and confronted

where possible with experimental results.

Supported by the United States National Science Foundation at the Texas A&M

Center for Energy and Mineral Resources.
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SPECTRA OF ELECTRONS FROM THE COLLISION OF SIMPLE SYSTEMS*

D, BERENYI/ E, KOLTAY/ A. KOVER, S. RICZ, GY, SZABO, J. VEGH

Institute of Nuclear Research, Debrecen, Hungary

K.-O. GROENEVELD AND J, SCHADER

Institut fur Kernphysik der Universitdt Frankfurt am Main BRD

The i1nvestigation of the spectra of ejected electrons can
give valuable informations on the collision process itself as
well as on the properties of the projectile and the target.
The study of relatively simple projectile (atomic and molecular
ions) and similarly simple target (atomic and molecular) sys-
tems are especially iInteresting.

We studied the Z2 scaling (the screening effect), the pro-
jectile stripping (electron loss) and molecular effects in the
case of relatively simple colliding systems.

The measurements were carried out on the 5 MV Van de Graaff
in Debrecen and the 7.5 MV Van de Graaff in Frankfurt am Main.
In both cases a simple cylindrical electron spectrometer and
gas beam target were used. H2 and He targets were bombarded by
H+, HE, He+, He++ projectiles. The velocity of the projectiles
were equal. The electron spectra measured in the case of dif-
ferent projectiles were normalized to the electron spectra
measured for H+.

.The theoretical calculations for comparison with the ex-
perimental results were carried out in Born approximation by
taking the screening correction into consideration.

In the 0.8 MeV/nucl case the experimental and theoretical
results are in rather good agreement [1],[2]- The results in
the case of other velocities are under discussion.

Joint project supported in the frare of the German-Hungarian
Cultural Agreement.
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Ag,Ta AND Au L-SHELL VACANCY PRODUCTION BY
0.125 - 4 MeV/amu PROJECTILES Z, £ 10

C.Bauer, H. Richter, P. Gippner, R. Mann, W. Rudolph
Zentralinetitut fur Kernforschung Rossendorf, DDR

K.O. Groeneveld, B, Eckhardt
Institut fur Kernphysik der Universitat Frankfurt(Main) ,BRD

Total Ag,Ta and Au L X-ray cross sections were measured using
O# 125-4MeV/amu protons and *H ions as well as N+ and Ne3/
projeotilea in the energy range of 0*286-1MeV/amu*

The theoretical description of the experimental X-ray cross
sections is generally limited by the uncertainties iIn the
L-sheli fluorescence yields and Coster-Kronig transition
probabilities which are still_.up to 30% for the target atoms
investigated* For proton and Tie bombardment (Z1/Z1<0%*1)
where ionization via direct Coulomb interaction dominates
our experimental results are found to be described within
this limitations already by the PWBA(BC) theory J at gene-
ralized velocity parameters 0*02 £ O)*£ 0.1* At smaller
parameters mainly relativistic effects cause larger i1oniza-
tion probabilities* Using the PWBA(BPCR) model C2 3 which
takes i1nto account as well relativistic target electrons as
a reduced binding effect we observe an Improved agreement
between experiment and theory even at 7 (SOt)< 0.02.
Nevertheless a systematic increase of the oross section
ratios remains with decreasing projectile energy,
e.g. with growing influence of additional binding and Coulomb
deflection corrections. Maximum deviation (Gr™ /(T « 2.5)
was observed In the oase of 0.25 MeV p bombardment of Ta.

Fig. 1 represents the typical situation using heavier pro-
jectiles, e.g. Z~/Z2> 0.1, for instance Ne ions. Whereas

the X-ray cross sections of Au (Z-,/22»0.13) show the same
behaviour as already discussed for proton and *He iImpact more
significant differences appear In the Ag case (Z4/72t=0.21).
With decreasing asymmetry of the collision system there iIs a
rapid growth of charge exchange which results In an additio-
nal probability of target L-shell vacancy production [33*

In comparison to K-L exchange the L-L contribution may be neg-
lected. Because we used projectiles without initial K-shell
vacancy, corresponding to the arguments of Sohiebel et al.[43
we assume a single collision two step process : K«vacancy
production in the projectile followed by a vacancy transfer

18
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Total L X**raﬁ oros®
seotions ©f Kg and
Au for i1ncident Ne
projootlles &S &
function of energya
The experimental

data are compared
with theoretical ro*
suits using the
corrected PWBA model«.

Moreover the K-L
exchange cross secti-
ons for Ne+Ag using
both the atomic cap«
tare and the Nikitin
modal, respectively,
are presented*

(For the strongest
coupling 1s-2p and
g»10* the Nikitin
model parameters are
Rpa0*3aUt cC«6*lau,
e-53° , Ag «73* lau)
The lower part shows
the average K-shell
vacancy production
probability accor-
ding to eg# 1*

E/A [MeVZamui

to the L-shell of the target atom. In first approximation
we suppose both processes occurring incoherently and there-
fore to be faotorizable. With P as the average exoitation
and 1onization probability for one K-shell electron the
L-vacanoy production cross section is given by C4l

-g» + 2P«-w g £ + ?2*<?" il)
where £ éland G** are the K-L exchange cross sections for 1
and 2 vacancies i1n the K-ehell, respectively, and G is the
cross section for the direct L-shell i1onization* Calculating
both Gjh and G« and replacing Gt« Gr£*P  the quantity P oan
be determined from eq* 1* For G¥*,we used the PWBA(BPCR)
theory*

With regard to the oharaoteristic system parameters (asym-
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metry, projectile velocity) we firstly calculated accor-
ding to the capture model of Lapicki and Losonsky [51# In
agreement with Schiebel et al# for F+Ag we receive above

1 MeV/amu a monotonous growth of P with increasing energy. On
the contrary below 1 MeV/amu fig. 1 shows a strong Inorease
of P with decreasing energy in the Ne+Ag case, also observed
for N 1ons# This abnormal energy dependence of P we attribute
to an increasing underprediction of Ce(with decreasing energy
by the capture model used.

At small projectile energies molecular effects get more and
more influence and reduce the atomic transition energy ff <
For the molecular levels 3d<D (-* K) and 2pB’,2a6” (-* L) of
our systems we expect a similar behaviour as 1In Ne+Kr and
Ar+Xe, the K-L sharing ratios of which were investigated as
well experimentally as theoretically [6,7,8,93»

Estimating the molecular effects iIn the K-L exchange we used
the Nikitin theory [101. The model parameters oc and $ were
determined from the matrix elements of a 2-center Coulomb
Hamiltonian (with screening) in the base of H-like functions#
The distance of maximum coupling Rp we determined as the sum
of the average K- and L-ehell radii# For the application of
the Nikitin model to the i1nvestigated collision system iInci-
dence energies of 0.l1-1MeV/amu are relatively high# Therefore
the main deficiency OF our estimating calculation will be the
neglect of dynamical coupling owing to translation effects#

Ab shown in fig. 1 using the Nikitin model we observe more
physically comprehensible P*»values which decrease with de-
Ccreasing energy#
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K-X-RAY PRODUCTION CROSS SECTIONS BY 1 - 2.5 MeV/amu
32S IONS

T. Badica, C. Ciortea, A. Petrovici and 1. Popescu

Institute for Nuclear Physics and Engineering, Bucharest,
Romania

The K-x-ray production cross sections of “Ag, ”~QSn and
targets by 32, 4G, 64 and 80 MeV 32S ions have been
measured. The measurements covered the range of relative ato-
mic numbers; 0.3 4 Z 1/72”~.0.34 and of relative velocities;

0.134V./vQ40.23.

S 1ons with charge states from 6 to 9 were obtained
from the 7.5 MV HVEC-PN Tandem accelerator in Bucharest. Abso-
lute x-ray production cross sections were determined from the
measured yields of x-rays and elastically scattered particles,
for thin solid targets (50-100yug/cm thick). The errors in
Ccross sections were estimated to be + 11%. The experimental
results are 3"nom in Pig. 1. The curves represent the theore-
tical predictions. Theoretical K-shell ionization cross sec-
tions were multiplied by single hole fluorescence yields [I1]
to obtain x-ray production cross sections.

Direct i1onization cross sections for the target atom K-
shell were calculated using the plane wave Born approximation
g:1x) [2] , the binary encounter approximation (BEA) [3] and
the Coulomb perturbed stationary state model with a correc-
tion for relativistic effects (CPSSR) [4] - As i1t 1iIs seen,
the PWBA and BEA theories overestimate the measured cross sec-
tions by more than an order of magnitude. Agreement with the
CPSSR theory 1is seen to be fair, with the agreement improving
for higher incident beam energies. The success of the direct
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E(MeV)
Fig. 1. K-x-ray production cross sections for Ag, Sn and Te by 10ns.



ionization theory to describe the experimental data might be
taken as an a posteriori evidence that the influence of solid
state effects [5] is not iImportant.

A further process that might account for K-shell ioniza-
tion of target atoms i1s the capture of K-electrons into bound
states of the projectile. Contributions from electron capture
(EC) to the observed target K-x-ray production cross sections
were estimated using the Oppenheimer-Brinkman-Kramers appro-
ximation of Nikolaev [6] , scaled by factors CC=0.1 and 0.4,
by summing up the contributions from all projectile charge
states fractions, which were determined from the equilibrium
charge state distribution. These calculations led to the re-
sult that the contribution of the projectile K-shell vacan-
cies was negligible, and the contribution of the electron
capture to the projectile L-sliell was 1mportant. It Is seen
from figure that the CPS3R+EC theory predict resonably well
the experimental data.
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STUDY OF THE Ti, Fe AND Ni K x-RAY SPECTRA
INDUCED BY ABOUT 1 MeV/NUCLEON Xe IONS

A.G.ARTUKH AND A.V_.ERYOMIN
Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research,
Dubna, USSR
V.A_ALTYNOV, M.A_.BLOKHIN, S.M._BLOKHIN, AND A.A.POLYAKOV
Rostov/ State University, Rostov-on-the Don, USSR

In 1ion-atom collisions the high degree of multiple inner-shell ioniza-
tion of both partners takes place /1/. It has been shown /2/ that the de-
gree of multiple inner-shell ionization considerably increases with the
atomic number and energy of the projectile. The experimental investigations

of x-ray spectra induced by heavy ions provide a probe for understanding

many aspects of ion-atom collisions and can stimulate new theoretical develop-

ments .

The present work deals with a study of the high-resolution crystal spec-
trometer spectra of Ti, Fe and Ni K x-rays induced by the heavier Xe ion.
A thick metallic target was bombarded at an angle of 45° to its normal in
vertical and horizontal planes with microampere beams of 125 MeV l%%Xe ions
at the U-300 cyclotron of the Laboratory of Nuclear Reactions of JINR, Dubna.
The K x-rays emitted by the target at 90° to the beam direction were energy-
analyzed by means of a Bragg curved-crystal spectrometer using a quartz
crystal | in 1010 reflection (Fig. 1 a).
Fig.l. a) A schematic
drawing of a curved-
crystal spectrometer.

For the details of
designations, see text.

(2

b) The Ti x-ray fluore-
scence spectrum.
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The focusing spectrometer was of the Johann type with a 100 mm radius for
a focal circle. The spectrometer was equipped with an entrance slit 3 having
a horizontal of 60 /jm and a vertical of 15 mm. The x-ray detector 2 was a
gas-flow proportional counter with a 5/jm Mylar window and a gas mixture of
0?6 Ar +10?6 CHN. Spectra were obtained by step scanning over the desired
angular region at angles separated by an increment in sin B, where B is
the angle between the incident x-ray and the Bragg-reflection plane of the
crystal. The irradiation time for each angular setting of the spectrometer
was controlled by an x-ray monitor detector 4 having the direct view of the
target. This served to minimize the effects due to beam fluctuations and
uniformitites of the detecting x-ray. The monitor detector was identical to
detector 2. The spectrometer had a high-voltage x-ray tube oriented at 90°
to the beam direction on the vertical. The x-ray Tfluorescence spectrum was
used for the wavelength-calibration purposes and to serve as a reference
for the maximum-energy-shift measurement of the satellite peaks. The Ti
K x-ray fluorescence spectrum had a less than 2.5 eV FWHM at 4.510 KeV(Fig.Ib).
The obtained Ti, Fe and Ni K x-ray spectrum is shown in Fig. 2.
The energy maxima of the Tfluorescence
lines for each spectrum are taken as
reference points of the energy scale.
The spectra of all elements show complica-
ted structures. For example, the K x-rays
of Ti are resolved into a series of satel-
lite peaks, each of which is associated
with X-ray emission in the presence
of a specific number of L-shell vacancies.
A comparison of the Ti K x-ray spectra
for light projectiles /2/ shows a richer
structure for Xe ions. The number of
the high-energy satellite peaks and their
intensities increase appreciably. The
maximum energies of lines are shifted and

Fig. 2. X-ray spectra for Ti, Fe the peaks increasingly broaden. A quanti-
and Ni produced by 125 MeV

129 .
Xe 1ons. . o - -
+8 sults and multiple ionization calculations

tative analysis of the experimental re-

will be given in the next publication.
The present spectrometer for in-beam measurements provides a resolution

of about a few eV in the energy range from 1.0 to 10 KeV in a modern version.
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The combination of the high-resolution spectrometer with the U-300 beams of
ions up to Bi with an energy of about 1 MeV/n stimulates systematic investi-
gations of the mechanism of the heavy ion-atom collisions, the structure of
highly excited atomic states and the chemical effects of compounds.

The authors are pleased to express their thanks to Academician G.N.Flerov

for his permanent interest in this work and for useful discussions.
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NUCLEAR SCATTERING IN ION-ATOM COLLISIONS

J_.M. Feagin+ and L. Kocbach
Fakultat fiur Physik, Universitat Freiburg
D - 7300 Freiburg i. Br., Germany

The interplay of atomic and nuclear processes has been treated in
literature in several connections, with stress on either nuclear or atomic
aspects. From the point of view of atomic collision physics, nuclear
scattering contributes little to the total cross sections for inelastic
processes. It becomes important e.g. for large angle scattering, when a
relatively close encounter of the nuclei 1is necessary.

The simplest class of such processes, electron excitation induced by
light nuclei scattered at large angles has been treated in various
applications of the SCA-model £ I, £27~, £33-

A second class of processes may be characterized by the condition that
the projectile energy is near to a nuclear resonance. The nuclei play here
a more complicated role than being simple point particles. Theoretical
investigations of such processes started by the works of Ciocchetti and Mo-
linaril 0 - A broad treatment of these problems has been presented by one
of the present authors [5]. A first experimental demonstration of such
type of processes is the work of Staub and coworkers [6] on the synthesis
of short lived Be, which appears as a resonance iIn He-a scattering. More
recent is the work of Blair et al ~7”~ on proton-nickel scattering.

A third class of processes may be characterized by the presence of a
nuclear reaction, i.e. the particle which is the end product of the ion
atom collision differs from the bombarding ion. As an example one can
mention the study of threshold for (p,n) reaction . Processes of the
second and third type may be of importance for extracting exact information

on nuclear processes from experimental data.

+Alexander von Humboldt Foundation Fellow
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In all three types of processes a mechanism, usually called nuclear
recoil, plays an important role. In various treatments of this contribution
one can find a striking difference: it appears either as a dipole coupling
M . bl or as a coupling of all multipolarities, [5], We consider
a distored wave-type treatment, with a possibility of close coupling
(coupled channels) calculations and show that the two above mentioned

representations may be obtained as two limits of the general approach.

The final aim of this work is to include the nuclear recoil effect in the

type of description proposed by Blair et al. A systematic study of
simple model problems th] (and more realistic ones) for the type of

processes reported recentlytx» D1» t]2> B3> iS in progress.
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Systematics of the 1s™ and 2 Born Cross Sections
for Charge Exchange

L, daté., 3-.S. Bniggs

Fakultat fur Physik, Universitidt Freiburg
78 Freiburg, W. Germany

We have examined the general charge transfer reaction

ZT -1 )+ Zp-1
+ T( 1 ) {n "t m") P(lFz )+(ntm)

whereby a fully stripped projectile (P) with charge Zp inci-
dent at velocity, v , captures an electron bound to an hydro-
genic target (T) of charge Zp from an initial n"t"m* to a
final ntm state.

Particular attention is paid to a discussion of:
1. the distnitution o/ excitations, with respect to all
quantum numbers, and
2. the Aym.me.tny and seating pnopenties of the diverse
Cross sections.
Since the physical processes described by the 1s™ and 2nc*
Born approximation are inherently of different nature (single
scattering versus double scattering) and in view of the domi-
nance of the 2n Born term (velocity dependence 1/v”) over
the 1S Born term (velocity dependence 1/ +2/W0 Jarge
velocities, we present results In the regions where these
differences are more stricking. In particular, 1In cases where
the initial state iIs an excited state (i.e. n* > 1), the
features of the distribution functions show dissimilar behaviour
in the two approximations. Whereas the excitation is predominan-
tly to the 1s final state in the first Born approximation, the
2rc* Born approximation favours those final states with maximal
overlap with the initial state.
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The asymptotics of these cross sections is reviewed and pre-
vious work (1) is extended. The speed of convergence with
which these cross sections reach their asymprotic form 1is
also discussed.
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THE Isa VACANCY PRODUCTION IN SUPEPHEAVY QUASIMOLECULES
WITHIN THE COHERENT COULOMB TONIZATION MODEL

A.BERINDE, DANIELA FLUERASU AND V,6ZORAN

Institute for Physics and Nuclear Engineering, Bucharest MG-6,
ROMANITA

During the last years, the description of the vacancy for-
mation iIn the innermost molecular orbitals(MO) formed iIn very
heavy 1on collisions evolved from the Tfirst order time-depen-
dent perturbation theory [1] to the full coupled - channel ap-
proach [2], including (approximatively) also the electron
screening [3]- Simple analytical approximations have been de-
rived too [4,5], which together with the empirical scaling of
Armbruster et al [6], pave the way towards a spectroscopy of
superheavy systems. Qualitative arguments in the favour of
this scaling law have also been given [7] within an alterna-
tive approach starting from the adiabatic MO theory of Briggs

In this contribution we apply the Coherent Coulomb Iloniza-
tion (CCI) model [9], in fact an extension of the Briggs-semi-
classical approximation (SCA) picture [10,11], to calculate
the Isa MO i1onization cross sections for collisional systems
with combined nuclear charge Z”a = Z™+Z2 K 136. We used the ob-
servation that the main result,Eq.(12),0f [5] can be repro-
duced when the phase factor In the ionization amplitude at a
given Impact parameter b 1s approximated by that corresponding
to a straight-line (SL) trajectory R(b,0,vIit)and to a momentum
transfer = EisO(Ro)/hv", with Eisa(RO) the electron binding
energy [12] and v’=v(1-2a/Rnj/zthe projectile velocity at the
turning point RO= a +/a2+b2 of the trajectory, a being the
half-distance of closest approach In a head-on collision.Fur-
thermore, the iImpact parameter dependence and especially the
integrated cross sections are not much altered when the quasi-
molecular wavefunction is mimiked by an atomic Is wavefunction
centred In the centre of charge, having an effective nuclear
charge which corresponds,via the binding energy tables of
Fricke and Soff [13], to Eisa(R0). Accordingly, we used the
cross section formula [9]:

alsa(Zl*z2*v)= {/ ai<<qd>/al)/al + /a2(<q;>/a2)/a2 }2 (@)

where oa“z2/(Z1+zZ2), az=l-c»1, a™(i=1,2) 1s the SL-SCA cross
section for i1onizing the quasimolecule by the collision part-
ner ZL at its turning-point-velocity a“v" relative to the cen-
tre of charge, and <gO0> the momentum transfer corresponding to
the mean iImpact parameter <b> as defined in [5]. For all but
the heaviest systems the product <b><qO0> is very close to uni-
ty. The enormous (104 f 10®) relativistic enhancement of a*
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has been evaluated by means of the Anholt procedure [14].
Our results are compared to the available experimental data

in Fig.l. Given the above mentioned approximations, the agree-
ment 1is surprisingly good.
It does not necessarily
rule cut some additional con-
tributions to the cross sec-
tion,e.g. from multistep
processes [21 »since the re-
lativistic enhancement is
slightly overestimated in
our calculations. On the
other hand,the scaling in
terms of Zua predicted by
the monopole approximation
MAL 1,12,16] i1s, to a
large extent, retrieved iIn
our approach too. Moreover,
the contribution to the 1i0-
nization cross section com-
ing from the recoiling tar-
get practically coincides
with that of the projectile,
an equivalence which is em-
bedded ab initio in MA.
Indeed, the two terms of
Eq-(1) differ in magnitude
by less than 10$ even for

Fig.l1.The theoretical 1s0 vacancy the most asymmetric cases

production cross sections versus shown i1n Fig.l. This comes

ZUA ,compared to the experiment. mainly from the compensa-
Full line: present calculations tion, for the heavy partner,
for Xe(l),Pb(2) and U(3)as pro- of 1ts reduced velocity re-
jectiles ; dashed line: Eq.(17) lative to the centre of

of Ref.[5]; dash-dotted line : charge by the higher den-
first order perturbation theory sity of electrons with lar-
in the monopole approximation ge momenta in the iInteract-
[1] . Data [15]: = .Xe ;4 ,Pb ;v,U. ion region as a result of

the i1mportant relativistic
shrinkage of the wavefunction. The result represents a natural
extension of a similar CCI model prediction for lighter systems
[9], thus being more a property of the relativistic Is type of
wavefunctions by which we simulate the quasimolecule rather
than the consequence of the use, In the present work, of MA
binding energies [12] and considering only s-continuum states
available to ionization.

Last but not least, we emphasize that in the CCI model the
electron wavefunction is centred in the centre of charge ra-
ther than in the middle of the iInternuclear distance [1], and
thus the 1onization is described relative to an (almost) 1iner-
tial reference frame. Although the effects of the latter
choice in principle show up only at small Impact parameters
and are expected to be small, no quantitative estimate of them
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in asymmetric very heavy i1on collisions exists at present.

One of the authors (VzZ) acknowledges useful discussions with
Berndt Muller and Paul Mokler, as well as the encouragement of
William Singer.
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RADIATIVE DEEXCITATION OF MULTIPLE-VACANCY CONFIGURATION

E, ARNDT, G, BRUNNER AND E, HARTMANN

Central Institute for Isotope and Radiation Research ,
Leipzig, German Democratic Republic

A statistical scaling within the frozen-core model has been
successfully applied iIn discussing the influence of multiple
vacancies on the radiative deexcitation /1/. However, such a
confined treatment can even result iIn misleading conclusions
if emphasis is laid on the effects of d-subshell vacancies,
since d electrons only weakly contribute to radiative deexci-
tation, and the atomic reorganisation caused by their removal
is of major importance.

In order to include the general case iInto consideration we
have written a computer code for explicitly calculating
radiative-transition rates for the excited atomic state: The
transition matrix element in the Scofield prescription was
integrated using Dirac-?ock wave functions. In our treatment
all multipole orders of the radiation field, the retardation
and the finite nuclear size effects were accounted for. Since
the aim of this paper iIs a systematic study of the relative
X-ray intensities in dependence on the vacancy configuration
separate calculations for the initial and final states have
not been carried out so far.

jexperiment /3/

X theory
/this work/

In atoms of 3d elements 3d vacancies have a significant
influence on the Kp/K* intensity ratio. The reorganisation
caused by the removal of the 3d electrons overcompensates the
small primary effect of a deficiency of the weak KRstransition
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and iIn contrast to the tendency, which 1is predicted by a
statistical scaling, the K/3/K« ratio is increased. The KR/KXx
ratio after photoionisation is larger (by about 10 percent
for titanium) than that after K-hole creation by EC /2,3/,
Thus, one can attribute a higher degree of outer-shell 1ioni-
sation to the photoionisation as compared with excitation

by EC, This 1is proved by reproducing the remarkable deviations
of the KR/Kx ratio after photoionisation from that after EC
excitation by assuming two 3d vacancies for the Pl excitation
mode (see fig,1l). This result is iIn conformity with the idea
that shake processes are not essentially involved in EC exci-
tation* The change i1n the nuclear charge i1n the capture pro-
cess compensates the hole created in the iInner shell and the
atomic central charge remains nearly unaffected iIn this exci-
tation mode,

The prominent role of an atomic reorganisation, caused, by the

d vacancies, 1is also i1llustrated by the dependence of the
X-ray intensities on outer-shell i1onisation (e.g. total radia-
tive K transition rate 7} and KB/R& ratio in fig,2), Especially
highly stripped atoms with partly filled d subshells show
appreciable discrepancies between statistical scaling and the
more extended approach. Such investigations are of relevance
to plasma diagnostics.
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ON THE ELECTRON REARRANGEMENT AFTER [INNER-SHELL TONTZATION

E. HARTMANN, E, ARNDT AND G. BRUNNER

Central Institute for Isotope and Radiation Research,
Leipaig, German Democratic Republic

Under properly chosen velocities of heavy charged projectiles
the K-1onizing collisions may efficiently produce additional
vacancies in other core shells or in the valence states /1/.
A nonradiative electron rearrangement occurs prior to x-ray
emission, therefore the x-ray spectra d© not give pure infor-
mation on the initial vacancy distribution. In view of the
similarity of the chemical effects, notwithstanding the rather
different excitation conditions, and of the simultaneous oc-
curence /2/ of a regularity in F K<hypersatellite spectra and
the strong chemical effects i1In the F K*satellite spectra the
electron rearrangement is most likely to account for the en-
vironmental influence on K*satellite spectre.

The i1nteratomic relaxation via covalent bonds is the only
rearrangement process which can occur iIn second-row atoms.
This explains the distinct correlation between covalency and
chemical effects in F compounds /3/. In third-row atoms

LMM Auger processes transform the KL*vacancy configurations
into lower ones (Kb''"1) and therefore shift the emission
strength to the lower-order satellites. A d-type valence
charge, compensating the charge of inner vacancies, effi-
ciently enhances the LMM processes, but is not experienced by
the x-ray energies. Therefore the contradictions between
X-ray energies and emission strength do not necessarily fur-
nish evidence for iInteratomic electron transitions /4/.
Further, by explicitly simulating the iInteratomic relaxation
in crystalline Si and Si10x we hope to find a less artificial
explanation for the different behaviour of the KN/K* ratio iIn
these systems /5/.
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A RESEARCH PROGRAM FOR [ION-ATOM COLLISIONS AT HIGH ENERGY

D, BERENYI

Institute of Nuclear Research of the Hungarian Academy of
Sciences, Debrecen

In the last decade the collision processes and highly i1on-
i1zed states, iIn which the projectile was heavy i1on of high
energy (cca E>100 keV/amu), have been more and more intensively
investigated.

The study of electrons from such processes seems to be
especially interesting because of some advantages as e.g.
direct information on the collision process by ejected elec-
trons of continuum spectrum or the different selection rules
for Auger transitions as for X-rays [1].

A project has been worked out and a special electron spec-
trometer for measuring the energy spectrum at thirteen dif-
ferent angles at the same time [2,3] has been constructed for
the study of electrons from heavy i1on-atom collisions by using
the beam of the heavy i1on cyclotrons of the Dubna Institute.

In the frame of the program the form and cross sections for
the continuous spectrum and Auger lines at various emission angles
of the electrons for different projectiles as a function of
the bombarding energy and charge state is planned to be inves-
tigated. First of all the studies will be carried out as fol-
lows .

By the study of both the continuous and the Auger spectra
the Z2 rule can be checked, the role and importance of the
nuclear and ion charge from this point of view can be clari-
fied. E.g. 1T Ne target is bombarded by nitrogen and oxygen
ions of different charges, taking iInto consideration the nu-
clear or the 1on charges, different ratios will be predicted
for the cross sections by the Z2 rule.

Jo(04+ - Ne) -1.31: Ig(OT* - Ne) -0.33
U(N7+ - Ne) nuclear \a(N7+ - Ne), ionic
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Fig. 1. Ratio of Auger production cross sections. The continuous
curves indicate the calculated values according to the Z2 rule with the
nuclear and i1onic charges. The energy of the oxygen projectiles is
1.5 MeV/anu and that of the nitrogen 1.5 and 1.35, respectively. Experi-
mental points are taken from ref. [4].

In Fig. 1 the cross section ratio is plotted as a function
of the charged state of the oxygen projectile on the basis of
the experimental data from ref. [4].

The features of the electron loss peak, that of the super-
satellites and the continuous spectrum in the region above,the
binary encounter peak as well as the capture ionization mecha-
nism will be also i1nvestigated.
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A NEW ELECTROSTATIC ANALYZER FOR ENERGY AND ANGULAR
DISTRIBUTION OF ELECTRONS

D, VARGA, J. VEGH, A, KOVER, S, RICZ, AND A, DOMONYI

Institute of Nuclear Research, Debrecen, Hungary

On the basis of earlier experiences [1] a new electrostatic
electron spectrometer ESA-21 has been constructed for iInves-
tigation of energy and angular distribution of electrons
ejected from ion-atom collision. The energy range of the spec-
trometer extends from 20 eV to 14 keV. The resolution can be
adjusted In the range of"It5x10-3. The energy spectra of ejected
electrons can be measured at 13 angles from
0 to 180", at each 15°, simultaneously. Camltos

The electron spectrometer is a special
combination of a spherical and a cylin-
drical mirror. The cylindrical mirror is
the energy analyzer, it is a double pass,
second order focusing, ring to ring type,
where n*3.1 and 00=44.5°. The spherical
mirror transports the electrons, from the
collision point to the entrance of the
cylindrical mirror analyser. The ener-
getically analyzed electrons detected
simultaneously by 13 channeltrons, placed
at different angles are counted by the
data acquisition system [2]. The cross
section of the spectrometer can be seen
in Fig. 1

The construction of the spectrometer
and vacuum chamber enables one to join
other detectors 1In order to carry out
coincidence measurements (e.g. coin-

cidence with X-ray, charged particles Fig. 1. The cross
etc. ). section of the electron
Recently, the performance of the spectrometer.

spectrometer iIs being tested.
The remanent earth magnetic Tfield
inside the spectrometer, which 1is
covered by two mu-metal cylinders, Is less than 1 nG.
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The vacuum chamber made of stainless steel 1Is evacuated by
diffusion pump (pumping speed 2000 1/s). The best vacuum 1in
the chamber without gas target is less than 105 Pa.

Fig. 2. Spectra of electrons from a cylindrical gun measured by
ESA-21. (Without and with preretardation)

The resolution of the spectrometer i1s tested by the help
of a cylindrical electron gun. Two spectra are shown in
Fig. 2.
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DATA ACQUISITION AND CONTROL SYSTEM OF AN ELECTROSTATIC
ELECTRON SPECTROMETER FOR ENERGY AND ANGULAR DISTRIBUTION
MEASUREMENTS

I. KADAR/ B, SULIK/ I. CSERNY/ T, LAKATOS/ J, VEGH

Institute of Nuclear Research, Debrecen, Hungary

The electronic system described iIn this contribution is
destined to ensure the operating conditions of an electro-
static spectrometer [1] designed to measure the energy and
angular distribution of electrons emitted from ion - atom
collisions. The target of the accelerator beam iIs a gas or
vapour beam. The block scheme of the whole system is shown
on Fig. 1.

The electronic units may be divided into three different
functional groups:

a. units for controlling and protecting the functioning of
the vacuum system and gas target,

b. those providing informations on the position and intensity
of the accelerator beam,

c. and the units necessary for controlling the measurement.

The vacuum system consists of the main vacuum chamber, gas
handling system, two diffusion and three rotation pumps.
Information on the pressure in different parts of the system
iIs supplied by three i1onisation and six Pirani gauges. Valves
and pumps are controlled via two identical control panels, one
of them being located in the measurement control room, the
other in the target roon. In both of them a control and status
register stores the information on the actual state of the
system.

The functioning of the vacuum system iIs supervised by a
safety circuit. The task of the safety circuit is to ensure
the safe functioning of the spectrometer and vacuum system.
Commands given via any of the vacuum control panels are
fulfilled only when they are enabled by the safety circuit.
High voltage supplies of the energy analyzer and detectors
are switched off when the pressure iIn the chamber exceeds

42



TARGET BOOM

Electrostatic
electron
energy
analyzer
Si (L)
Four Col limator Four vacuum control Vacuum
eegnent . sentient
beam F L been Vacuum 32?t33fety panel
sensor sensor system [ 1 1.
and Pirani and ?
gas target jopjzation vacuum
vacuum multiplexer
meters 1
display
Target
control
Beam Target
position current
display meter

Fig. 1. Block scheme

M X E W KI» CONTROL HOCW

of the electronic

» EASUHOCW crWTHDL ROCM

Vacuun
control
panel

I

A Vacuun
display

Target
control

current
meter

Bean
position
display

system



1.3*10-2 Pa. Information on the pressure iIn the chamber is
supplied for the safety circuit by Its own measuring gauges.

Position of the accelerator beam is detected by two four
segment beam sensor arrangements and the position as well as
target current 1is displayed iIn the accelerator control room
and In the measurement control room.

Measurement is controlled by a TPA 1140 small computer via
a CAMAC crate. Two programmable precision power supplies: one
fast 3 kV unit and a slow floating 8 kV supply determine the
voltage on the electrodes of the energy analyzer. The precision
power supplies are driven by two 14 bit digital - analogue
converters. The information from the CAMAC units iIs sent to
the converters via a measurement control unit, which itself
can drive the measurement iIn case of computer break-down (in
this latter case only one detector is working). Thirteen
channel electron multipliers, mounted at different emission
angles (0°-180°) detect the electrons. The charge pulses given
by the detectors are amplified by charge sensitive preampli-
fiers and shaped by low threshold integral discriminators.
These pulses as well as pulses from a Si(Li) detector detecting
the X-rays emitted by the process are sent to a mixer and
coincidence unit, making possible different single and
coincidence measurements.

Recently the performance of th.e system iIs being tested.

Reference

[1] D. varga, J. Végh, A. Kovér, S. Ricz and A. Domonyi
ATOMKI Kozlemények 23 (1981) 40.



Az ATOMKI Kozlemények negyedévenként jelenik meg.
Terjeszti az ATOMKI Konyvtara (Debrecen, Postafidk 51, 4001).
Tudomanyos iIntézetek és konyvtarak kiadvanyaikért cserébe
vagy ellenszolgaltatas nélkul is megrendelhetik. Kérésre

egy-egy szamot vagy kuldnlenyomatot maganszemélyek is ingyen
kaphatnak.

Szerkesztd Bizottsag: Szalay Sandor elndk, Lovas Rezs6
titkar, Berényi Dénes, Cseh Jbézsef, Csikai Gyula, Gyarmati
Borbala és Medveczky Laszlé.

Kiadja a
Magyar Tudomanyos Akadémia
Atommagkutato Intézete

A kiadasért és szerkesztésért felelfs
dr._Berényi Dénes, az intézet igazgatdja

Készult az ATOMKI nyomdajaban
TOrzsszam: 11325

Debrecen, 1981/januar
Példanyszam:5"40






COAEPXAHUE

COOBLLEHUS

TOM23 | Ne1



CONTENTS

BULLETIN

Volume 23/ Number 1



2 3. kétet / 2. szam

MTA
ATOMMAGKUTATO INTEZETE, DEBRECEN / 1981



KOZLEMENYEK

2 3.kotet /2. szam

539
HU

ISSN 0004-7155

TARTALOMJEGYZEK

TUDOMANYOS KOZLEMENYEK

Raioa P., Pdazti F., Bdroczy S. és Nagy S.:
A 5eNi(n,2n), 58Ni(n,p), s8Ni(n,d) és az 89Y(n,2n)
reakcidk hataskeresztmetszetének mérése 14 MeV korul

B6dy 2. T.: (n,2n) reakcidk gerjesztési fuggvényének
leirasa a Griffin-féle exciton modellel a kvazi-
egyensulyi hataresetben

Sailer K., V. K. Tartakorszkig: Nukleonkitutéssel jaré
diffrakcidés protonszdras atommagokon

Szegedi S., Pdzait A. és Ca. Buezk6 M. : Asvanyolaj
mintak Cl és S tartalmanak meghatarozasa neutron-
aktivéacios és rontgenfluoreszcencia modszerrel

T. Mukoyata: Atommaggerjesztés pozitron-szétsugar-
z4s altal

Almdai Gy., Somogyi Gy.: Hatétavolsag és REL adatok
kénnyld és nehéz ionokra CR-39, CN-85 és PC nuk-
learis nyomdetektorokban

Gdapdr A.j Lakatos T., Sulik B. és Torok 1.: Az

ATOMKI részvétele a G-2 nagypontossagu gamma-
spektrometriai nemzetkdzi Osszehasonlitd mérésben

MUHELYUNKBOL, LABORATORIUMUNKBOL

Bohdtka S., Kisa L.: Lyukkeresés kvadrupél tomeg-
spektrométerrel

INTEZETI HIREK

45

59

69

81

89

99

113

127

127

131



ATOMKI Kozlemények 23 (1981) 45-57

TUDONANYOS KOZLENENYEK
MEASUREMENT OF THE CROSS SECTIONS FOR THE

58Ni(n,2n), 58Ni(n,p), 58Ni(nfl) AND 89v(n,2n)

REACTIONS ARQUND 14 Mev*

P. RAICS/ F, PASZTI*, S. DAROCZY, S. NAGY

Institute of Experimental Physics, Kossuth L. University,
Debrecen, Hungary
**Present address: Central Research Institute for Physics,
Budapest, Hungary

Cross sections of the 58Ni(n,2n), 58Ni(n,p), 58Ni(n,d) and
89Y(n,2n) reactions relative to the 27Al(n,a) excitation Ffunc-
tion have been determined by the activation technique for neu-
tron energies from 13.52 to 14.80 MeV. Statistical model cal-
culations were also performed and compared with the experimen-
tal results. For the 58Ni(n,p)58A,+9Co reaction our Ccross sec-
tion values are Ilower than data from recent compilations.

A 58Ni(n,2n), 58Ni(n,p), 58Ni(n,d) ES AZ 89Y(n,2n) REAKCIOK
HATASKERESZTMETSZETENEK MERESE 14 MeV KORUL. Aktivacios moéd-
szerrel mértiuk a 58Ni(n,2n), 58Ni(n,p), S8Ni(n,d) és az
89Y(n,2n) magreakcidk hataskeresztmetszetét az 27AI(n,ct) folya-
mat gerjesztési flggvényére vonatkoztatva a 13,52-14,80 MeV
neutron energia tartomanyban. Statisztikus modell szamitasokat
végeztink a gerjesztési fluggvényekre és az eredményeket Ossze-
hasonlitottuk a kisérleti adatokkal. A 58Ni(n,p)58m 9Co folya-
matra kapott mérési eredményeink alacsonyabbak mint az UGjabb
adatgyljteményekben javasolt értékek.

W3MEPEHWE CEYEHWW PEAHUWA 58Ni(n,2n), 58Ni(n,p), 58Ni(n,d)
N 89Y(n,2n) MNPU SHEPTMW HEWTPOHOB 14 M3B. AKTUBALMWOHHLHIM METO-
OOM M3MepeHb ceuyeHua peaHuumin 58Ni(n,2n), 58Ni(n,p), 58Ni(n,d)
n 89Y(n,2n) OTHOCUTENbHO QYyHKUUM BO36yxpaeHua peaHuun 27A1(n,a)
B MHTepBasne 3Hepruin HenTpoHoB 13.52-14.00 MaB. TpoBegeHb pac-
yeThl Ha OCHOBe CcTaTUCTMYEeCKOWn moagenu, W pe3ynbTaTh pacyeToB
CpaBHMBAKWTCA C 3KCNepuUMeHTalbHbIMW AaHHbIMU. [lONly4YeHHble Hamu
3KCnepuMeHTanbHble cedeHusa no peakuumm 58Ni(n,p)88m+9co wumewT
MeHbllee 3HayeHWe 4YemM [aHHble HOBelWWX KOMNUMAALWNIA .

*Dedicated to Professor J. CSIKAI on the occasion of his fiftieth
birthday.
MAGYAR

)}POMANYOS AfGADCMIS
NYyJA



1. Introduction

The nuclear data of the 14 MeV neutron induced reactions on
structural materials of reactors are of technological as well
as of theoretical iInterest. Energy spectra of the emitted neu-
trons are measured by the time-of-flight technique iIn many
laboratories, e.g. iIn the Fiziko-Energeticheskij Institut
(FE1) i1n Obninsk (USSR). The activation method can help iIn
some cases In the more accurate absolutisation of the (n,2n)
cross sections. This 1s the basis for a cooperation between
FElI and our institute, e.g. making parallel measurements for
NI and Y. Reactions with the emission of charged particles are
also important for the gas-production in materials under neu-
tron bombardment.

The aim of the present experiment was to measure Cross sec-
tions of the reactions on nickel and yttrium. Although there
are many measured (and compilated) data for the (h,2n) reac-
tions on 58N1 and 89Y and for the 58Ni(n,p) around 14 MeV, the
disagreement of the results needs their check. It seemed worth-
while to carry out the measurements iIn a wider neutron energy
range, 1.e. from 13.5 to 14.8 MeV to reduce the uncertainties.

A simple version of the statistical model, i1.e. the con-
tinuum description of the nuclear reactions was applied to
calculate the excitation functions of the processes investi-
gated experimentally.

2. Experimental

Samples of metal Ni and Y of natural abundance with diame-
ter of 19 mm and thicknesses of 0.2 and 0.5 mm, respectively,
were activated. The yttrium discs have been fabricated in FEL.
Both of the materials were of chemical grade, theilr y-spectra
did not show any other constituents after the irradiation.

The 14 MeV neutron irradiation was performed by a 175 kV
accelerator via the T(d,n) reaction, using magnetically ana-
lysed deuteron beam. Thick TiIT target with Mo backing was
mounted on the end of a thin Al tube to reduce the effect of
the scattered neutrons and cooled by pressed air. The target
holder was wobbling during the 10 hour irradiation. The energy
of the bombarding neutrons was varied through i1ts angle de-
pendence. Sandwiches from the samples above and Al foils were
situated at 0°, 60°, 90°, 120° and 150° on an aluminium ring
with a radius of 65 mm. The mean value and dispersion (in 68 %
sense) of the neutron energy were calculated from the neutron
spectrum based on the reaction kinematics taking into account
the deuteron stopping in the TiT layer [1], the excitation
function of the T-D reaction [2] and the source-to-sample ge-
ometry.

The variation of the neutron flux iIn time was monitored by
a fission chamber and was taken Into account In the activity
calculations.

Since the reactions to be investigated may have Q-values
different from that of the monitor, we performed experiments
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on the effect of the scattered neutrons using the following
reactions: 115In(n,n")n 5mIn, 27Al(n,p)27Mg and 27Al(n,a)2”Na.
The corresponding Q-values are: -0.336 MeV, -1.828 MeV and
-3.132 MeV (for the last two cases an "effective threshold”

of about 3 and 5 MeV, respectively, may be accepted). A water
cooled, heavy, stainless steel target assembly as well as the
light Al holder, mentioned above, were compared. Low energy
neutrons were observed by the help of the differences iIn the
fluxes measured by these reactions. Such measurements for the
Al target holder did not show differences over the error limits
which i1ndicated the effect of the scattered neutrons to be
negligible. Since the cross sections of the 27AI(nh,a) process
determined by Vonach et al. [3] have the highest reliability,
the neutron flux densities have been finally calculated from
the 27A1(n,a) measurements, only. However, it iIs to be mention-
ed, that the reactions 63Cu(n,2n) and 65Cu(n,2n) of Q-values
-10.851 and -9.906 MeV, respectively, would be well applicable
to detect high energy neutrons. We got results strongly contra-
dicting to the fluxes measured by the three reactions mentioned
above [4]. It is perhaps due to the discrepancies in the ex-
citation functions of the copper reactions around 14 MeV or

our counting technique.

A 4ir3-counter of flow-type was used to measure the activity
of the 0.04 mm thick A1 monitor foils. The selfabsorption and
the efficiency have been determined experimentally. A Ge(Li)
y-spectrometer based on a Multi-20 minicomputer measured sever-
al y-spectra of the irradiated Ni and Y samples. Its absolute
Tfull energy peak efficiency for extended samples has been cali-
brated by standard as well as 226Ra sources [5]- The following
corrections were applied: dead time, controlled by the ana-
lyser; random pile-up, measured with a puiser; cascade coin-
cidence losses [6], based on the measured total efficiency of
the detector and decay schemes (taken from the Nuclear Data
Sheets); selfabsorption, calculated with data from [7]. The
consistency of the activity determinations for the Al foils
performed by the 4nf3-counter and the y-spectrometer was checked
experimentally. A systematic difference of 1.7 % has been found
and taken iInto account. Thus our measured cross sections are
directly normalysed to the 27AI(n,a) reaction.

Evaluation of the y-spectra as well as the least-squares
decay curve analyses were carried out with a minicomputer.

3. Calculations with the statistical model

The reproduction of the excitation functions of the neutron
induced reactions was tried with the continuum statistical
model in which the decays to discrete final states are not
considered. Successive emission of maximum two particles has
been taken iInto account for all the competing processes.
Liskin’s generalization [8] of the formulae derived by Blatt
and Weisskopf [9] was used. The deexcitation from the con-
tinuum states by y-rays was also considered. Preequilibrium
or direct contributions were neglected.
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The cross section for a two-step process is

vV * r (e) rX
aa, Xy _/aa.X(E)X r—\’b rM ««e a4, Yz vyl

where E iIs the energy of the first outgoing particle, Eb is
the bombarding energy, Q iIs the reaction energy, a] is the
formation cross section of the compound nucleus (CN) and T(E)
iIs the channel width calculated from the spectrum function as

E+a

FE) * / S(E’)XIE"
(0]

The general expression for the number of particles emitted
with energy between E* and E"+dE1l is given by

(2s+L)Xm a"nv(E")
S(E)XdE»- —————————= X = = X E*X p(E*-E" ) x dE*

n-u-bz an(e*Cn/\

with particle spin s and mass m. aenv(Ef) is the cross section
of the iInverse reaction. pCN and p are the level densities for
the CN and final nucleus, respectively. E* and E* denote the
excitation energies with the appropriate pair corrections.

The choice of the y-radiation width, Ty, Is not unambiguous
in the literature. The Blatt-Weisskopf expression [9] for the
most probable El-transitions highly overestimates the experi-
mental values, therefore measured data are frequently used. An
other solution is to normalize that expression with an arbi-
trary constant to get realistic widths. The excitation energy
dependence as well as the order of magnitude of the value of
the widths given by the original formula [9] seemed reasonable
iT one takes the E2-M1 transitions only. We tried this expres-
sion, physically this choice is as arbitrary as other solutions
mentioned In the literature:

0.06308 p(E*-E )
— — VY | * -
S, E, WE, = —= X ey E X B, X (L+1.83*10-6"R""E)

where R:1-5*10—13*A]/ cn. The best results were achieved with
DO-2 MeV for the mass number region A=50-90.

Level density expressions proposed by Gilbert and Cameron
[10] have been used together with their shell and pair cor-
rections modified by Cook [11]. Cross-sections for the forma-
tion of the CN and the inverse processes given by Dostrovsky
et al. [12] were accepted. A decrease of about 15 % In their
"k parameters for charged particles was necessary to get bet-
ter agreement with the measured excitation functions. The Q-
values were calculated on the basis of Kravtzov’s tables [13].
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4. Results and discussions

Nuclear data used for the calculations [35,36] are summa-
rized in Table 1. Where i1t was possible, two y-lines were used
for the activity determinations and the weighted average of
their results was then accepted.

Table 1. Nuclear data used for calculations

] Isotope Ty Y P (%Y)
Reaction abun- ] keV
dance [36] [36]
FINi(n,2n)2MNi  0.6776 36.0 h 127.28  0.161 (D

511.00 0.930
1377.62 0.802

5Ni(n,p)58"Co 71.3 d 511.00 0.292
810.79  0.995 1
581C0o 9.1 h 863.84  0.00694 8
53\i(n,d) 57Co 271.0 d 122.046 0.853 (@
(n,np) 136.460 0.107 ®
(n,pn)
83Y(n,2n)88Y 1.00 106.6 d 898.02 0.9 (@

1836.13 0.9 ()
Y-rays""with energy underlined have been used for the activity deter-

mination. "=
»

Our measured cross sections (in 103l m2 or mbarn) are
listed in Table 2 where the last column contains data for the
monitor reaction [3]. The quoted standard deviations (in the
68 % sense) of the cross sections represent the following
components: efficiency of the Ge(Li)-detector (1.5-2.0 %);
statistics of the measurements and the evaluation of the decay
curves (0.5-1.5 %); uncertainties iIn the corrections for the
cascade coincidence losses (0-1.5 %); monitor reaction Cross
section (0.5 %) and the effect of the finite energy width on
its excitation function (0.6-2.7 %); errors of the branching
intensities (1-2 %). The final uncertainties from a quadrative
addition thus include the expected systematical errors too and
range from 3 to 4.4 %. Table 3. summarizes the results of our
experiments for the i1somer-to-ground ratio of the 58Ni(n,p)
reaction. The graphical representation of our measurements and
calculations compared to the literature data is given iIn Fig.
1-4.

It seemed worth-while to fit the results by a straight line
or parabola (of second order) for interpolation or recommen-
dation. The fit was performed by the least-squares method. Data
in most cases have been weighted with the square of the inverse
of their quoted error. Coefficients of these functions, chi-
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Table 2. Measured activation cross sections, 10-33 w2

ANi(n,2n) SNi(h,p) SNi(h,d) 89¥Y(n,2n) Z7/Al(n,a)

E s Mev
m+g +(n,np+pn) 31
13 5245}  12.010.5  385H1 507118 . 125.3
13.75+0.10 16.310.6 366114 544il9 756127 123.5
14.1240.08 22.710.7  326il0 56620 832+ 120.4
14.45/0.12 29.611.0 300i 9 611+22 930+34 116.5
148055 35-3H-4 268110 630127 975143 110.3

squares normalized to the number of freedom, Nf, and the
standard deviation (6) from the fitted curves are listed iIn
Table 4.

4.1. 5Ni(n,2n)57Ni, Q=-12.203 MeV

The most appropriate activity determination can be carried
out with the 1377 keV y-line after the decay of 57Ni. The
127 keV radiation gives results iIn agreement with previous one
but with lower statistics. These two lines decay iIn cascade,
therefore a correction of 14 % should be applied. Complex decay
curves must be analysed for the 511 keV annihilation peak with
interference from 58Ni(n,p) as well as for the 122 and 136 keV
lines with mother-daughter relationship to 57Co from 58Ni(n,d),

fig. 1. Excitation function of the 5Ni(h,2n) reaction fron 13 to
15 MeV. Compilations and evaluations are taken fron refs. 15-18, for
Hudson’s data see ref. 14.
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therefore their results have higher uncertainties. Weighted
average of the activities of the first two lines was accepted.
Our measured cross sections are depicted iIn Fig. 1. Recent
measurements by Hudson et al. [14] were normalized to the
nuclear data and to the monitor cross sections used by us, and
they are shown for comparison. Results of earlier experiments
have been compilated by Lapenas [15], Adamski et al. [16] and
in the ENDF/B-V [17] and they also may be seen in this figure.
Values in version 4 of the ENDF/B [21] seem to be the same as
in the version 5. Our results are similar to all these, except
for a faster drop in the lower neutron energies. However, if
there would be any effect from the scattered neutrons, it can
increase our data at 13.52 and 13.75 MeV by some percents.
More recent data of Ngoc et al. [37] (nhot shown in the figure)
are iIn good agreement with our measurements iIn this energy
region. Excitation function calculated by us overestimates the
experimental curve. Evaluation and calculation of Bychkov

et al. [18] show a better agreement up to 14.5 MeV.

4.2. 5eNi(n,p)58m+&Co, 0=0.395 MeV

Decay curve? of mother-daughter type have been analysed for
the S10 keV y-line for which a coincidence correction of 3.4 %
was applied. Neither the 863 keV line nor the annihilation peak
were used for the activity calculations. The former has low

Fig. 2. Results for the 53\i(n,p) reaction, a) (Mg) Cross sections.
Literature data: refs. 23, 14, 15, 21, 17 and 2. b) Data for the Ouw/ag
ratio measured by us and Hudson et al. [14].
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intensity, while the latter contains the interference of the
5BNi(n,2n) reaction, and the analysis of i1ts decay curve gives
uncertain results.

Our measured crm+.g values (referred as "new') are drawn 1in
Fig. 2a. Four compilations are also shown in the figure ex-
pressing the wide spread of the experimental data clearly.
Haight [19] and Stewart and Arthur.[20] also mentioned this
problem iIn their reviews. According to Zolotarev et al. [21]
data file UKNDL recommends smaller values than ENDF/B-1V [27].
Results of Hudson et al. [14] confirm ENDF/B-1V, while the re-
cent results of Ngoc et al. [37] (hot shown in the figure) are
smaller by 5-6 % than the data of this file. Our data re-
presents an even lower trend, supporting the cross sections
of Paulsen and Widera [23] in the 13.5-14.8 MeV region. Since
they have determined the neutron fluence by a recoil proton
telescope counter, this excellent agreement can not be neg-
lected when making recommendation for the excitation function.

The i1somer-to-ground ratios for this reaction have been
determined by us iIn three experiments. Table 3. lists the
results as "new", "old 1" and "old 2'". "New" refers to the ex-
perimental arrangement discussed iIn paragraph 2. A water cooled,

Table 3. Measured isomer ratios for the 5Ni(n,p)

reaction>
Experiment En” MeV qn/ég
+ 0.13

new 13.52 o1l 1.01 +0.14
new 13.75 £ 0.10 1.12 £0.17
new 14.12 £ 0.08 1.24 £ 0.12
old 1 14.22 £ 0.21 1.06 £ 0.4
new 14.45 £ 0.12 0.9 £0.11
old 1 14.52 £ 0.13 1.24 £ 0.09

1.25 £ 0.07
old 2 14.65 ¥ 0.21 1.23 £ 0.03
old 1 14.78 £ 0.20 0.9 £ 0.09
new 14.80 7016 10 o011

stainless steel target assembly (mentioned earlier,

used iIn irradiations

"old 1" and

"old 2".

too) was
In the i1rradiation

"old 1" three measurements (plus a control one) have been car-
ried out at different angles to the deuteron beam at a distance
of 5 cm from the TiT target. The sample was close (0.5 cm) to
the target at 0° in experiment "old 2", The "old" type data
show the same fluctuations as the "new" ones which indicates
the effect of the statistics on the analysis of the complex

52



decay curves rather then that of the scattered neutrons. There-
fore all of them may be taken into account. A weighted average
of am/ag=1.17+0.03 1s given by our measurements while
0.94+0.05 1s shown by the three points calculated from the
data of Hudson et al. [14]. All these values have a weighted
average of 1.15+0.03 in the 13.3-15.2 MeV interval. These re-
sult should be seen from the point of view of the metastable
and ground level spins in 58Co being 5+ and 2+, respectively.
An interesting feature of the excitation curve of the om/0g is
clearly evident i1f one completes these points iIn Fig. 2b with
two others from Hudson’s experiment [14] at 16.0 and 17.1 MeV
giving 0.96 and 0.76 (10 %), respectively. A parabola fitted
by the weighted least-squares method with coefficients in
Table 4 shows a maximum at 15.0 MeV with am/ag=1.18.

The continuum statistical model can give results only for
the am+g cross sections. Our calculations strongly overes-
timate the excitation curve down to 15 MeV.

4.3. 58Ni(n,np+pn)57Co, Q=-8.177 MeV,
58N1(n,d)5Co, Q=-5.953 MeV

Activity measurements were performed with the 122 and
136 keV lines and their weighted average was accepted. Since
the final nucleus, 57Co originates from the above reactions as
well as through the 6+-decay of 57Ni, complex decay curve
analysis was carried out.

Recent data measured by Weigel et al. [24] and CGrimes et al.
[25] are plotted together with our ones iIn Fig. 3.

Fig. 3. Measured and calculated cross sections for the SS\i(n,d+np+pn)
reactions. Citations: refs. 24, 25 and 18.

The activation cross section iIn [24] has been normalized to the
58Ni1(n,p) reaction data from the literature. We renormalized

it to our measured value. Direct charged particle detection In
[25] gave 1000 mbarn for the (n,p)+(n,np)+(n,pn) reactions and
14 mbarn for (n,d). Substracting the (n,p) cross section meas-
ured by us, a value of 746 mbarn was calculated which is shown
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in Fig. 3. The agreement within the experimental errors may be
seen for these data.

Our calculations for the sum of the cross sections of these
reactions are acceptable above 14.5 MeV. Excitation function
evaluated by Bychkov et al. [18] gives a more appropriate shape
in this energy region.

4.4. 89Y(n,2n)8®Y, Q=-11.468 MeV

Both of the lines were used for the cross section measure-

ments. Cascade coincidence corrections of 15.5 and 13.8 % ought
to be applied. The cross sections based on the 898 MeV line are

systematically higher by 3.5 % than those calculated by the
help of the 1836 keV line. It i1s perhaps due to the uncer-
tainties In the relative efficiency of the spectrometer, coin-
cidence corrections and iIntensity data. Their weighted averages
are listed in Table 2.

The present results together with other recent measurements
are shown in Fig. 4. ITf it was possible, literature values have
been normalised to new nuclear data. Fréhaut and Mosinski [26]
and Veeser et al. [27] applied the neutron multiplicity method
using Gd-loaded scintillator. All the other experiments have
been carried out with the activation technique of different
types. The excitation function of all the authors agrees gen-
erally well within the quoted errors. Nethaway’s data [28] are
a bit higher, while Bormann’s values [29] fall slightly down
from the average. Our results are iIn good agreement with the
data of Ghorai et al. [30], Mannhart and Vonach [31] and
Bayhurst et al. [32]. A non-weighted least-squares fTitting was
performed to the data from which Abboud’s point [33] at
14.61 MeV has been omitted. This curve may be used as a recom-
mendation from 12.5 to 15.2 MeV. Our statistical model calcu-
lations resulted in a much lower excitation function than the
measured cross sections.

Fig- 4. Results for the excitation function of the 8 (n,2n) reaction.
Literature data are taken from refs. 33, 28, 26, 31, ¥, 20, 30 and Z7.
Nethaway’s results shown without errors were read from Fig. 4 of his

paper [28].
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5. Conclusions and remarks

Recent measurements and compilations for the 58Ni(n,2n) do
not deviate seriously but there are some uncertainties down to
14.0 MeV. The situation for the 50Ni(n,p) reaction iIs much
worse. The large spread In the data perhaps due to the effect
of the scattered neutrons If the monitor reaction is of high
threshold. Since the energy dependence of the am/0Og ratio 1Is
also an iInteresting question, new measurements are necessary
for neutron energies other than 14 MeV.

Table 4. Coefficients of the functions, f(En) fitted to our
experimental results

E.LF(E )-m. Jz"
F(E )*A +AJXE +AXE 6=/
(En: lab. neutron energy, MeV; mj measured values.
NF - number of freedom; chi-square)

Reaction fE> Ao A AD X2/NF 6
53\i(n,2n) 0 -236.44  18.375 - 0.17 0.37
Ni(n,p) Bneg 1621.73 -91.519 - 0.06 2.6
om/ag -1.54 0.187 - 2.12 0.14
# am/ag -23.07 3.234 -0.1078 2.23 0.13
seNi(n,d) a -803.0 97.30 - 0.19 9.0
+(n,prHp)
8Y(n,2n) a -2297.80 222.10 : 0.22 17

8 a -17446.2 2321.49 -72.679 3.66

*together with data of Hudson et al. [14]
§'together with results of the experiments listed in Fig .4.

There are only a few recent experiments for the (n,d) and
(n,np+pn) reactions on 58Ni. It would be interesting to deter-
mine their excitation functions from the thresholds. No seri-
ous problems seem to appear in the 89Y(n,2n) process from
13.7 to 15.2 MeV.

Our model calculations with the continuum statistical de-
scription of the nuclear reactions can give only a general
view about the competition of the different reaction channels.
Generally, the shapes of the calculated excitation functions
are similar to the measured ones but the absolute values
strongly deviate. The excitation functions are often shifted
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to higher bombarding energies which claims for the considera-
tion of the discrete levels in the final nucleus. The role of
the y-deexcitation as a concurrence near the threshold of the
particle emitting reactions - mentioned also by Decowski

et al. [34] - may be seen from our results for the 58Ni(n,2n)
process, too.
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ATOMKI Kozlemények 23 (1981) 59-68
(n,2n) EXCITATION FUNCTIONS DESCRIBED BY THE GRIFFIN
EXCITON MODEL IN THE QUASI EQUILIBRIUM LIMIT*

Z, T, BODY

Institute ol Experimental Physics, Kossuth University
Debrecen 1., Pf. 105 Hungary

The master equations Tfor the Griffin exciton model have
been solved analytically with a linear approximations for the
transition rates. As an example (n,2n) excitation functions
were calculated and compared - in the equilibrium Hlimit -
with equilibrium statistical model results. The agreement is
very good also without Ffitting. Generally (not restricted to
the equilibrium 1limit) the transition matrix element should
be fitted for the description of the experimental curve.

(n,2n) REAKCIOK GERJESZTESI FUGGVENYENEK LE IRASA A GR IFF IN-
FELE EXCITON MODELLEL A KVAZI-EGYENSULY I HATARESETBEN. A Grif-
fin-féle exciton modell differencia-differencial egyenleteit
analitikusan megoldottuk az atmeneti va ldsziniségek lineari-
zalt értékeivel. Példaként az (n,2n) gerjesztési TfTiggvényeket
hataroztuk meg és hasonlitottuk O0ssze az egyensulyi statiszti-
kus modellekb6l kaphatdé eredményekkel. Az egyensulyi hatareset-
ben az egyezés illesztés nélkul 1is igen j6. Nem szoritkozva az
egyensuly esetére, a kisérletekkel valdé jo egyezés eléréséhez
az atmeneti matrixelem (azaz egy paraméter) illesztése sziksé-
ges .

OMUCAHWE OYHHUWA BO3BYXAEHWA PEAHUWA (n,2n) C NOMOUb3
9HCUTOHHOW MOLENW TPUOGOUHA. B cTaTbe [aHb aHanuTUYecKue pe-
weHna o06O06WEeHHbBX HWHemMaTUuyecKUX YypaBHEHUWN nNpespaBHOBECHOW MO-
penn TpudhnHa npu NUHEWHOM NpuBGAMXEHUN BEPOATHOCTEN NepexonoB.
B HauecTBe npumepa onpegensanucb QYHHUUM BO3OYXAEHUSA peakuui
(n,2n) w”n cpaBHMBaINCb C pe3ynbTaTamMu, MNOJIYYHEHHbLIMM Ha OCHOBEe
paBHOBECHOW cTaTucTu4dyeckown wmopgenn. B npepenbHOM cny4vyae paBHO-
Becuss coBnajeHue pe3ynbTaTOB pacyeTOB SAB/AETCHA OYeHb XOpOoWuMm
n 6e3 NoAroHKM napameTpoB. He orpaHmyumBasicb criydyaem paBHoOBecwud,
AN nonyyeHus coBnageHMss Heob6XOoAMMO NOAOrHaTb MAaTPUUYHLIA 3N1eMeHT
nepexopja.

*Dedicated to Professor J. Csikal on the occasion of his fiftieth
birthday.
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Introduction

In calculating particle spectra the compound (equilibrium)
statistical model of nuclear reactions [1,2] agrees with the
experiments to some extent, depending on the energy range and
reaction type considered. A generalization of this model 1is the
pre-equilibrium statistical model [3] which considers the
evolution of the composite system In time and allows 1t to
decay before reaching equilibrium.

The pre-equilibrium model (PM) has a lot of formulations
[3.4] differing from each other iIn bookkeeping different
quantities during equilibration, and in the use of either con-
figuration or phase space description.

A usual (let us say truncated) approximation for PM is to
cut the whole process Into two parts, +£+eqU. and +>+ooo0 » here
tgqy 1s an arbitrarily chosen time necessary to reachthe
equilibrium In the composite system. For t>teqUt the classical
(equilibrium) statistical model, while for t<teqlW the original
PM, or rather an approximate form of i1t is used. This approxi-
mate form comes from considering transitions (steps) toward the
equilibrium only when the instantaneous configuration iIs sim-
pler than those belonging to the equilibrium; teql> will be
the average time necessary to reach equilibrium with this
unidirectional stepping, where the equilibrium is characterized
by having equal up and down transition probabilities.

A frequent approximation iIs to neglect first the transi-
tions toward the continuum when calculating the occupation
probabilities belonging to the different configurations [5].
Clearly, this approximation is closely coupled to the truncated
treatment because iIn the original form i1t would lead to an iIn-
finite weight for the time interval +>+eqy..

The most simple PM formalism is the Griffin exciton model
[6,7] where the bookkeeping is extended only for the number of
excitons (=particlest+holes). If Pn(t) denotes the probability
that there are n éxcitons in the composite nucleus at time t,
the following difference-differential equation system can be
obtained:

dP  (+)
dt = Xn—2-Pn—2’(+) +yn+2’Pn+2-(+) - [Xn+yn+Ln]Pn(t), (1)

where XM+ (ynAt) is the probabi lity that during At a particle-
hole pair iIs created (destroyed) ; Xn and yn are called transi-
tion rates or intensities. LnAt is the total emission proba-
bility toward the continuum.

Egs. (@) are the consequence of the simple fact that the
event marked by a star in Fig. 1. may occure in three mutually
excluding ways indicated by the arrows.

The transition rates Xp and yn are slightly different in
different approximations [8] but they have roughly the follow-
ing forms [7,%?:

« (9E) K ph(n-2), n=p+h, @)

n+1
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ecitn nurber
n-2 n+2

t+AL

Fig. 1. The possible ways of changing exciton number In time. The state
having n at +++ (marked by a star) can be produced from the states at
t in three mutually excluding ways (full lines), while the state having n
at t can decay iIn four ways (dotted lines). From the normalisation of the
probabilities we have ¢crAt=1-(Xn+tyn+Ln)Jt.

where E iIs the excitation energy, g is the single-particle
level density, p and h are the number of particles and holes,

respectively, and IM]2g expressed by the average squared
transition matrix element |[M|]2. Furthermore,
E- B
L= J g Wv(n,ﬁv) A

where Bv i1s the binding energy and Wv(n,ev) is the probability
of the emission of a particle v with the energy ev from an n-
exciton state of the composite nucleus.

The set of equations similar to egs. (1) is usually called
in the theory of stochastic processes as the difference-differ-
ential equations of a birth-and-death process [10]. In physics
egs. (1) are called master equations.

A solution of egs. (1) will be presented here by approxi-
mating all the transition probabilities by linear functions at
the equilibrium. This solution retains the qualitative features
of the exact one and iIn addition 1t gives quantitatively good
results near the equilibrium. So, one can consider it as a
quasi-equilibrium solution for PM. This analytical solution
would be useful also from the point of view of the evaluation
work where simple formulae containing free parameters are pre-
ferred. Furthermore, all the existing analytical solutions
belong to the truncated class, so, i1t would be interesting once
to see a solution without truncation.



2. The solution of the master equations

For obtaining the solution of egs. (1) a generating func-
tion [10] will be introduced. Due to the linear approximations
a first order partial differential equation can be derived.
After solving this equation for the generating function, the
Pn(t) occupation probabilities can be easily obtained. It will
be shown that all the relevant information can be extracted
directly from the generating function itself, thus the deter-
mination of the Pn(+) functions 1is, in fact, unnecessary.

First egs. (1) will be transformed to retain only one para-
meter (p) instead of three (p,h,n). Thus we have

dQ ()
~F =Vi Vi (@ *3-.1QD.1<T) -[V V pdR 1) S
with t=X t () % ab p; Yp=p(P~P0)*(2p-pQ-2)"a p

2P"P0+1

and Op(T)-P2p_Po(b)

Hﬁre we assumed that initially p=p0 and h=ho=0, furthermore
that

L
hopp=E Y E<S. (%)
The definition of the G(z,+) generating function is [10]
6(z,t)= 1 Qp zp ®)

with the complex variable z, |z|<1l. Using egs. (4-6) we have

-[a+ (b-a-6 )z-bz2] 07 =[a(z-1)-y]G @)

An 1nitial condition QpQ(0)*1 and Qp (@O0 for p*p0 Is assumed

from which the boundary condition for the generating function:
G(z,0)«zPo. Eq. (7) can be solved using standard technique and
the result is

a ro

b Ta.2b y-th:hJ _ A+ )
"(14q th0)2" 13§ tne j-the”
6(z, )1 1-1h1e 2h ,1tthe. ®)
with
A-(b-a-6); O=bT and g= —3% A provided that 2b=/A2+4ab . (©))
The particle emission probability for a single neutron
[11] is

2 Ai u
Wv (n-ev} T Y8 -nv VVA Hu((IO ) de, 10)

62



where U is the residual excitation energy, J is the spin of the
emitted particle, e and yv is 1ts energy and reduced mass,
respectively, Ojnv>(ev) iIs the iInverse reaction cross section;
N 1s the neutron number and A Is the mass number. The density
of states can be taken from [13] 1i1f we neglect the Pauli ex-
clusion principle

/ "\n-1
“("h’E) w9 plhI(n-1)! (1D
From egs. (10) and (11) we obtain
n-2
W, (n e, )de,,* C P p(n-1) df (12)
with the abbreviation
ST Yva v eV as3)
The particle spectrum at time t is [11]
Ce 2p-po-2
y n <P-Po-
1(ev"+} ﬁ Pr (W, oE p(2p-p0~1) E
2Ce
vV 3G
" +(1-p0) 3, (14)

Here we see that we do not need the Pn(t) or Qp(x) occupation
probabilities, only the partial derivatives of the generating

function.

IT we suppose - for the sake of simplicity - A=6=0 and
Po=1%*

2CE n+2 ,. n-1
i 1 i-the 2 I, .
Ke .+) ST = I +thej 1+1he 1+ fé) the the X
12 , 2

X {n the [(ia +the +2 I i) the (15)

where % m 2=n and N =s. Furthermore, for integer values of n
the time-integrated spectrum will be

7 \ Prir 206y g, «wWou\“"FP M S 42"

5V I 6 I (ev>+)dt” gE2 n-1 E(n+1)(Kb) r_(’)\r’\(2r+s)(2r+s+2)(2r+s+4)

r ngkah K21 n .
H D3 | kK : @ws)@rs)@mstd) 1-(M2n}. (16)

To be honest,eq. (16) should be divided by the time iIntegral
of EP (©) or G(o,t) i1.e. by (Kbs)-1 to preserve normalisation.

63



ITf we want to describe (n,2n) reactions by the most simple
way we may Ffollow [1] or [12] and neglect all the other con-
current reaction channels. This leads us to

E+Q n n-r r

/ 1(ev)dev VA Z Z Q W)
n,2n o r=o k*o 1=0 nrkis
" 0 ner o an
’ / (e )de Z Z Z

(0] v v r=o k=o i=o0 Bnrki's (1)

where cn>M 1Is the cross section for neutron emission [12], Q
is the "Q-value" of the (n,2n) reaction and

BnrK. .<»>-"r ,FkMNr)<-1>- 2k+2 1+3 +1-y (€1))

with vy IQ The Rrs values are the cofactors of the

r .
(yi lr'+ —|2:||'n ' quantities 1n eq. (16).
'I_\

'tHe)J N —

Considering the equilibrium limit of eq. (17) by taking
s-0, one gets the formula

Tk+2

BODI i _
n, o7 i1a VTN BODEZ O 5 ok 1y a9

and a_ -0
o n,M

The parameters at the equilibrium can be obtained by taking

Up- The result 1is

T‘? -2 =n* /2pE - (20)
that 1s, the upper limit in the sum of eq. (19) is approximate-
ly the average equilibrium exciton number. (However, the sum-
mation 1s not for the exciton number as In the time-independent
solutions.) Practically,it iIs enough to retain the Tfirst term
only, on the right hand side of eq. (20).

In Fig. 2. the on 2n”*°0 values are shown for n=6, 7 and 8.
This will be compared to eq-(3) in [12] which i1s the (equilib-
rium) statistical model result using fermi-gas level density.
The parameter p of Pearlstein is expressed by the level density

parameter a as
p-4a]Ql, (21)

where a i1s related to the single-particle level density by

g- (22)
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Fig. 22 B (9, for n=6,7 and 8. P.: Pearlstein formula [12] for
p=100. W.: Weisskopf formula [1] for T2 MeV and |Q] =10 MeV (arbitrary).
The value of n being the closest approach to /2gE for that energy region
is marked on the abscissa.

Fig- 3. Jip,yp,pn=y and their linear approximations near the equilib-
rium valid for (gbE)2 =3X0. If In addition aJr,v.al bam and N/A=0.55
then y~220 follows from AZE|m |2»400 (MeV3) [14J. The parameter

s* 1 would thus be reduced by a factor Vv - (See also the text).

8b



(The variable s i1n ref. [12] i1s just our y.) One can see In
Fig. 2. that the result of Pearlstein agrees quite well with
the present result. The outcome of the comparison with the
constant temperature Weisskopf formula [1] is also acceptable
with T«2 MeV and |Q]=10 MeV (arbitrarily chosen).

The formulae (15), (16) and (17) (with s*0) contain the
pre-equilibrium contribution In a qualitatively correct way
but they overestimate this contribution If we use "experi-
mentally determined” |M] 2 values e.g. from [14] or [15]. It is
eas-y to find the reason of this overestimation from Fig. 3.
Here i1t can be seen that the use of linear approximations
results In a strong reduction of the (dominant) Ap and its
derivative iIn the 'pure pre-equilibrium region”. At the same
time, the pp=y (=constant) feature is not changed by the
linearisation. Owing to the fact that in these formulae the
pre-equilibrium contribution is determined by the ratio of y
to the (negative) derivative of Ap, the linearisation yields
an overestimation of the pre-equilibrium contribution.

Fig. 4. Weisskopf formula with fitted T (thin solid line) as well as
eg- (7)) with calculated n and fitted s values (dotted line). The experi-
mental data of Paulsen (connected by a heavy solid line) taken from [17]
after normalising them to 840 mb at 14.7 MeV [18]. The calculated curves
were normalised too, so only thelr shapes are relevant. IT we compare the
results of egs. (17) and (19) without normalisation, we see that the former
(with the best fit s0.56 and n=11) gives a smaller cross section (reduced
by 26 %at 11. 5 MeV and by 9 % at 18.8 MeV) due to pre-equilibrium
processes. This is roughly in agreement with the iInvestigations of Holub
and Cindro [19] as well as with the calculations of Seidel [20].
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One can compensate this increase by multiplying s by the ratio
of the linearised to the original Ap. This procedure suffixes
the maximum possible compensation. (However, i1t should be
noted that this "renormalisation™ could change the time-scale
in eq.- (15) by the same factor.)

Let us see an example. In Fig 4. the experimental excitation
function for the 53%n(n ,2n) 5*#n reaction can be seen. The
Weisskopf formula with fitted T as well as equ. (17) with
calculated n and fitted s are also shown here. This best fit s
iIs roughly the half of the calculated and "renormalised" s
value. So, 1t can be seen that eq. (17) gives good result only
if one parameter, e.g. the squared transition matrix element

Fig. 5. An illustration of the neutron spectrum and Its decomposition
to equilibrium and pre-equilibrium parts. (See the text).

IMI 2 is fitted. On the other hand, we can repeat here the
statement of ref. [16] that the yield of the formula (19) can
not be distinguished from that of the Weisskopf formula within
the experimental errors; this is true both for calculated
parameters and for Tfitted ones*.

In Fig. 5 the results of eq. (16) for s=2 can be found for
n=5. 1T we want to know the 'pure preequilibrium” part of the
spectrum we must subtract the former curve from the latter

#1t should be remarked that there is an error In formula (19) as i1t
is published in [16].
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after a proper normalisation which ensures the coincidence

of their derivatives at the e=0 limit. In such a way we can
decompose the total spectrum into an equilibrium and a pre-
equilibrium part. This decomposition is in fact unnecessary
but some people used to calculate first these separate spectra
and then add them together.

I am intebted to S. Isza for his help iIn the numerical
work.
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ANOPAHUMOHHOE PACCEAHWE NPOTOHOB AAPAMU C
BIEMBAHVWEM HYK/JOHOB™*

H. Caiwnep

WMHCTUTYT 3KCNepuMeHTanbHOW (GU3NKU, YHUBEPCUTET WMEHU
1. HowyTta H-4001 fJe6peueH, PFf. 105, BHP.

B.H. TapTakoBCKui
Hadbepnpa Teopum Appa U 371eMeHTapHbX 4vacTtuy, HuneBckuii
rocypapcTBeHHUN yHuBepcuteT wumeHn T.I. lWeByeHko, HueB, CCCP

Mony4vyeHbl GOpPMYNb ANA CeUYeHUn AMDpPaKUMOHHONO paccesiHUss nNpo-
TOHOB sApamMu, COMpoBOXAawlWerocsa Bbb6GMBaHMEM HYH/JIOHOB U3 fdAAaep,
KOTOpble ONMChLIBAWTCHA B paMkKaxX MHOro4yacTMYHOW 060N04YeYHOl MoAenu.
Ha npumepe pac4yeToB ce4deHuUn peakumn 12°C(p, 2p)11B wnccnepoBaHbl
TUNUWYHbLE pacnpejgeneHusas B paccmaTpuBaeMom npouecce. Pag nony-
UEHHbLIX pe3ynbTaTOB CpaBHUBaeTCHdA C pacyeTamMm B APYFrOM BbCOKO-
dHepreTnYecKoOM MPUBAUXEHUN .

NUKLEONKIUTESSEL JARO DIFFRAKCIOS PROTONSZORAS ATOMMAGOKON.
Kifejezéseket kaptunk protonok atommagokon torténd, nukleon-
kildtéssel jaro diffrakcidos szdérddasanak hataske resztmetszetei-
re, az atommag Uleirasara a sokrészecskés héjmodellt hasznalva.
A 12C(p,2p)M B reakcid példajan tanulmanyoztuk a tipikus el-
oszlasokat a vizsgalt folyamatban. A kapott eredmények egy reé-
szét Osszehasonl itottuk mas nagyenergiadaju kozelitésben végzett
szamitasokkal.

DIFFRACTIVE PROTON-NUCLEUS SCATTERING FOLLOWED BY NUCLEON
KNOCK-0UT. Formulae are given for the cross-sections of dif-
fractive scattering of protons on nuclei, TfTollowed by the
knock-out of nucleons using the many-particle shell-model for
the discription of the nuclear states. As an illustration, dis-
tributions typical of the investigated process, are calculated
for the 12C(p,2p)n B reaction. Some of the results are compared
with those of other high-energy approximations.

*ABTOpbLI NocBsAwWawT paboTy npopeccopy . 4Ymkanm no cnyyaww ero 50-netwuda.
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1. BBepgeHune

Mpn 06Ny4YEeHUN aTOMHbLIX fA[ep BbLICOHO3HepreTUYeCKMMUM MNpoTOHaAMMU
UWnn Jpyrumm appoHamMu MOryT MOPOUCXOAUTb C 60NbWO BEpPOATHOCTbK
npoueccs BbbOGMBaAHUA U3 AAep HYHNOHOB, KOTOpbe, KaK WU paccesHHble
yacTuub, O6yayT ABUratbCsd B OCHOBHOM B HanpaB/leHWUM NajeHua nep-
BMUHbLIX YacTuy, MNOCKONbKY B 3TOM c/aydyae O0yaeT Befnuka npoaosbHas
cocTaBdwwWwas nepefaHHOro wumnysnbca. Takue npoLecch MOXHO OnNu-
caTb MCNONMb3yAa pa3/IMuHbie BLICOKOSHepreTuueckue npubnuxeHusa. B
YyacTHOCTM, C MUCNOAb30BaHUeM OLHOrFro U3 TaKux npumbnunxeHuin B pabo-
Te [1] wn3yuvanca npouecc 12C(p,2p)1lB.

B HacTodAwein paboTe wunccnepywtTca npouecchs Bbb6MBaHUA HYK/JOHOB
M3 MHOTFOHYKJ/IOHHbIX saep, Korga nepefgaHHbLA WM uMnynbc Tc neprneH-
OVKYNndapeH WUMNyNbCcy najakllero nNpoToHa m kKccP”~ bypaem cuyuTaTthb,
4UTO 3Heprma napjawwero nNpoToHa nNpu 3TOM TakoBa, 4UYTO ero pAJ/inHa
BOJIHb * Masia no cpaBHeHWKW C pagumycoMm d HYK/JOH-HYK/IOHHOro B3au-
monencTBMA. B 3aTom cnyyae 6yaeT nNpuMMEeHUMO AUPpakKUMOHHOe nNpub-
nmxeHune [2-4]. XoTA BepoOATHOCTb npouecca nNpu TaHUX YCNOBUAX
3aMeTHO MeHble, YemM B cQiydyae Hanuuimsa 60MbWLOro NPOAOAbHOIO
nepefgaHHoro wuumnynbca, Teopus AgUPpakKLUWOHHONO paccesHUA ajpoOHOB
anpaMn xopowo pa3paboTaHa [2-5], a M3 cpaBHEHUWSA MNONIYYEHHbLIX B
HacToswen paboTe dGopMyn ANs cedyeHWili npoueccoB C [AaHHbLIMW COOT-
BETCTBYWUWMX I3KCNEpPUMEHTOB HeTpyAHO W3BMeKaTb WHpopmauuw o
cBolicTBax fAaep, MNOCKOMbKY (OpMyns B paccMaTpuMBaeMoOM MNpubBAMXeHUu
UMeKwT [O0BOJ/IbHO MNPOCTYKW CTPYKTYpy. 34ecb Mbl A1 ONMCaHWA CcocC-
TOAHWA Afaep UCNONb3yeM MHOFo4YacTU4YHYW O060M104YEe4UYHYKW MoAeNnb C
LS-cBaaba. Ho B cnyyae Heob6XoAMMOCTU HETPYAHO MNONYYUTb Bblpaxe-
HUA [N CeYeHUW W Onsa Apyrux sSnepHbX Mmojene.

dHeprum napgawwnux NPOTOHOB nNpum *<<d 6yayT nopsagHa coTeH MaB
n Bblle, TaK 4TO UX KWHeTuyecHasd 3Heprua 6yaeT Benuka no cpas-
HEHMWI® C 3Heprueli cBA3M HYK/IOHOB B dA4Ape U B3aumojencrtsBue
najgawwer YacTuUuUb C HYK/JOHaMuMm sfApa MOXHO paccmaTpuBaTb He3aBU-
cumMo. B aToM cnydyae npopunumpywlwyio GYHKLUIO, OMUChBalWyw B3au-
MogeiicTBMe nafjawweld YacTuubl C SALPOM, MOXHO Bbpa3nTb 4epes
npodpunupyowumne QGYyHKUUM, XapaHTepuaypywwume B3aummogeiicteme napgatw-
We 4yacTuubl C KaxAblM HYK/JOHOM dapa.

B paHHux pab6oTtax [2,3,6-8], B KOTOpbLX ycnoBue *&<d He pgo-
CTaATOYHO XOpPOWO BHLIANOAHANOCbL W CUYUTANOCb, 4YTO A/INHA BOJHbL *=
M~Ana Nuub Mo cpaBHEeHUW C pa3mepamu BcCcero sgapa, wWMmMennm peno c
npopuanpywumMMm QGyHKUMAMKM ANS Aapa Kak uenoro, 6e3 ydyeTta ero
MUKPOCTPYKTYpPb . OAHAKO TaKOW noAaxon He NO3BOMAAA NocnepoBaTeflb-
HO paccmaTpuBaTb nMpouecch BbOMBaAHUMA YacTuy U3 Aapa W uM3ydaTb
CTPYKTYpYy sAjep-mMmuweHun. B Hawem xe cnydyae BbLCOKWUX 3Heprun, Kor-
Ja MOXHO BBECTU HYK/JOH-HYK/IOHHble npogpunmpywumne QGYHKULUM, NOABU-
Nnacb BO3MOXHOCTb Ha OCHOBe MWKPOCKOMNMYECKOro noagxopga onucaTb
pa3/inyHble npouecch Heynpyroro paccesiHus, B TOM 4yucne, sSA[epHble
peakuuun, conpoBoOXgawwmecsa BbOMBaHMEM HYK/IOHOB W CJ/AOXHbX 4YacTuy,
M3 qagep, a TaHXe BO3MOXHOCTb M3y4YeHUA pa3nuuHbiX pgeTanen sapep-
HOW CTPYKTYpb W sSAepHOro B3aumogelncTBuda. B vacTHocTu, npwu
CpaBHEHUM pacyeTOB C IKCNEpPUMEHTOM MOXHO TO4YHee oNpenendaTb
rpaHnybl NMPUMEHMMOCTU WUCNONb3YyEMbX SAEPHbLX Moaenem.

Peakunn BbOGMBAHMA MNPOTOHOB MNPOTOHaAMW U3 NEeTHUX AAep YyCNewHo
onuceBanuCb B UMMNY/NbCHOM NPUBGAUXEHUN MEeTOAOM UCKAaXEHHbIX BOJH
(DWIA) [10, 12] B ycnoBusAX 3KcNnepumeHTa, Korga npoaofnbHas
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(oTHOCUTENLHO WUMNy/ibCa Majawlwero MNpPoToHa) cocTasnswwas nepe-
[AaHHOro uMmnynbca, d,, He npeHebpexuma OTHOCUTENIbHO ero nonepev-
HOW cocTaBnsiouwer, B cnyyae, Korga o«<<ic, MNpuMeHeHue AnppakLMNOH-
HOro npuéNKXeHNa nNpuUBOAUT K 6osiee MNpPoCcTbiM (QopMynam A9 pacyeTa
N NO3TOMYy MNpeacTaBnsieT Co00M UWHTepec Ana paccMmoTpeHus. [loc-
KO/IbKY B HalleM pacriopsxeHun He UMEKTCA 3KCMepuMeHTaslbHbiX OaH-
HbIX MO AudhepeHunasnbHbBIM CeYeHUsIM peakuuii, B YC/OBUSIX, Korga
ANPPAKLUNOHHBLIA  NOAX04 MPUMEHUM, TO Mbl JaeM /vwb s guhphepeH-
UMa/IbHBIX CeYeHUi KadyeCTBEHHYK OLUEHKY, /19 MPOCTOThl NpeHebperas
KaK MCKaxeHneMm BOMH Majawwero v oT/ieTavnlmx MNPOTOHOB TaH U
PENATUBUCTCKUMU 3SPeKTammn. YUYeT UCKaXEeHUA BOJIH MOXET NpuBecTU
K MOHWXEHMI0 CeYyeHUn MpuMepHO Ha nopsgok [1], Torga kKak pensatu-
BUCTCKUE 3(PeKTbl npeacTaBnanT Cco00M HEeCKOSbKO [eCATKOB Mpo-
LEeHTOB ,

Huke npun mnaydeHnn peakuum 12C(p,2p)11B npegnonaraeTcda, 4TO
A0PO-MULEHb He AepopMMpOBaHO B OCHOBHOM COCTOSHUW. B paboTax
[11,12] 6Gbna yyTeHa pgepopMauusi OCHOBHOIO COCTOSHUA SApep Npuv
aHanm3e peakumn BblbMBaHMA MPOTOHOB MpPOTOHaMM U3 apep 6L m 12C.
Bein® coenaH BbiBOL4, YTO y4yeT fgepopMaumn saep nNpMBoaUT K CylecT-
BEHHbIM WN3MEHEHUAM KaK B WUCTOJ/IKOBaHUM TaK U B TeOopeTUyecKux
3HavYeHnsX anphepeHumanbHbX CeYeHun. Ha OcHoBe pe3ynbTaToB,
nony4yeHHolx B [11], MOXHO OxugaTb, 4YTO y4yeT fegopmaumu sgpa 12C
NPUBOAMT K MOBLILEHNK TeopeTudecKnx aunhpepeHunasnibHbiX CeyeHnin Ha
NPOUEHTOB 20 B Hawem cry4ae.

Puc. 1. YrnoBboie pacrnpene/ieHst paccesiHHbX MPOTOHOB B peakuyn
12C(p,2p)11B npn €290 n er=5»10 n 20 MeB (Kovebe 1,2 1 3). Yron

p=]o1+021=
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2. AwnnuTypa nepexoga U ob6lee BbipaxeHue ANsa guphepeHUManbHOrO
ceueHuss npouecca

MaTpuuHbiAi 2nemeHT nepexoga Uj *F, nponopuyuvoHanbHbLIN amnanType
nepexoja, Npy BbOMBAHUM HYH/IOHOB U3 onpejeneHHon nNE-060M104YKK
AApa B WUMNOY/NbCHOM NpuUGAMXEHUU npefcTaBnsieTcs B TaHOM xe Buge,
HaH U B pab6oTe [1], HO nNpum 3TOM B AMPPAHUMWOHHOM MNPUBAUXEHUN
Heo6xoAUMO MNONOXUTbL (,,=0. Wcnonb3ysa ob6wee BbipaxeHue Ansa aud-
pepeHumanbHoro cedveHus B [1] ¥ nepexoas H cucTeme LeHTpa Macc
(CUM) napawwero npoToHa W dAapa-MUWLEHW, NOAy4YUM oOb6Lee BbpaxeHue
ANA cevyeHUss B Hawem nNpubIMKeHUUM B HEpPenssiTUBUCTCHOM crydae
(M/Mpg<<1):

d5a 1 d2xd 3kj
v @
nt
y 21+1 0 ¥sYs (2m)5
roe Kr ~ MMnynabC BbOUTOro HyHNoHa B CUM nagawwein uvacTuubl wu
nepBoHayaabHOro sapa. Bce o603HavyeHus HacTosweih paboTh aHano-
rmMyHol o6o3HaveHuam [1], ys[A]aBRLSTI - COBOKYNHOCTb HBaHTOBbLIX

yncen sapapa-ocTaTHa. BenuuuHa Uj *F B uMcnonb3lyemolh HaMMm MHOro-
YyacTM4YHOIW 060N04YEeYHON mogenn wuMmeeT crepywwuin BUA:

-1
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CymmmpoBaHua B (1) u (2) HeTpyAHO BbLINOMAHUTb, WUCNONbL3YyA
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NONyYnNM :
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roe e2 ~ HMUHeTMyecHass 3Heprua BbOUTOro HyksoHa B CUM napawwero
npoToHa W sagpa-miweHu, da™/diiT umeeT cmbicn gnbhdbepeHuMmanbHOroO
cedyeHuna ynpyroro NN -paccedHuma B CLIH AByX cCTankuBawlWuUXca HYK-

noHos. 3ameTum, uTo(NpuN<r|k2>=e "kriC BbipaxeHne (4) cTaHOBUTCSH
PyHKLMEA pa3HOCTU KI-K=K2, KOTopas npeacTaBnsseTr coboil wumnynbc
HYKA1OHa B sape Ao Bbb6umBaHua, a GnBR(k"2) 6ygeT npwu 3TomM pac-
npegeneHneM nNo MWMNynbcaM HYH/NOHOB B NE - 060/104Ke sAAdpa-

Puc. 2. Yrnosbie pacrnpegeneHus BblOUTbIX MPOTOHOB Mpu zZZ-10 MaB wu
01=0°, 5° u 10° (Hpueble 1,2 u 3) u npu £r=5 M3 u ©i=10° (kpueas 4).

MPM HOHKPETHbIX BbIUNCAEHUAX O6yaemM 6paTb HYK/OH —HYK/IOHHblE
npohunupywumne ¢GyHHUUM B BUAE CAeAyoOUNX raycCOBCKUX 3aBUCUMOC-
TEen :

w(p)= 2A[a exp(-ap2)-iab exp(-bp2)], (6)

UNC/IEHHble 3Ha4YeHUs napamMeTpoOB KOTOPbLIX ANA 3Heprunm najgawwyunx
yacTuy B nabopaTopHoOiW cucTeme oTcyeTa T x=185 MaB 6panucb K3
pa6oTb [9]- B kauyecTBe Hauya/bHbIX CBSA3aHHbLIX OAHOHYHNIOHHbLIX BOJ/-
HOBbIX (QYHKUWIA 6panncb OCUUNANATOPHbE GYHKUMM C napaMeTpom
ro=1,65 ®, uyTOo cooTBeTCcTBYeT Aapy 12C, a B KauyecTBe KOHEUHbIX
BOJ/IHOBbLIX (QYHKLWA HYKNOHOB MWCNONb3yeM MN/IOCKUE BOJIHb. B 3aTom
cny4dyae pacnpepesieHMs HYK/JOHOB No wumnynabcam B 1s- u 1p- o6o0s0u-
Hax daapa 6yaAyT wumMeTb creaywuwumin npocToli BUA:

Glo(kr)- G (k2)= K2 Gio (K2). (@)

YunTeBanncb elle HOHEe4YHble pa3Mepb HYK/NOHOB, a TakKxe nonpaBka Ha
ABUXeHWe UueHTpa Macc sfAapa, KOTopyw Heob6xoaMmMo BBOAUTbL B 060/10-
YeyHoOWn Moaenn.
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Puc. 3. PacnpegeneHuss BblOUTbIX MPOTOHOB MO 3HEPrum npu 02=90° wu
]011=5°, 10° u 20° (HpuBbe 1,2 n 3). 34ecb WTPUXMNYHHTUPHas KpusBasa 3 npwu
01 <0 u306paxaeT ceyeHune, yBenMyeHHoe B 10 pas.

Puc. 4. Te xe pacnpepeneHusi, 4uto U Ha Puc. 1 npu 02=90° u r2=X} Mse 6

yyeTta (KpuBble 1) M C y4dyeToMm
HOINO wumnynbca.
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3. WccnepoBaHme YrfoBbX U 3HEPreTUYECHUX pacnpegeneHui
B peakuyunm 12C(p,2p)11B

N3yueHne sAOepHbLX MNpPOLECCOB Ha coBnajeHue, Horga B akKcnepu*
MEHTe OfJHOBPEMEeHHO JAeTeHTUpYraTcH HaH paccessHHas 4yacTuua, Tak
MW NpoAaYyKTH sSAAepHOW peakuun, npepcTaBnsieT 3HauUTeNbHbA WHTepec,
MOCKO/IbKY COOTBeTCTBYWIUNE Cce4vYeHUss Ha coBnageHue cogepxaTtT B
ceb6e HaubGosiee MNOJSIHYW WHPopMauulw O paccMaTpuBaemMom Mpouecce,
ero mexaHuame, B3auMMogelWcTBMW ydyacTBywWMX B Npouecce vyacTuy,
CTPYKTYpe Hauya/lbHOro W KOHEYHOro sAep MUWEHW.

Puc. 5. Te xe pacnpegeneHmsi, 4to u Ha Puc. 2 (Puc. 5a) pgna £2=10 MaB
m 01=10° mn Ha Puc. 3 (Puc. 56) gna 02=30° un KOj 1=10° 6e3 yuveTa (KpuBbe 1)
n c ydyetom (KpuBbie 2) NpoOAOSLHOW cocTaBnsawwen nepefaHHOro UMNyJsibca.

3ameTumM, UYTO B HalWwem c/yyae pacCesiHHbA B BbLOUTHIA HYKMOHDI
CUNbHO OT/AMYAKWTCHA MO 3HEepPrum W HanpaB/IEHWKW CBOWX WMNYNbCOB,
noaToMy 3ppeKTamMu, CBA3aHHbLIMA C TOXAECTBEHHOCTbK HYK/IOHOB
MOXHO npeHebpeyb U BOJ/IHOBbLHIE PYyHKUMM BCell cucTemb Mo 3TUM ABYM
HYH1OHaM NO3TOMY He aHTUCUMMEeTpPuU3oBalNUCH.

PaccvmoTpum, npexge BCero, npoueccs, onucoBaeMmble auphepeH-
unanbHbiM cedveHuem (3). PacueTh cedeHua (3),,BbINOMIHEHbH B KOMMNaa-
HapHOW reomeTpuun, Korga uMmaoynbcbo TX, K} u nexart B OAHOWA
N1OCKOCTU, nNpuyemM 3Haku yrnoe Oi m 02 cuntaem NONOXKUTENbHbLIMU
npu pacnonoxeHum wnMnynbcoB kI m kJ no pa3Hble CTOPOHbL OT UM-
nynbca ki. (CeyeHMe wvHBaApuaHTHO nMNpM OLHOBPEMEHHOW 3amMeHe 3Ha-
KOB Yy yrsioB 01 W 02 ).

Ha Bcex pucyHKax Hawei paboTb WTPUX-MYHKTUPHbIE OTHOCHATCHA K
cnydyaiw Bbl6MBAHUA HYKJOHOB U3 1s - o6onouyku sgpa (n=1, 1-0), a
CNNOWHbLIE HpUBbHIE - N3 1p - o6onoyHu gqagpa (n=1, J/=1). Pacnpepge-
NeHnss HYH/JIOHOB MO yrsaam W 3Heprusam, onuceiBaembie dopmynon (3).
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Puc. 6. Yrnosas Hoppensuyusa HakK (QyHHumMa yrna paccesiHusa 0 . Kpusbie 1
OTHOCATCSA H cny4aln neprneHAVHYNSPHbIX MJOCHOCTEN paccesHUs W BblbMBaHUSA .
HpuBbie 2 cooTBeTCTBYWT crniydaw 02=01. KpuBbie 3 n306paxalT CYTy CeydYeHuin
ona 01 n -01 npm 02=90° a HOMMNAHaApPHOI reomMeTpun.

CU/IbHO pa3/inyawTca nnpu BbOMBaAHMKU N3 pa3nydHbiXx o6onoveH (Puc.
1-5). OpgHaHO 4YacCTWYHO nNpouMHTerpmpoBaHHble ceudeHus (Puc. 6-0)
3HauuTenbHO csiabee 3aBUCAT OT sAfepHbIX o6onodyeH. OTMEeTUMM Hanu-
yme [ABYX MaKCUMYyMOB Ha pUcCyHHax 1 m 2 B cnydae BbOMBaAHUA HYK-
noHoB un3 1p - 060/104KU, @a TaHxe Hannyume CUMMETPUM 3aBUCUMOC-
Teih Ha Puc. 2 oTHocumTenbHO 3ameHb 02 Ha T1-02 oTAaenbHO ansi obnac-
TN NONMOXUTENbHbLIX W OoTpuuaTenbHbX 3HaudeHuw 02. Mpu O0iI-0 BcCe
ceyeHUss Ha Puc. 2 cTaHOBATCSA MW30TpOMNHbMKU, a npu €20 3Tu cede
HUs 3aHynswTcad. C yMmMeHbleHuem yrna paccedaHusa Of WHUPWUHLB MaKCU-
MYMOB KpUBbLIX Ha Puc. 3 yMeHblLawTcA, a caMm MaKCUMyMbl CcAoBuUrawT
CA B CTOPOHY 3HaueHus £r=0*

PUCYHKM 4 N 5 NNAKNCTPUPYWT CTeneHb OTAM4Yusa AuhpakKuMOHHOrO
NPpUGNNKEeHUA U OAHOrNro M3 BbCOKO3HepreTmyeckux npubnuxennin (rge
yuynTtheBaeTcsa (,) wucnonb3zoBaHHoro B [1]. BugHo, uTO B psage cny-
yaeB OT/INYUNA BecCbMa CYylleCTBEHHblEe.

Ha pucyHHe 6 un3o6paxeHo nNpouHTerpupoBaHHoe MNo €2 cevyeHue

(3), TO ecTb

i K g ©
clll a2 nE<gE M) Lpg 0
LnA- f / 2V3eJ GnA( K>K]) 0)
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Puc. 7. 3aBucumocTtu ceudeHunii dsonf£/(dftidej) ot yrna paccesuHua (Puc. 7a)
npn £2=6, 12 n 18 MaB (KpuBbie 1,2 N 3) N OT BHEPrunM BbIGUTOrO HYK/IOHaA €2
npn 0j=10°, 15° u 20° (Puc. 76, 7B u 7r).

Ona Hawux BONHOBLIX (YHKUUA, BBOAA 6e3pa3MepHble o603HauveHUs
n=r X=sin 02 cos ¢ (b - yron mMexay”~n/70CHOCTbI0 paccesHus
- - r
(Kl, I() M NOCKOCTbI0 BblbMBaHUSA ’ kJ)),Aﬂﬂ 1S - un 1p - ob6o-
no4yeK nNony4vum

1.2 22
L1001 =21 : Eeﬂ X [ 1+erf(nx)] (M2X2+ ~A)+NX/ AT >»

L,(n3) =@M e n (en x [1+erf(nx)3 3% 2=ny (-|+02(1-x2))

t n2(1-X2)]nx/"} e

B cnyyae nepneHAMKYNSAPHbBIX MNJOCKOCTEN paccessHUAs U BbOGUBaAHUSA
(b=m/2) xcO n ceuyeHms He 3aBuUCAT OT yrna 02« [lONOXEHNA MaKCU-
MYMOB HpPUBLX 3 Ha Puc, 6 [AOBOMbHO 4YYBCTBWUTE/IbHb K BbOOPY 3Ha-
YeHUss CTPYHTYpHOro napameTtpa TrO.
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Puc. a. Yrnosboie M 3HepreTuvecKue pacnpenenieHusi BblIOUTbIX HYHMOHOB. 3aBu-
cumocTun cedenuin d3a,,£/(da2dej) ot 02 (Puc. 6a) npu e€2=10 un 20 Mase (Kpu-
Boe 1 n 2) n or €2 (Puc. 86) npm 02«0°, 45° m 90° (HpuBbe 1,2 n 3). 3aBu-
cumocTu pacnpegeneHuin d2and/dR2 ot 02 (Puc.68) u danA/de2 ot e2 (Puc.Br).
UTpuMXx-NyHKTUpHass KpuBasi Ha Puc. 8B un3o6paxaeT yBenuueHHoe B 10 pa3 ce-
yeHune.

NMponHTerpuposas (3) Mo HanpaB/eHUWsSM UMNOynbca BLGMTOro nNpo-
ToHa, MNONy4YUM CcCeuyeHue

d3a KI a da

nl NN
dRlder VN LU o)
R n
ML sanzere| 11101 ) (11)

n3obpaxeHHoe Ha Puc. 7. BBopga o6o03HauveHune ¢=r0k2, ana Hawero
KOHKPETHOro cnyvyass uUMeeM

J10(¢,n)- ?I/Ii_‘l' [e-(¢’n)2-e" (c+TD2" |,
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o R (J10(e.m+L(e-m

OyHHUUM JpE M tnE, KaK cnegyet U3 MX ABHOINo BUAa, B UCNONb3ye-
MO Hamm MoOAeNnn SBAAKNTCH YHUBEPCa/IbHbIMM (DYHKUMSAMM G,N U K N He
3aBUCAT OT KOHHPETHOro sapa.

PacnpepeneHna, nokasaHHble Ha Puc. 8, nosyyawTCA UWHTEerpupo-
BaHnem (3) MO yrsam paccesiHus npoToHa W 3aBUCAT TOJSIbHO OT
nepemMeHHbIX BbIOUTOro HyK/OHa. 3TW pacrnpefeneHnsa KaH (QyHHUMK
SHepruv £r n yrna BbieTa 02 MOryT CYWeCTBEHHO OT/iMyaTbCA OT
COOTBETCTBYWWMX pacrnpefeneHnii paccessHHOM 4acTuupl, HO OHU MeHee
YYBCTBUTESNIbHbl K SAEPHON CTPYKTYype, YeM ceyeHus Ha CoBnafeHus.
Hpove TOro ux TPyAHO BLIAENATbL 3KCNEPUMEHTa/IbHO B paccmaTpuBae-
MOM npoLiecce.
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DETERMINATION OF CI AND S IN CRUDE OIL SAMPLES BY NEUTRON
ACTIVATION ANALYSIS AND X-RAY FLUORESCENCE METHOD*

S, SZEGEDI/ A, PAZSIT

Institute of Experimental Physics Kossuth University,
4001-Debrecen,Hungary

CS. M. BUCZKO
Isotope Laboratory Kossuth University, 4010-Debrecen, Hungary

The applicability of X-ray fluorescence analysis (XRF) and
thermal neutron activation analysis (NAA) for the determina-
tion of ClI and S concentration 1in crude oil samples has been
investigated. A 55Fe exciting source and a Si(Li ) detector for
X-ray fluorescence analysis, TfTurthermore a 250 yg 252Cf neu-
tron source in water moderator and a Ge(Li) detector for neu-
tron activation analysis were used in the 1iInvestigations. Sen-
sitivity for C! and S by XRF method 1is 0.02 w$ and Ffor Cl by
NAA method 0.1 -

ASVANYOLAJ MINTAK ClI ES S TARTALMANAK MEGHATAROZASA NEUTRON-
AKTIVACIOS ES RONTGENFLUORESZCENCIA MODSZERREL. Asvanyolajok
Cl és S koncentréacid6éjanak meghatarozasat vizsgaltuk rontgen-
fluoreszcencia mdédszer és neutronaktivacids analizis felhasz-
naladasaval. A rontgenfluoreszcencia moédszer esetében 55Fe ger-
jeszt6forrast és Si(Li) spektrométert, a neutronaktivacios
analizisnél pedig vizmoderatorban elhelyezett, kb. 250 yg
252CFf neutronforrast és Ge(Li) spektrométert hasznaltunk. A CI
és S meghatarozasanak érzékenysége rontgent luoreszcencia mod-
szer esetében 0.02 s%, mig a neutronaktivacidés analizisnél a
C I-meghatarozas érzékenysége 0.1 s%.

ONPELENEHWE KOHUEHTPAUWW XNOPA W CEPb B HE®TW C MNOMOLWbLIO
HENTPOHOAHTUBALWOHHOIO W PEHTFEHO®NYOPECLUEHTHOIO AHANU3A. [Ansa
onpefeneHns KoHUeHTpauuum xsopa U cepbl B HepTu ObLANM McCnonb3oBa-
Hol PEHTreHop/iyopecueHTHbBA N HEeWTPOHOAHTUBALMWOHHbLIA aHanu3b . B
cny4dyae peHTreHojpsiyopecueHTHOro aHasnm3a BO360yxgawlWMM MNCTOUYHUKOM
cnyxmn kKonbueBoe T5Fe un uamepeHua 6binm cpgenaHol Si(Li) cnekTpo-
MeTpOM, B HEeWTPOHOAKTUBALWOHHOM aHaaAu3e uUCNOoNb30BaNCcs UCTOYHUK
252CFf Becom 250 yr un cnekTpb 6bAnM cHATH Cc nomowbi Ge(Li)
cnekTpomeTpa. YyBCTBUTE/NIbHOCTb ONpefesieHMsa XJjiopa U cepb cocTa-
Bnna 0,02 % pgnsa peHTreHopnyopecuyeHTHoro metoga wn 0,1 % gn4a
Xjiopa B ClNlyyae aKTuBaLWMOHHOro wmeToja.

"Dedicated to Professor J. Csikai on the occasion of his fiftieth
birthday.
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1. Introduction

The quality of crude oil samples depends on the C/H ratio
as well as on the concentration of trace elements iIn them.
Therefore, i1t iIs essentially necessary to know these parame-
ters establishing the quality of crude oil samples and to
choose the economical refining and processing procedures. Many
times, these parameters should be continuously controlled be-
cause the quality of the crude oil samples collected iIn the
pipe-lines from different wells, may change considerably.

The knowledge of the C/H ratio gives useful information on
the calorific value, on the ratio of aromatic and nonaromatic
components of oil samples and on the other hand, it helps to
choose the optimal parameters of processing.

Among trace elements the knowledge of V, Cl and S concen-
tration is especially important. Vanadium occurs in complex
compounds, which cannot be cleared away even by distillation,
and conduces to the corrosion of the equipment during the
processing and utilizing procedure of this compound. A part of
the S content can be washed out by water during the purifica-
tion, but the other part, fixed to organic components remains
in the product even after distillation. During the utilization
S02 originates from this not eliminable part which also iIn-
creases the corrosion. Cl occures usually in form of NaCl and
it can be easily removed.

For the determination of hydrogen content and C/H ratio an
analytical method based on neutron reflection has been worked
out [1] and the disturbing effect of oxygen was examined. In
Ref. 2 a report is given on the determination of V content in
crude oil samples by on-stream neutron activation analysis.

The aim of the present work iIs to investigate the main
characteristics of the XRF analysis iIn the measurement of S
and Cl content and those of the NAA iIn the measurement of CI
content of crude oil samples.

2. Apparatus and measurement procedure

In the case of XRF method, we used a 55Fe exciting source
and a Si(Li) detector fed to a 1000-channel pulse-height ana-
lyser. A schematic layout can be seen in Fig. 1. The good
resolution (210 eV at 6. keV) made it possible to separate
the photo peaks iIn the XRF spectrum originating from the S and
Cl content of oil and from the Ar content of air. Therefore,
measurements could be carried out under atmospherical condi-
tions avoiding an increased evaporation accompanying the vacu-
um procedure which would change the composition of crude oil
samples. The bottom of the sample holder was a 2 ym thick poly-
ethylene sheet.

In the case of Cl standard samples were prepared for cali-
bration by dissolving CCilU in refined oil. Measuring time for
each sample was 2000 s. The calibration curve can be seen iIn
Fig. 2.
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oil sample

Be- window
- source

Fig. 1. Experimental set up for X-ray fluorescence analysis.

These standard samples were also“used for the measuring of
Cl content by neutron activation analysis. For irradiations a
250 pg 252Cf neutron source was used which was placed into a
water tank together with the samples. The activities of 1.64
and 2.17 MeV y-lines from 37C1(n,y)38Cl1 reaction were measured
by a Ge(Li) spectrometer. For this method the calibration
curve can be seen In Fig. 3. The irradiation and measuring
time was one hour.

CHLORINE CONCENTRATION (Wi1/)
Fig. 2. Calibration curve for Cl content determined by XRF method.

As 1t iIs very difficult to dissolve S in oil, we did not
prepare standard samples. For measuring S content the cali-
bration curve of Cl was used, taking iInto account the relative
intensity ratio calculated for the excited radiation of S and
Cl. This 1s a frequently used procedure in the XRF method. The
fundamental principle of the calculation iIs that the measured
intensity of the excited radiation of the elements depends un-
ambiguously on the_atomic number Z of the elements, the aver-
age atomic number Z of the matrix and the geometry parameters
of the experimental set up [3]. The equation for the counting
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CHLORINE CONCENTRATION ~(w*W

Fig. 3. Calibration curve for CI content determined by NAA method.

and two curves for the relative iIntensity vs. atomic number

can be seen in Fig. 4. These curves and the calibration curve
for Cl can be used to measure the concentration of the elements
having the atomic numbers iIn the range of 16-23, by using 55Fe
exciting source at atmospherical conditions.

3. Results and discussion

The chlorine content of two Hungarian crude oil samples has
been determined by XRF and NAA methods. The results can be
seen in Table 1.

The sulphur concentrations of the various crude oil samples
determined by XRF method and those got by chemical methods can
be seen in Table 2. When using different methods, the average
deviation of the results is approximately =10 %.

The determination of Cl and S content can be falsified be-
cause of the inner exciting, caused by other elements iIn crude
oil. SoY before doing the quantitative analysis 1t iIs advisa-
ble to carry out a qualitative analysis to know all the ele-
ments in the oil and on the basis of that to make some cor-
rections for the exact determination of the ClI and S contents.
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Fig. 4. Relative_intensity vs. atomic number (@ iIn the case of two
different matrixes (5.5 and 7.2), where
HiIE: photo-absorption cross section,

uy,: Fluorescent yield,

RIE: relat/\ve intensity of i1-line to that of all the lines, at the
exciting energy E,

Tt : absorption of Be-window and air, and detector efficiency,

mass absorption coefficient of matrix for characteristic
radiation of component 1

KiE- 1onization probability,

ITf we want to use a calibration curve for XRF method a
special care must be taken that the average atomic number of
standard oil samples should be equal to that of the examined
crude oil samples. If this i1s not possible, we have to make a
correction for the difference of the average atomic numbers
by using the calculation In Fig. 4.

The average atomic number of an unknown sample can be de-
termined from the XRF spectrum by using the intensity ratio of
the elastic and inelastic scattering of the exciting radiation
which 1s a monotonous function of the atomic number (Fig. 5)

[4]-
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Fig- 5 Intensity ratio of elastically and inelastically back-
scattered exciting radiation vs. atomic nurber.

Table 1.

Chlorine content  (Wxg)

SAMPLE
XRF NAA
Kiskunhalas (O) 0.23 £ 0.01 0.21 + 0.05
Szank (0) 0.40 + 0.03 0.37 = 0.08
Table 2.
+
SAVPLE Sullphur content (W) Fefpe/ftive
XRF chemical
method
Soviet 1.09 £ 0.08 1.51 16.2
Kiskunhalas 1. 0.79 £ 0.06 0.626 11.6
Szark 1. 0.38 = 0.03 0.392 1.6
Kiskunhalas 11. 0.12 £ 0.02 0.147 10.4
Kiskunhalas 111. 1.37 =+ 0.09 1.25 4.6
Szank 11. 0.46 £ 0.4 0.45 1.1
Szank 111. 0.67 = 0.05 0.52 12.5

86



As 1t can be seen iIn Fig. 4 the intensity of the excited
radiation depends considerably on the average_atomic number of
the matrix™ For example, using oil matrix of Z=5.5 and water
matrix of Z=7.22 the ratio of the relative intensities from
Cl 1s 2.53. This value was checked experimentally too, and the
measured 2.1500.02 intensity ratio Is in good agreement with
the calculated value. From these examinations i1t iIs evident
that any matrix can be used for standard samples taken iInto
account the relative intensity curves for different matrix
values.

Sensitivity for Cl and S 1s 0.02 w% by XRF method and
0.1 w% for CI by NAA method.
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NUCLEAR EXCITATION BY POSITRON ANNIHILATION*

TAKESHI MUKOYAMA

Institute for Chemical Research, Kyoto University,
Kyoto, Japan

The nuclear excitation process by positron annihilation has
been reviewed. The existing theories and the experimental stud-
ies on this phenomenon are briefly described and discussed.

ATOMMAGGERJESZTES POZ ITRON-SZETSUGARZAS ALTAL. Pozitron-
szé+sugarzas altal torténd maggerjesztés folyamatat tekintjuik
at. Roviden ismertetjuk és targyaljuk az e jelenségekre vonat-
koz6 1étez6 elméleteket és kisérleti munkakat.

BO3BYXAEHWUE HAAEP AHHUTUAAUMEN MNO3UTPOHOB. O603peBaeTcs
BO36yXAeHUs saep aHHUTUNsUuMein no3UTPOHOB. HOPOTHO onucuBawTCs
MW OUCKYTUPYWTCS CYylWecTByllWNEeCcss Teopunm U SKCNepuMeHTasbHblie
pa6oThl, OTHOCSAWMECS K AaHHOMY SIBAEHWI.

1. Introduction

The brilliant success of the Dirac theory [1] in predicting
the existence of the positive electron was confirmed by the
experimental discovery of the positron among the secondary par-
ticles produced by cosmic rays [2]. According to the Dirac the-
ory, this particle is represented as a hole In a sea of nega-
tive energy electrons. When an electron collides with a hole
representing a positron, a radiative transition of the electron
to an unoccupied negative energy state may take place. This
transition, called positron annihilation, causes the disap-
pearance of both particles and, iIn general, the appearance of
electromagnetic radiations, the total energy of which is given

*Talk at the ATOMKI seminar on Sept. 11, 1980.
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by E=E++E_, where E+ and E_ are the total energies (including
the electron rest mass) of the positron and electron, respec-
tively [3]-

From the conservation law of momentum, i1t follows that at
least two quanta should be emitted iIn positron annihilation
unless the electron is strongly bound to a nucleus. The most
probable process is the case where the positron comes to rest
before annthilation and which results iIn the emission of two
photons In opposite directions in the laboratory system. In
this case, each photon has an energy equal to moc2, where mo
iIs the rest mass of the electron and c is the velocity of
light in vacuum.

When an external field iIs strong enough to absorb the ex-
cess momentum, there are several special annthilation processes
expected P[], though their probabilities are small. If the
electron i1s strongly bound to a nucleus, such as iIn the case
of K-shell electrons in heavy elements, the electromagnetic
energy produced in annthilation can be emitted iIn the form of
only a single photon, because the nucleus 1is available to take
up the excess momentum. This sinlge-quantum annihilation (SQA)
has been studied both theoretically and experimentally [5].

As a competitive process of SQA, another process can be
considered by which a positron annithilates without the emission
of radiation. This mode of annthilation, called radiationless
or zero-quantum annithilation (ZQA), occurs when the SQA takes
place with one of the K- or L-shell electrons and when simul-
taneously the excess energy liberated i1s used to eject another
electron from the atom concerned, just like as the atomic Auger
effect. The experimental evidence of this process was estab-
lished by the present author [s].

There i1s an alternative mode of annihilation without the
emission of radiation. When the energy released in annihilation
process is of just the same amount as the excitation energy of
the target nucleus, the nucleus can be excited by absorbing
this energy, iInstead of being radiated as a photon, In a manner
similar to nuclear photoexcitation. Thus the positron with
insufficient energy to excite a nucleus by collision process
can excite the nucleus through annthilation process with a
strongly bound electron. In the present paper, this mode of
annihilation i1s discussed iIn detail.

2. K-shell annihilation with nuclear excitation

In 1951, Present and Chen [7] proposed a new mode of anni-
hilation, in which a positron annihilates with a K-shell
electron and the excess energy liberated iIn the annihilation
process is given to the nucleus with iIts subsequent excitation.
In this way, the positron annithilates without emission radia-
tion. This process may be called nuclear excitation by posi-
tron annthilation (NEPA). They have calculated the cross sec-
tion for the excitation of the 115In nucleus to the principal
activation level to be ™10_2ecmz for an iIncident positron with
total energy E+=1.10 moc2.
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The NEPA process may be described as a transition of an
electron from an orbital state into a vacant negative energy
state iIn the continuum corresponding to the incident positron,
accompanied by a nuclear transition from the ground state into
an excited level. The diagram for this process is shown iIn
Fig. 1(a). According to Pressent and Chen [7], the NEPA
process can be considered as the reverse of internal conversion
[Fig.- 1(b)], 1T we neglect the fact that the energy states are
negative. However, it is better to consider that the NEPA 1is
the reverse of monoenergetic positron emission [Fig. 1(c)],
which has been observed in the nuclear decay of radioisotopes

[8].

Fig. 1. Diagrams for (@ nuclear excitation by positron annthilation,
(®) intemal conversion and (C) monoenergetic positron emission.

Neglecting the recoil energy of the nucleus, the energy
liberated In annihilation and used to excite the nucleus can
be expressed as

n'Yy 2@C2"BK ~ (@B

where Ep i1s the kinetic energy of an incident positron and B«
iIs the binding energy of the K-shell electron iIn the target
atom. When W is just the energy difference between an excited
level and the ground state of the nucleus, the NEPA process can
take place. This resonance character is a distinct feature of
the NEPA.

In usual experiments on positron annthilation, a mono-
energetic beam of positrons 1iIs used to irradiate the target
and annihilation process is identified by observing the radia-
tions resulting from annihilation. However, in the case of the
NEPA, the special experimental method should be used. In this
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annihilation mode, the nucleus i1s only excited and ho radia-
tion 1iIs emitted. The excited nucleus may emit radiations in the
course of de-excitation, but i1t i1s very difficult to detect
these de-excitation radiations during positron irradiation
because they are masked by the predominant radiations due to
other annithilation modes. Therefore, it iIs advantageous to
separate positron irradiation from detection of de-excitation
radiations, 1.e. the induced activity of the target due to the
NEPA process is measured after the end of positron irradiation.
This procedure iImposes some restrictions for the target nu-
clides. The target nucleus should have the excited levels which
de-excite via a meta-stable state and the life of this meta-
stable state should be considerably long. There are several
nuclides in which the (y,y>) reaction has been observed by
photon irradiation. For such nuclides, we can detect the NEPA
process by observing an isomeric transition from the meta-
stable state.

Furthermore, 1t should be noted that the NEPA process has
a resonance character and the resonance width iIs very narrow,
in the order of nuclear level width of the excited level. In
this case, 1t Is of no use to make the iIncident positron beam
monoenergetic by the use of magnetic R-ray spectrometers, be-
cause the positrons have continuous energy distribution in the
target In a consequence of energy-loss straggling and most of
them are out of the resonance level width. Considering these
facts, i1t is favorable to irradiate the target directly by the
positron source and make the solid angle subtended by the
source to the target as large as possible.

3. Theoretical estimation

The mechanism of the NEPA process is a complete retarded
interaction between the electron and the nucleus. However, for
simplicity, Present and Chen [7] assumed that the process
occurs In two steps; a positron annithilates with a K-shell
electron and the nucleus is excited by absorbing the excess
energy liberated. Then the NEPA cross section can be factored
into the product of a cross section for the annihilation
process and a probability of nuclear excitation by the photon.
The latter is the ratio of the nuclear photoexcitation cross
section to the maximum absorption cross section of the nucleus
for the photon. Assuming the nucleus to act as a black body,
the maximum absorption cross section for a photon of 2”-pole
radiation with the propagation number kK is given by (£+1)TK 2.
When the upward transition from the ground state to the excited
level 1s 2* pole, the NEPA cross section is expressed as

C=,aaq[aph/ (2™ +f)mk-2] , @)

where aaq i1s the positron annihilation cross section with a
K-shell electron with emission of a spherical wave converging
on the nucleus and aph i1s the photoexcitation cross section.
In the absence of an adequate nuclear theory, is usually
baker ;rom the measured value.
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On the other hand, Present and Chen [7] derived an analyt-
ical expression for aaq iIn the Born approximation for aZzZ<<l.
Here a i1s the fine structure constant. Using Dirac wave func-
tions and after some approximations, they found

aaqura223 (e2/rU c2)2 (G2+2C+3)(C+1)-92(C-1)"Va , 3)

for electric dipole (El) transition,, where £:(Eo+m002)/moc2-

Following the method of Present and Chen, Watanabe et al. [9]
obtained similar expressions for other multipole fields:

agy=" Tre2Z3 (e2/mze2)2 (G+1)~1v*( 1)V*(G2+G+3) , 0

for electric quadrupole (E2) transition and

a =Tree Z3 (e2/mU c2)2U +1)77£4U-1 )Va , o)
for magnetic dipole (MI) transition.

Recently Grechukhin and Soldatov [10] calculated the NEPA
cross sections for 115In and 235U, within the framework of the
transition current and charge scheme. The wave functions of
the K-shell electron and incident positron were obtained by
solving Dirac equations for the relativistic Hartree-Fock-
Slater central potentials. For the nuclear part, they used the
single-particle Weisskopf nuclear transition matrix element.
The calculations were made for EO, EI, E2 and MI multipoles and
the results were found to be much smaller than the two-step
model of"Present and Chen, Eg. [2]-

4. Experimental studies

Experimental studies on the NEPA process have been reported
for several nuclides and the partial level diagrams for these
nuclides are shown in Fig. 2. The first experimental evidence
of this process has been established by Mukoyama and Shimizu
[11] for 115In in 1972. We irradiated a natural indium foil by
positrons from a 7-mCi z2Na source. The evidence of the NEPA
process was confirmed by observing the conversion electrons
from 115mIn after positron irradiation. The induced activity
was measured with a coincidence-type low-background B-ray
spectrometer. This consists of a large plastic scintillator
and a small disc-shaped G-M counter which i1s mounted in a hol-
low cut at the lower surface of the scintillator. The iIndium
foil was placed under the G-M counter and the pulses from the
scintillation detector gated by the G-M pulses were recorded
by a multichannel pulse-height analyzer. The spectrum of the
conversion electrons due to the NEPA was observed as a dif-
ference of the counting rates of the indium foil before and
after positron irradiation. We found a small but distinct peak
at the expected energy iIn the electron spectrum.
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The effective cross section was estimated from the observed
peak. This cross section is defined as the cross section for
the total number of positrons incident on the target irre-
spective of their energies. The effect of finite target thick-
ness for conversion electrons was evaluated by solving an
g!egtron transport equation with a semi-infinite boundary con-

ition.

K®V
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o 1330
1150

3/2 51% ﬁ

3/t 5/2* 740
5/2* «20

]ﬂ( 3»« 457 m
-l 245

v
&y
Fig. 2 Partial level diagrams of the nuclides i1n which the NEPA
process has been observed. The transitions relevant to the experiment

are showmn by the arrons. Data are taken fron the corresponding references
cited below (see the text).

As 1t can be seen from Fig. 2, there are two excited
levels iIn 11 5In which are known to cascade down to the 336-keV
isomeric state. We neglected the contribution from the 1464-keV
level and estimated the NEPA cross section for the 1078-keV
level, because the number of positrons sufficient to excite
the higher-energy level is supposed to be small. Then the
Ccross section can be given by

a=aeff/n , ()

where oeff is the effective cross section and n iIs the ratio

of the fraction of positrons within the interval of the reso-
nance level width of the excited level. Assuming the positron
spectrum emitted from the thick 22Na source to be the same as

94



that from a thin source, the energy spectra of positrons inside
the target were estimated from those after passing through thin
foils of various thicknesses corresponding to distances from

the target surface. The value of n was evaluated by using these
energy spectra and o was found to be of the order of 10 2km2.

Watanabe [12] investigated the NEPA process by observing
the 336-keV y rays emitted from the isomeric state 1ismin. For
this purpose, he used a high-resolution Ge(Li) detector. It 1is
advantageous to detect y rays, because the primary source of
the background in the experiment of Mukoyama and Shimizu is
due to the natural B radioactivity of the indium foil. Another
advantage consists In the fact that the energy-loss and at-
tenuation effects iIn the target are negligible for y rays. The
NEPA process was observed by the use of two positron sources;
a 20-mCi 22Na source and a 1-Ci @Cu source. In the case of
the 6MCu source, the energy spectrum of positrons emitted from
the source was measured with a double-focusing (B-ray spec-
trometer. Other experimental procedures are the same as those
of Mukoyama and Shimizu [11]. The cross sections obtained with
two sources are iIn agreement with each other within the ex-
perimental errors.

Watanabe et al. [9] improved their previous experiments
[11,12], and obtained more accurate cross sections for the
NEPA. A much stronger 61,Cu source of about 10 Ci was produced
by nuclear reactor and used as a positron source. After
positron irradiation, the 336-keV y rays from 115mIn were
measured by a Ge(Li) detector. Fig. 3(a) shows the y-ray spec-
trum of a natural iIndium foil after irradiation iIn a 700-Ci
60Co irradiation facility. In this case, the isomeric state is
produced by the (y,y’) reaction. In Fig. 3(b) the same y-ray
spectrum induced by the NEPA process i1s shown. The theoretical
values of the NEPA cross sections for the 1078-keV (E2) level
and for the 1464-kevV (M1) level were calculated by the two
step model described above and the ratio of the cross section
for the former level to that for the latter was evaluated and
found to be 0.028. Using this value and oeff, the NEPA cross
sections for these two levels were obtained separately.

Similar measurements of the NEPA cross sections have been
made by Vishnevskii et al. for 11s5In, 113In and 111 Cd [13],
by Watanabe et al. for 111 Cd [14] and for 176Lu [15]-. In the
experiment of Vishnevskii et al. [13], three foils of the
target material were sandwiched between each pair of four e*Cu
sources and positron irradiation was made with high efficiency.
They determined the cross sections for 115In and *13ln, but for
111 Cd only the effective cross section was estimated because
the excited level of this nuclide was not clear. On the other
hand, Watanabe et al. [14] considered the excited level of
111 Cd to be 1330 keV. In the y-ray spectrum they found a sug-
gestion of a peak at the energy corresponding to the isomeric
transition, but they did not accept it as a definite observa-
tion of the formation of the isomeric state because of the
poor counting statistics. They set only the upper limit of the
NEPA cross section for this nuclide.
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Fig. 3. Observed spectra of y rays fron a natural indium foil.
(@ After irradiation by y rays in a 700-Ci 60Co irradiation facility,
by (v,y») reaction, () After Irradiation by positrons from a 60
source, by the NEPA process.

In the case of 17e6Lu, Watanabe et al. [15] observed the
88.35-keV y rays of the daughter nuclide 176HFf (cf. Fig. 2).
Since this y ray 1is also emitted following the ground-state
decay of 17eLu, a special care was taken to estimate the area
under the peak iIn the y-ray spectrum. The induced activity due
to the NEPA was obtained as the difference between the photo-
peak areas of the lutecium foil before and after positron ir-
radiation. Although the excited level of the 176 Lu nucleus is
not clear, we assumed that only the 1083-keV level can be ex-
cited by the NEPA and estimated the cross section for this
level.

All the measured cross sections are listed iIn Table 1. The
energy of the excited level, the positron source used and the
employed experimental method are also shown iIn the table. It
is clear from the table that all the values for the 1078-keV
level in 115In agree well with each other within the experi-
mental errors and that the value for 113In and the upper limit
for 111Cd are somewhat smaller than these values, but in order-
of-magnitude agreement with them. The largeness of the value
for the 1464-keV level in 115In can be ascribed to the fact
that the multipolarity of the upward transition to this level
prom the ground state is M1. On the other hand, the high value
for 176Lu may be supported by the large photoexcitation cross
section of this nuclide [16]. However, all the measured values
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Table 1. Measured values of the NEPA cross section.

Nuclide Level Positron Method Cross section Ref.
ke\V) source (can2)

115In 1078 22Na e- N 10-29 cil]

1078 22Na Y (4.613.2) X 10-29 [12]

1078 69Cu Y (8.714.2) X 10-29 [22]

1078 69Cu Y (3-911.4) X 10-29 [ 9]

1464 69Cu Y (1.410.5) X 10-22 [ 9]

1078 STeY Y (4.812.1) X 10-29 [13]

1131In 1129 69Cu Y% (1.911.0) X 10-29 [13]

11 XCd - 69CuU Y Oeff only [13]

1330 6,1Cu Y < 8.6X10-25 [14]

176Lu 1083 6Cu Y (9.013.2) X 10-22 [15]

in Table 1 are one or two order of magnitude higher than the
calculated values iIn the two-step model.

The possible reasons for the large discrepancy between the
measured and calculated values are considered to be the follow-
ing: First, the theoretical values were calculated by the two-
step model, which i1s based on many assumptions. Moreover, they
were estimated by using the measured values of cIp®. Second,
the positron spectrum inside the target was estimated from the
spectra of positrons passing through the thinner foils. This
corresponds to the neglection of backscattering effect In the
target. For thick targets, this assumption is not so good.
Third, other excited levels also may exist which de-excite to
the 1i1someric state. Finally, in order to estimate both theo-
retical and experimental cross sections, we used many nuclear
parameters of the excited level as well as the photoexcitation
cross section. The number of experiments for these values 1is
not so large and the experimental errors are sometimes very
large. The experimental values scatter each other.

There are many other nuclides iIn which the (y,Y5) reaction
has been already observed. 77Se, 79Br, 87Sr, 103Rh, 107Ag,

10 9Ag, 135Ba, 180HF, 181Ta, 1810s, 19®0s, 199Hg and 209Pb. It
iIs hopeful to try to observe the NEPA process for these
nuclides. For this purpose, experimental studied on the nuc-
lear parameters of the excited levels iIn these nuclides, such
as energy, spin, parity, multipolarity of the upward transition
from the ground state and branching ratio to the isomeric
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State, should be performed with accuracy. It is also important
to measure the photoexcitation cross section for these nuc-
lides.
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RANGE AND REL DATA FOR LIGHT AND HEAVY TONS IN CR-39,
CN-85 AND PC NUCLEAR TRACK DETECTORS

GY. ALMAS| AND G. SOMOGYI

Institute of Nuclear Research Debrecen, Pf. 51. Hungary

Range-energy and restricted energy loss (REL)-energy data
are calculated for light and heavy 1ions over the energy inter-
val 0.02-20 MeV/nucl in CR-39 (allyl diglycol polycarbonate),
CN-85 (Kodak-Pathé cellulose nitrate) and PC (bisphenol-A
polycarbonate) nuclear track detectors which are being exten-
sively used 1in many applications. The method used to generate
the range and REL data in any stopping material of known com-
position is briefly outlined. The calculations are based on one
of the popular semiempirical formalism used for the analysis
of nuclear tracks in solids, as described by Henke and Benton
(1967). The calculated data are listed for some representative
ions (1H, “He, 12C, 20Ne, S6Fe and 238U) which may be reason-
ably used in determining the response Tfunction of polymeric
nuclear track detectors. The REL data are given when using
various Wg values between 0.1 and 1 keV. These may promote to
find the best response curve for the recently found track de-
tector material of CR-39 of unique sensitivity.

HATOTAVOLSAG ES REL ADATOK KONNYU ES NEHEZ 10NOKRA CR-39,
CN-85 ES PC NUKLEARIS NYOMDETEKTOROKBAN. Hatotavolsag-energia
és korlatozott energiaveszteség (REL)-energia adatokat szami-
tottunk ki a 0.02-20 MeV/ate energiatartomanyban, koénnyld és
nehéz ionokra, CR-39 (allil-digliko I-pol ikarbonat), CN-85
(Kodak-Pathé celluld6z nitrat) és PC (biszfenol-A pol ikarbonat)
nuklearis nyomdetektorokban, amelyeket az utébbi idbében széles-
koérben kezdenek hasznalni. A szamitasi mddszert, amelyet a haté-
tavolsag és REL adatok tetszé6leges, 1ismert Osszetétell anyagok-
ban wvaldé meghatarozasara hasznaltunk, roviden koérvonalazzuk. A
szamitasok a Henke és Benton (1967) altal leirt félempirikus
formalizmuson alapszanak, amelyet gyakran hasznalnak szilard
anyagokban a nuklearis nyomok analizisére. Sz&amitasi eredmé-
nyeinket néhany olyan tipikus 1ionra vonatkozdéan adtuk meg,
amelyek mlGanyag nyomdetektorokban Qlehet8séget nyujthatnak a
val asz-fuggvény meghatarozadsara. A REL adatokat a 0.1-1 keV
tartomanyba es6 kuldénb6zd wc értékekkel szamolva adtuk meg. Ez
elé6segitheti a legjobb val aszfiggvény meghatarozasat a nemrég
felfedezett, nagyérzékenységl CR-39 nyomdetektor esetében.
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OAHHBIE TMPOBEMA W "REL™ ANA JIEMHBIX W TAXEMBIX WMOHOB B ALEPHbLIX
TPEHOBbIX AETEHTOPAX CR-39, CN-85 W PC. [aHHble [ 3aBUCUMOCTU
npo6era v OrpaHWYEeHHOM YyAEeNbHOW 3HEepPreTUYecHoOW MnoTepu OT 3Hep-
MM pacumTaHbl ONA NerHolX N TAXe/biX WOHOB B MHTEpBasie 3Heprum
0,02-20 MaB /HYKNn B c/iydae SAfepHbiX TPeHOoBbiX aeTeHTopoB CR-39
(allyl diglycol polycarbonate), CN-85 (Kodak-Pa+hé cellulose
nitrate) u PC (bisphenol-A polycarbonate), nonyduBwMX B Mnoc-
nepHee Bpemsa WUPOHOE MpUMEHeHMe. HpaTHO onucaH MeTon pacyeTa
AaHHbIX npobera m "REL™ B nwbom BelecTBe C WU3BECTHbIM COCTaBOM.
PacueTbl OCHOBbLIBATCA Ha MOJyaMnupuyecHom gopmain3ve [eHke u
BeHToHa (1967), KOTOpLIA 4YacTO MWCNOAb3YyeTCA [NA aHam3a SAAepHbIX
TPEKOB B TBepAbIX Tenax. PacumTaHHble AaHHble TabynmpoBaHbl 415
HECKOJIbHUX TWUNU4YHbIX uoHoB (1H, e, 12C, 20Ne, seFe, 23s8l),
KOTOpble MOXHO WCMNOMb30BaTb /1A onpeAeneHns (QyHHUMN XapaKTepuc-
TUKN MOJSIMMEPHBIX SAAEPHbIX TPEKOBLIX AeTEeHTOpoB. [aHHbie "REL™ 6bun
pacunTaHbl C pacCcMOTpeHMeM pa3HbiX Wo B UHTepBasie 0.1 m 1 Ka3B.
3TO faeT BO3MOXHOCTb MOJIyYEHUS Haunydwen ¢(YyHKUUKM XapaKTepUCTUKU
HeAaBHO OTKPLITOro, BbICOKOYYBCTBUTE/IBHOIO TPEKOBONo JAeTeKTopa
CR-39.

1. Introduction

The knowledge of the energy loss responsible for the etchable
nuclear tracks and of the range-energy relation of nuclear
particles is an essential requirement in almost all the fields
when using any nuclear track detector. To meet this need a
computer programme has been developed which can be used for the
calculation of range and energy loss data for any ion entering
a given track detector of known chemical composition. In our
calculations, as an energy loss responsible for the selective
etchability of the damage zones produced along the particle
trajectories iIn dielectric solids, the so-called restricted
energy loss (REL) 1is considered (see the report by Benton,
1968) .

In our present report computed range and REL data are given
for some representative light and heavy i1ons over an energy
interval 0.02-20 MeV/nucl., i1n which interval studies are
frequently performed with using polymeric nuclear track de-
tectors. The above data are computed for the chemical com-
positions related to the CR-39, CN-85 and PC track detectors.
Request for such information have arisen In many recent works,
especially for the case of the newly developed CR-39 and CN-85
(Kodak-Pathé product) detector materials. The urgent need of
range-energy and REL data is particularly true iIn the case of
CR-39 track detectors of unique sensitivity, which are being
effectively utilized In more and more wide Tfield of applica-
tions. The data computed for PC detector are listed only for
the sake of comparison.
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2. Outline of the range calculations

Our range calculations are based on a semiempirical theo-
retical model presented by Barkas and Berger (1964) and modi-
fied and extended by Henke and Benton (1967). The uncertainty
in the range data obtained by such a calculation formalism,
according to the iIndependent set of measurements performed in
the energy interval 1-10 MeV/nucl 1s smaller than 2 % When
using this calculation method, the range of different ions at
a given velocity v=Rc, can be derived from the relationship

R(O) =77 [A(B) + Bz(®)]

where A() is the range of an "ideal”™ proton (i.e. a proton
with no charge neutralization near the stopping end of the
trajectory), Bz(®) is the generalized range extension caused
by charge neutralization as the 1on comes to rest, M and z are
the mass and charge of the i1on In the units of the proton. The
expressions A(R) and Bz() can be computed from the equations
(6.15) and (6.18) given In the report by Benton (1968).

3. The REL calculation

In polymeric nuclear track detectors the restricted energy
loss or REL-model has proved to be sufficiently good to char-
acterize the etching behaviour of the damaged zones produced
along nuclear tracks. In this model it iIs assumed that only
knock-on electrons with energy smaller than a given maximum
value uo can play dominant role In causing etchable radiation
damages. In the model, wo Is considered as a fitting parameter.
In our present report for the calculation of REL (WO) values
we used the formulae (see the report by Somogyi et al. 1976)
as follows

B" (B)d-R2)z2

RE L= «JREL2=REL1-A1, if 1170
REL3*REL1-REL2+A, if n1+A2<REL2
where
the equations
(1968),
0)
V  KnZeff " zt -B2)"

an=2knz Zep B-2(N ?‘Z C®Y).
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K*ZTTeVmec2“2-55 10-25 MeV cm2,

n=pNA/<A/Z> electron cm-3,

z0f f«z[1-exp(-1253 7/ z /3)] ,

R2-1-C1+CE/931 .141 M)]-2,

@ =21ic282(1-32)-1

|~<NZ> E T(Z/h>; Bl g,

12 7 +7, if Z|<13
(V)= m
x1 9.76 7z +58.8 z0- VY if 7 <13
YA
f = 1 1
-V
5J 3

<A/Z>-1= Z T .<Z/A>. ,

T.C
CR)=<A/z> S -1-1 ,
i i
3 3
Ci= m%d =, @mn (B—z—l)nlq
z,M,E: the charge, mass and energy of the ion,
Y : number of the i1th component iIn the chemical formula of
the stopping material,
Z.,A.- atomic numbers and atomic weights iIn the stopping
material,
amn - can be found In the report by Barkas and Berger (196Y).
p : density of the stopping material.

In order to determine the response function (Vj/Vb versus
REL) of a given polymeric track detector, different authors
have proposed the use of REL (WO) data computed with different
wo values within the energy interval 0.1-1 keV. To choose the
most suitable REL(mO) data for fitting the experimental data

for CR-

39 track detectors we have listed below the REL data

calculated at five representative values of the wo parameter.
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1.509E+00
1.654E+00
1.795E-400
1.924E+00
3. 1130
4_.182E"N00
5.208E+00
6.218E+00
7 .228E+00
8.2466»>00
9.277E+00
1.032E+01
1.139E-+01
2.337E+H01
3.7766-101
5.48/E<01
7 .480E<01
9.760E+01
1.233E->02
1.520EH02
1.837E+02
217872
2_537E+02
2_923E+02
3.335E+02
3.775E+02
4 _240E+02
4_732E+H02

5.250E+02
5.794E102

6.34E<(2
6.959E+02

==
3.670E-01
5.407E-01
6.769E-01
7.937E-01
1.167E-400
1.465E+00
1.725E+00
1.961E+00
2. 1796-100
2_.384E-400
2_579EH00
2_.765E+00
2_M5E-00
4.512E+00
5.865E+00
7_117E+00
8.311F+00
9.468E* 00
1.054E+01
1.160E-01
1.264E01
1.366E+01
2_350E+01
3.371E01
4 .456E+01
5.633F+01
6.911E<01
8.297E+01
9.796E+01
1.141E+02
1.312E02
1.490E+02
1.078F+02
1.870E+02
2_085F+02
2_303E+02
2.531E-102
2. 7TRE-J02
3.018E+02
3.276E+02
3.544E+02
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HI
5.82BE402
6.580E+02
7 .094E"MN02
7 .450EMN02
8.207E+02
8.526EM02
8.670E+02
8.723E+02
8.724EK2
8.692E+02
8.637E+02
8.569E+02
8.613F—>»02
5.919E+02
4 _400E+02
3.557E+02
3.016E+02
2.634E+02
2.348E—<02
2.125E-102
1.946EMN02
1.797E+02
1.083E+02
7.853E» 01
6.165-101
5.060E+01
4_311E+01
3.793E+01
3.390E+01
3.008E+01
2.805E+01
2 .585E101
2.398E+01
2.239E01
2 . 100E+01
1.9/8&<01
1.871E+01
1.77/5E+01
1 .690E+01
1.612E+01
1.543EH01

KEL @,=300 eV)
IN C12-H18-07 (CR-39) IN MeV cm”™g-1

HE4
1.105E+03
1.343E+03
1.503E-103
1.618E+03
1.885E403
2.019E+03
2.096E03
2.144E+03
2.1736+03
2.189E103
2.197E+03
2.19%*+03
2.195E+03
1.878E+03
1.600E+03
1.434E+03
1.237E+03
1.005E+03
9.661E-<02
8.706-: 02
7 .953E+02
7.325E+02
4 _354E+02
3.147E+02
2.468E+02
2.027E+02
1.725E+02
1.5176+02
1.356E-02
1.2271.+02
1.122E+02
1.034E102
9.594E+01
8.954E+01
8.399E+01
7.913E+01
7.484E+01

7. IE-FO1
6.759E+01

6.450E+01
6.170E+01

Cc12
2 .568E+03
3.287E+03
3.757E+03
4_105"03
4 _957E+03
5.433E+03
6.070E403
6.467E+03
6.785—+03
7 .045E+03
7.262E103
7 .444F+03
7 .598EN03
7 .555E+03
7.048E-103
6.638E+03
6.280E+03
5.961E+03
5.674E+03
5.412E+03
5.174E403
4 _956E+03
3.578E+03
2.785E+03
2.2636-103
1.858E"03
1.575+03
1.380E+03
1.229E+03
1.1UE+03
1.015E103
9.340E402
8.660E02
8.077E+02
7.573E+02
7.132E+02
6.743E+02
6.397E-102
6.088E+02
5.809E-102
5.565<02

NE20
3.392E+03
4 _502E+03
5.268E03
5.861E-03
7 .433E-03
8.412F403
9.1126+03
9.646E103
1.007E+04
1.042E+4
1.071E<(4
1.095E«4
1.165+04
1.2456+04
1.223E+04
1.201E+04
1.175+4
1.148E+04
1.12E<04
1.091E+4
1.066:04
1.034E+4
8.174E-103
6.640E+03
5.544E+03
4 _732E03
4 _129E+03
3.696E+03
3.347E+H03
3.060E+03
2_.819E+03
2.615E+03
2.480*+03
2.263+03
2. 121138
1.996E+03
1.886E+03
1.788E+03
1.701E)03
1.622E+03
1.5506+03

FES6
5. 164E+03
7.120E+03
8.556E+03
9.726E+03
1.311E+04
1.549E+04
1.737E+04
1.892E104
2.025E+04
2 141E+04
2 . 2455404
2.338E+04
2.422E+04
2_670E-J04
2. 68104
2.70CE+04
2. 720E104
2_726E104
2.899EH4
2_95E-104
2.993E+04
3.024E+04
3.065-104
2.866F+04
2.623E104
2385404
2. 176Et04
2.008EI04
1.862E104
1.733E+04
1. 6104
1, 521E+04
1.433E+04
1.354E%04
1.284FE+04
1.221F404
1.163E+04
1.112E+04
1.064EHO4
1_021E104

9.815E+03
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IN C6-H8-08-N2 (CN-85) IN ym

1=80.2, <A/Z>=1.934, p=1.52 gxcn-3

HI
4.965E-02
7.930E- 2
1.059E-01
1.309E-01
2.235E-01
3.111E- 01
3.968E 0L
4.819E-01
5.668E-01
0.520E- 01
7.376E-01
8.238E-01
9.104E-01
1.897E-J00
3.130E-1 00
4.614E+00
6.307E+00
8.208E+00
1.081E-101
1.261E+01
1.509E+01
1.776E+01
5. 424E401
1.063E+02
1.733E+02
2.553E+02
3.521E+02
4.638E+02
5.904E+02
7 .320E+02
8.833E+02
1.046E103
1.220E103
1.407E+03
1.600C+03
1.818E*03
2.041E+03
2 276E-103
25701 03
2.781E103
3.050E-1 03

HE4
1.020E—01
1.613E-01
2.120E-01
2.581E-01
4.220E-01
5.700E-L
7.121F 01
8.497E-01
9.852E-01
1.1196-J00
1.253E+00
1.386E+00
1.519E+00
2.885E-400
4.350E-100
5_933E/00
76526100
9.563E400
1.167E+01
1.396E+01
1.645E+01
1.9125-101
5.580r—1 01
1.076E102
1. 74TE+O2
2_566E-102
3.535E-102
4.652E102
5.918E42
7 .334E02
8._84/E102
1.047E103
1.220F+03
1.409E/03
1.608E/03
1.819)03
2_.042E+03
2_277E+03
2 524E+03
2.782E103
3.052EH03

C13
1.408E-01
2.201E-01
2.810E-01
3.350E-01
5.242E-01
6.897E 01
8.376E-01
9.753E01
1.106E+H00
1.231E+00
1.352E-100
1.470E00
1.5 1-00
2 .661E0
3.690E+00
4_720E+00
5.709E100
6.846E+00
7 .956E100
9.103E400
1.029E+01
1.151F-101
2.612E+01
4 _478E+01
6.758E01
9.502E101
1.273E+02
1.640E+02
2.068E102
2 5012
3.044E+02
3.53BE+H02
416602
4_79E-102
5.455E402
6.159E+02
6.903E-+02
7 .686E+02
8.508E-102
9.369E+02
1.027E+03

NE20
1.899E-01
2_803E-01
3.535E-01
4.178E-01
0.319E-01
8.125E- 01
9.760E-01
1.129E+00
1.275E+00
1.415E400
1.551Ei00
1.684E100
1.805EH0
2_925E+00
3.931E+00
4.894E+00
5.841E-100
6.785E+00
7.736E<Q0
8.697£>00
9.671E+00
1.066E-101
2.176E01
3.507E+01
5.081E-101
6.909E+01
8.999E-101
1. 136102
1.39CE+02
1.688E+02
1.996E+02
2.322E+02
2.673E102
3.048EH02
3.447E0?
3.870EH02
4.317E+02
4_TSTE-102
5.280E+02
5.7VEEIO2
6.336E-102

FESG
3.426E-01
5.054E-01
6.331E-01
7.427E-01
1.092E+00
1.372E+00
1.616E+00
1.837E400
2.042E+00
2.24E-100
2.417E+00
2.592E100
2.761E-00
4_231E-00
5.501E+00
6.6/2=-100
7.793E+00
8.877E-00
9.883E<00
1.008E01
1.185+01
1.280E401
2.204E-101
3.146r+01
4 150101
5.237E01
6.415+01
7.692E401
9.071E01
1.056E+02
1.211E402
1.373E102
1.545C+02
1.726E:02
1.9165-102
2. 115402
2.323E+02
2 .540E02
2. 766102
3.001E-102
3.244E+02
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HI
5.051E+02
5.937E+02
0.423E+02
6. 741E102
7 .369E+02
7.613E-102
7.716EN02
7 . T48E+02
7.7TA0E+02
7. 708E+02
7 .660E+02
7 .601EHO2
7 .641E+02
5. 284E+02
3. 947E+02
3.209E"2
2. T34E+02
2.398E+02
2. 145E02
1 .946E+02
1.785l 02
1.651E»02
9.972E+01
7.257E+01
5.707E+01
4.691E0L
4.008E-401
3.531E+01
3. 160E+01
2.863E—<01
2.619E101
2_.416E+01
2.243E101
2.095E01
1.966E»01
1.853E01
1.753E01
1.664E+01
1.584E+01
1.512E+01
1.447E-101

REL (=300 eV)
IN C6-H8-08-N2 (ON-85) IN MeV cmexg-1

HE4
9_881E-102
1.223E-103
1.371E+03
1.4759=—=<03
1.709E+03
1.824E"3
1.890C+03
1.930E+03
1.954E103
1.967E+03
1.974E+03
1.975EH03
1.973E-03
1.685E+03
1.440E-103
1.297E403
1.124E-403
9.898El02
8.83F-102
7 .9S2E+02
7.304C+02
6.730E"N02
4_010E+02
2. 908102
2.284E-02
1.877E+02
1.003E-02
1.413E+02
1.264E-:02
1.145E+02
1.048E+02
9.663E+01
8.972E-101
8.378F401
7 .863E+01
7.4116+01
7.011E101
6.655E+01
6.337E-01
6.049E+01
5.788E01

C12
2.344E+03
3.015E+03
3.448E!103
3.766E-03
4 _541E+03
4 _970E3
5.547E+03
5.905E103
6.192E103
6.426E-103
6.622E:03
6.786E+03
6.926E+03
6.850E+03
6.376E-103
6.009E"03
5.695E-03
5.417E+03
5.167E+03
4 _938EN3
4. 726EK03
4 _535E"03
3.290E103
2_.574E03
2.097E+03
1.722E7°03
1.465M+03
1.286E+03
1.146E-03
1.037EKN3
9.476E+02
8. 73dE:-02
8.099E+02
7 .558E+02
7.090E+02
6.680E+02
6.318E+02
5.996E+02
5.70SE12
5.448E+02
5.213E+02

NE20
3.109E+03
4 _135E03
4 _840E+03
5.3E103
6.822EH03
7.7156+03
8.352E103
8.838E+H33
9.224E703
9.539E+03
9.801E-03
1.002E"4
1.066E+04
1.133"4
1.109="04
1.087E04
1.065E+4
1.0426+04
1.0176+04
9.922E103
9.673E03
9.426E+03
7.4C5E+03
6.109E+03
5.115E03
4_373E-103
3.833E03
3.438E+03
3.118E+03
2.854E+03
2.633E+03
2_.445E03
2.269E+03
2.118E-03
1.986E+03
1.870E-03
1.76CE+03
1.677E+03
1.595E+03
1.521E103
1.454E703

FES6
4_745+03
6.546E+03
7.867E+03
8.H2F<(3
1.205H04
1.424E104
1.596E04
1.738E>x04
1.860E+04
1.9657E-104
2.061E+04
2.14f£+04
2.224E-104
2.436E+04
2.438E 14
2 .M4F~<«04
2 .456E+04
2.460E104
2_61VE+4
2_667E+04
2_706E+04
2_735E+04
2_781E+04
2.615E+04
2.401E+04
2.188E+04
2_004E+04
1.84604
1.722E+04
1.605E+04
1.503e™"H4
1.4126+04
1.332E404
1.260-104
1.196E-4
1.138E+H4
1.085E-4
1.037E+04
9.939E+03
9.541E+03
9.17503



ENRG./NUC
(MEV/AMU)
0.0025
0.0050
0.0075
0.0100
0.0200
0.0300
0.0400
0.0500
0.0600
0.0700
0.0a00
0.0900
0.1000
0.2000
0.3000
0.4000
0.5000
0.6000
0.7000
0.8000
0.9000
1.0000
2.0000
3.0000
4.0000
5.0000
6.0000
7.0000
8.0000
9.0000
10.0000
11.0000
12.0000
13.0000
14.0000
15.0000
16.0000
17.0000
18.0000
19.0000
20.0000

RANGE
IN C16-H14-03 (FC) IN ym

1=69.4, <A/Z>=1.89%5, p=1.2 gxan-3

HI
7.790E-02
1.112E-01
1.416E-01
1.703E-01
2.762E-01
3.758E-01
4.7282-01
5.688E-01
6.645E-01
7.603E-01
8.567E-01
9.537E-01
1.051E+00
2.172EY4 00
3.601E*00
5.315E+00
7.297E<00
9.534E)00
1.202EHO1
1.474E+01
1.769E-101
2.0S7E+01
6.441E+01
1.264E+02
2.068E-102
3.052E-102
4.216E+02
5.558E-102
7.080E-1 02
8.782E+02
1.063E+03
1.259E-H03
1.470E+03
1.697E+03
1.938E103
2.194E+03
2 .465E+03

2.7502+03
3.049E103

3 .362E+03
3.689E+03

HE4
1.392E-01
2.072E-01
2.658E-01
3.193E-01
5.088E-01
6.797E-01
8.420E-01
9.995E-01
1.154E+00
1.308E+00
1.460E+00
1.612EKO0
1.764E+00
3.329E+0U
5.019E+00
6.8592+00
8.872Irnoo
1.112E101
1.3602<01
1.633E+01
1.928E+01
2.2462+01
0.6QUE+01
1.280E+02
2.084E+02
3.068E+02
4.232E+02
5.574E+02
7.096E+02
8.798E-102
1.064E+03
1.261E*03
1.472E+03
1.699EHO3
1.9402+03
2.196E-103
2.466E»03
2.751E+03
3.0502+03
3.364E+03
3.691E+03

C12
1.785E-01
2.638E-01
3.349E-01
3.987E-01
6.187E-01
8 .115E--01
9.835E-01
1.144E+00
1.295E+00
1.440E+00
1.581E-100
1.717EKO00
1.851E+00
3.099E+00
4.295E+00
5.497E+00
6.726E+00
7.991E+00
9.298E-100
1.065E+01
1.205E101
1.350E+01
3.088E+01
5.309E-i 01
8.043E+01
1.134E+02
1.522F102
1.9702+02
2.477E+02
3.044E-i02
3 .660E+02
4.314E+02
5.019E+02
5.773E+02
6.5782+02
7.431E702
8.333E» 02
9.283E+02
1.02INEHO3
1.132E+03
1.241E+03

NE2O
2.263E-01
3.319E--01
4 .174E-01
4.9262-01
7.429E- 01
9.537E-01
1.145E+00
1.323E+00
1.493E+00
1.656E+00
1.815E+00
1.969E-100
2 .111E+00
3 .415E+00
4.5G7E+00
5.7132+00
6.821E+00
7 .930E-100
9.047E+00
1.018E+01
1.133E+01
1.250E+01
2.565E+01
4.1462+01
6.027E+01
8.217E+01
1.072E+02
1.355E+02
1.671E+02
2 .019E-<02
2.394E+02
2.789E-102
3.2132-107
3.667E+02
4 . 151E+02
4.663E-» 02
5.204E+02
5.774E+02
6.373E+02
6.999E+02
7.654E+02

FE56
4.028E-01
5.934E- 01
7.428E-01
8.710E-01
1.280E+00
1.608E+00
1.8932+00
2 .151E+00
2.3912+ 00
2.616E+00
2.830E+00
3.034E+00
3.231E+00
4 .950E+00
6 .435E+00
7.809E+00
9 .119E+00
1.039E+01
1.157E+01
1.273E+01
1.38&+01
1.499E+01
2.588E-101
3.700E+01
4.892E+01
0.184E+01
7.589E+01
9 .112E+01
1.0762+02
1.254E+02
1.441E+02
1.637E+02
1.844E+02
2.062E+02
2.291E+02
2.531E+02
2.780E+02
3.045F+02
3.318E+02
3.601E-102
3.8962+02
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IN C16-H14-03 (FC)

HI
5.903E+02
6 .593E+02
7 .085E+02
7 .436E+02
8.188E+02
8_.507E+02
8.652E 102
8.7062»02
8.707E-402
8.675E102
8.621E+02
8.552E+02
8.596E+02
5.905E+H)2
4 .387E+02
3.545E+02
3.004E+02
2 .623El02
2 _.338E+02
2 . 115402
1.936E+02
1.788E-+02
1.077E+02
7 .809EHO1
6.1302+01
5.037E+H01
4 _285F+01
3.769E+H01
3.369E+H01
3.049E+H01
2.787E+01
2 .508E+01
2.383E+01
2.224E+01
2.080E+01
1.965E+01
1.858E<01
1.763E+01
1.078E+01
1.602E+01
1.532E+01

REL (u,=300 eV)

HE4.
1.109E+03
1.3402+03
1.498E+03
1.612E+03
1.878E—<03
2_012E+03
2_090E+03
2.137E+03
2.166E403
2_182E+03
2.1902+03
2. 192E+03
2_189E+03
1.872E+03
1.595E+03
1.429E-03
1.232E+03
1.080E+03
9.6162+02
8.0B4E+02
7_913EHO2
7.288E+02
4.331E+02
3.129E+02
2_454E+02
2_015E+02
1.714E-02
1.503E+02
1.348E42
1.220E+02
1.115E+02
1.027E->02
9.532E+01
8.806E01
S.344E+01
7_S01E+01
7.434E+01
7.054E+01
6.713E+01
6.407E+01
6.129E+01

IN MeV c™xg-1
C12 NE20
2.500F-:03 3.378E+03
3.2732+03  4.481E+03
3.740E+03 5.243E»03
4.086EH03  5.833E+03
4.934E+H03  7.397E+H03
5.408E+03 8.372E+03
6.043E+03 9.069E+03
6.43%E—>03 9.601E+03
6.755E+03  1.002E+04
7.0015->03 1.037/E-104
7.2302+03  1.060E+H4
742603 1.0902+04
7.5662+03 1.1602+04
7.5252+03  1.2402+04
7.022E+03 1.219e:04
6.613E+03 1.196E+4
6.256E+03 1.171E+4
5.937E+03  1.1432+04
5.049E1083 1.115E+04
5,303 1.086E+04
5.150E-03 1.058E+4
4.93F»03 1.029HM4
3.560E+03 8.135E+03
2.770E+03 6.605E+03
2.2502+03 5.514E»03
184103  4.7062+03
1.565E+03 4.105E+03
1.3726403  3.674E+03
1.21E-03 3.3262-103
1.104E-003  3.040E+03
1.008:03 2.801E+03
9.279E+02 2.598E+03
8.603E+02 2.4102-B
8.025E+02 2.24GE+H03
7.523E+02 2.107E+03
7.085E102  1.983E+03
6.698E+02  1.874E+03
6.355E+02 1.77//FB»03
6.4E>»02 1.689E+03
5.7/0E+02 1.611E+03
551902 1.540E"03

FES6
5.139E+03
7 .084E+03
8.513E+03
9.677E+03
1.305E+04
1.5465»04
1.728E+04
1.882E+04
2.015E+04
2.131E+04
2.233E+H4
2.0
2.410E+4
2.659E+H4
2.678E+HA4
2.698P—+4
2. 711E+04
2.717E+04
2.889E+H4
2. HA1E+04
2.982E+H04
3.013E+04
3.050E+04
2.863E-104
2.6102+04
2.3732+H04
2.1652+04
1.997E+4
1.851E+04
1.7232+04
1.611E+04
1.512E+04
1.4242+04
1.340E+04
1.276E+04
1.213E+04
1.156E+04
110804
1.058E+04
1.0156+04
9.752E+03
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REL
IN C12-H18-07 (CR-39) TOR HI AND HE4 IONS

Q=200 eV @) =300 eV @=500 ev Q,=1000 ev

HI HE4 CHI HE4 HI HE4 HI HE4
5.8285+402  1.1052+403 S.02SE+02  1.1058+03 5.8282+02 1.1052+03 5.828E+02  1.105E+03

1.5 7.0MEH2 2.125EH2  8.7068*02 2.365E+02 O.604EHR2  2.691EH2  1.0822+03
1776602 7.3108+02 1.9462+#02 7.953EH02 2.160E+H02 8.762E+02 2.4502+02 9. 861E+02
1.64M4E+02 0.740e+02 1.797BY02 7.3252+02 1.990E+02 8.0624#02 2.252+02  9.061E+(2
1.0068* 02 4.049+02 1.0832702 4.3545+02  1.180E+0? 4.730EH2 1.312FH02  5.261FK(2
7.3332401  2.941E+02 7.853EH01 3.1472+#02 8.502EH01  3.4062+02 9.334E01  3.757/EH2
5778501 2.313F2  6.16E*01  2.4682+02 6.6532401  2.6632%02 7.3156H01 2.927F<(02

177801 7.0802+401 1.871E*QL 7.484E+01 1.005E+01 7.981F°01 2.1648%01  8.656E+01
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REL
IN C12-H18-07 (CR-39) TOR C12 AND NE20 IONS

w,=100 ev %:2(1) ev %:g}) eV Lo ev C%:lO(D ev
Cl2 NE2D CI? NE2O C12 NE2O C17 NE2C C12
2 .568F1(B 3.% m5.560F+03 2.568EH083 3.32H03 256803  3.392FH03 2.55-103
3.28/EHB 4. 3.287/EH03 4.502BH03 3.287EH03 4.5028+03 3.287+03 4.502FH8  3.287F+03

3.75/E4083 5.2635H083  3.75TEHB  5.268<03 3.7/6/EHB  5.2685H083  3.75/K+03  5.268F03 3.757E<03
4.10554C3"  5.WAC+53" 4.106#03  5.861EH03  4.1055+08 5.861EH03  4.1056+03 5.861F+08  4.105E+03
4.957FEH03  7.4335#03  4.957H03  7.43B503 4.95/F03 7.4BH03  4.65EHB 743303 4.957E+03
5.433F+03 8A41E<B 5.43F03 8.41EM08 5433503 8.412EH03 5.433FH3  8.412F03  5.433E+03
6.0706#08 9.112e03 6.070e#03 9.1M2H(08 6.070#03 9.112F+03  6.0701408 9.112F+03  6.070E+03
6.2006103 9.29E+03 6.467E103 9.646HH03 6.40/E+03 9.646EH03 6.467E03 9.646E+03  6.467E+03
6.020<03 8.862EH03 6.785<03 1.00/E#H4  6.785C+03 1.007/E+04 6.7B5E03  1.007B+04  0.785+(03
5.880E+03 8.5/3/03  7.045E40B 1.042EH4 7.0458W03 100104 7.045E+03 i 042EH04  7.045E103
5. 790048 8.342H03 7. BEI103 1.071E04 7.2628#03 1.071EH04 72620403 1.071E-14  7.2628+03
5.7135+03 8.147/EH8 7A4ME<(B 1.005+Q4 74445403 1.05EH04  7.444E+03 1.0/5<04  7.4445+03
mT.TaP03" 8.4765+03 0B 112041 750803 1.165E+04 7.5080+03 1.165EH4  7.5985+03
5.336D03 8.638Et03 6.736E03  1.104<04 7.555E+03 1.245H04 8.323E"3 1.377/H+04 8.323F+03
5.1405¢08 8.824EH03 6.3445+03 1.09/8H04 7.0485+03 1.2E<04 7.936E03 1.3EI104 8.413F+03
4.6IF-103 8.900EH03  6.015H03 1.086E#04 6.6385+03 1.201EH04  7.422F+H03  1.3456+04  8.286<(03
4.7633 8.8865t03 5.720EN3 1.0/064 6.2ROBH03  1.17/=104 6.986EH08 1.300FMM4  7.94F*B
4.5795+03 8.810E03 5.45l03 1.0495+04 5.961E+03 1.1482#04 6.64F03 127204  7.476=-108
4 403E4B 8.693EH03  5.204H03 1.02/BH04 5.674203 1.12E104 6.2656+03  1.236EHM  7.0665+03
4.235F B 8.549E+08  4.978#03 1.04EH04  5.4120+03 1.091EH4 5.960Ei03 1.200E+04 6.7025+03

2.330E03 5.547E+03 2.617E+03 6.236E+03 2.785EH03 6.64C+03 2.097E”3  7.147TE+03  3.284F+(03
1.908E103 4.662E+#03 2.132FHB 5.2185H03 2.263F+03 5.544E4C3 2 42VE+H03 5.954F+03  2.6538+03
1.5676H03 3.992EH08 1.750=03 4.459E108 1.86F1083 4.732E1083 1.9930+03 5.076E<03  2.176E+03
1.3206#03 3.493E+03 1.484E+H03 3.8HEH3 1.5755H03 4.1296H03  1.689F403  4.425E+03 1.844R+03
. - 340403 1.FEIB 3.696803 1.479E+03 3.955E/3  1.613F+03
1.0426403 2.850E408  1.160F+03 3.163EH08 1.220BH3 3.347B+03  1.316F°3 3.578<08 1.434+{03
2.8%E3B  1.111EHB  3.08Et8B 1.18E103 3.2685+03 1.2955+03
i 2.ME03  1.015FH3  2.819E+03 1.085+03 3.008/03  1.180E-tB
7.950FHR 224808 8.830EH02 2.47/HH03  9.340FH02 2.615F408  9.981FH?  2.788F+03  1.085E+03
7.391E+02 2.081E"3  8.191F4Y02  2.299F108 8.660E+C2 2.426EH03 9.250E+02 2.5865+03  1.005E403
6.903F R 1.943503 7.644E"2  2.145=#083  8.07/EI02 2.263MM03 8.624E+02 2.411E"3  O_365EHR
6.480E4H2 1.822F03 7.170B402 2.01EH03  7.573M+02 2.121H03 8.082E<0? 2.260M+03 B.771E+02
6.110E+02 1.716E#03 6.7556+02 1.89G03 7.132E+02 1.996H03 7.608E-I2 2.127E+08, 8.253EHR
5. 783602 1.623E+03 6.339E+02 1.789HH0B 6.743EH02 1.83F-103  7.190B402  2.000E03T  7.796E+02
5.491F+2 1.5408#03 6.063E:02 1.697EH03 6.397B+02 1.78E+H3 i. . N
RIS 1AGE0s SRR T.614mG  eomoe Lrobes Sameds 1RES 782
4.995F0? 1.3085#03 5.509E+02 1.539CH08  5.809EH2 1.622E73 6 187E+02 1.7266#03  6.700E+02
4782+ 02 1.337/E+03  5.271H02 1.471E03 5.556EH02 1.550CH08  5.916EH02 1.649E403  6.405E+H02
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b|o—l(D eV
FT56 u23C
5.164E<03 8.232E+03
7.120BH03  1.1565+#4
8.55N03 1.408R M4
9.726E403 1.618EH4
1.311H04 2.257EH04
1.4%504 2.74E4
1.737/6#04  3.120B+04
1.8026+04  3.244+04
1.7626#04 3.107/E\4
1.7376+04  3.015E404
1.72Ne04  2.954E04
1.710 04 2.914E-04
1.706E+04 2.890E104
1.749+04  3.050B404
1.823E+04  3.422F+04
1.8M7E+04 3.821F+4
1.936F04  4.206E-4
1.9735+04 4.570E+04
2.174EH04  4.909E+4
2.25N04  5.224F+04
2.314+04 5.518F+4
2.3651404 5.79%04
2.543H04 7.743E+04
242004  8.7HME-t4
2.743EH04  9.355E+4
2.4 E+H04 9.621E<04
1.87X+04 9.717E+04
1.73004 9.723<0M4
1.608+04 9.65VE+H04
1.498E+04  1.010E-t06
1.401E-104  1.005E105
1.3166#04  9.958E+04
1.240+04 9.8361404
1.1736+04  9.692F+04
1.112E404  9.532E+04
1.0586H4  9.363E«4
1.008104  9.149E04
9.636E+H03 9.01N04
9.220E<03 8.832F+M4
8.857EH03  8.65-104
8.515EH03 8.479+4

REL

IN C12-H18-07 ((R-39) POR FE56 AND U238 IONS

=200 eV
H56 U23E
5.164E103 8.2326+03
7.1208#+03 1.15604
8.556E408  1.408EM
97737FHU3¢  1.6185+XM4
1.3)n04 2.25/B*4
1.5495+04 2. 74104
1.7371404  3.120C4A4
1.8026+#04  3.470E+4
2.025404 3.7714404
2.141E+04  4.050F->04
2.245E+04  4.303E+04
2.338E+04  4.533<04
2 337E+04  4.536E+04
2_.330E"4  4.637E*04
2.36YE.04  4.956—t4
2.405E404 5.328E+04
?.43F*04  5.683M404
2.448E%04 6.019E+04
2.632E04 6.334F+04
2.693E+04 6.678M-4
2. 746104 6.90104
_5.78IE104 = 7.155E404
2_.870El04 8.964£M
2_/05E404 9.917E-44
2.482E+04  1.040E«05
2_260E+04  1.061E+05
2.064E+04  1.065C+05
1.906—~<04 1.062E405
1.7685%04  1.051E+05
1.646E+04  1.091E+05
“T75X9E-4 1.0 E+5~
1.4456<04  1.072E+05
1.362E404  1.057F105
1.287E+04  1.040E+05
1.220E44  1.022E<05
1.160C+04  1.003F+05
1.10M04  9.830E+M4
1.0657CH04 9.&4F.404
1.CI2E+04 9.448*404
9.711E-f03  9.255E+04
9.33bE+03  9.065E+04

@300 eV
FE56 uss |,
5.166-18 8.23F-I3
7.1208408  1.158104
8.556E°03  1.408bi04
9.7260+03  1.6185+04
131004 2.5
15496404 2. 74EH04
1.737E404  3.129E+04
1.890FI04  3.470E+04
2.025E-404  3.774E+04
2.141F+04  4.050E+04
2.245E+04  4.303E+04
2.338EH04  4.538E+4
2.420E<04  4.757E+04
2.670E-104  5_5ASE+04
2.688E<04  5.860:404
2.70E>04  6.210C04
2.7XE-*04  6.547E+04
2./26E+04  6.867E+04
2.800F+04  7.168E+04
2.950E+04  7.449E+04
2.993E404  7.710E+04
3.024E+04  7.953E404
3.062E404  9.678EHM4
2.856M104  1.05"/EH5
2.623E+04  1.102E+05
2.3056404  1.119F405
2.176E404 11006
2.0081404  1.114E405
1.862E<04  1.101E+05
1736504 1.139E405
1.620E+04  1.130E+05
1.521E+04  1.116E+05
1.433E404  1.100E*06
1.354E+04  1.082E<05
1.284E+04  1.062E+05
1.22M04  1.042E+05
1.1635+404  1.022E<05
1.1%04  1.001F+05
1.064E+04  9.800:+04
1.021E+04  9.606E+04

9.815E+03

9.408E+04

0} 7500 eV
54 uspP
5.164fe<03 8. BE*B
7.1208408  1.156E+04
8.556E408  1.400E*O4
"9.726E+03  1.618E404
13NE>04 2570
15496404 2. 734E+04
1.737E+04  3.129b04
1.80E°04  3.4706+04
2.05E<04  3.774E404
2.141E<04  4.050E+04
2.2456H04  4.303E+04
2.33BE+04  4.538E+04
2.422b 04  4.TS-N04
2.989EM  6.436F<04
3.091EM  7.006E<04
3.080EU04  7.0E04
3.005E<04  7.63E-104
3.076E*04  7.936E4
3.237E404  8.219EHM4
3.278E+04  8.483E+04
3.308E04  8.720F404
"050E+64  8.958E+04
3.0E>04  1.055-106
3.070EM  1.140E+05
2.799E+04  1.179E405
2.542EH04  1.191F+05
23175004 1.189E405
2.1T7E+04  1.179E<05
1.980E-104  1.164E<05
1.842EH04  1.200E<05
r.726204  1.1845<05
1.610IM04  1_172E+05
1.520E+04  1.154E+05
1AE-104  1.134E405
1.364C+04  1.113E-106
1.296E104  1.002E405
1.235E104  1.0707+05
1.180EU04  1.048CH05
1.130E+04  1.026E-106
1.0846-104  1.005E+05
1.04M04  9.830E+04

02):1(113 ev
FES6 uz38

5.1645-103 8.23F-103
7.1206+03  1.156EA04
8.556EH03  1.408+4
9.726E403  1.618C+M4
1.31E04  2.757EH04
1.M49E404  2.734E+04
1.737E104 3.129E+4
1.892B404 3.470+04
2.025E+04  3.774C+04
2.14N04  4.050E+04
2.245E+04 4.303R"4
2.338E104 4.538E+04
2.422B+04  4.757E+04
2.989E+04  6.436E+H04
3.307E+04  7.618E-4
3.510C+04  8.544E+04
3.580C04 9.112E™M

3.551E+04  9.386EHM4
3.694E+04 9.644E™M

3.720C"  9.886E4H04
3.736E+04 1.01M05

3.746E+04  1.032E+05
3.632E+04  1.1BOE+05
3.4E-104 1.253E+05
3.039E"M  1.284CH05
2. 75104 1.790E+05
2.509<04  1.282FE405
2.311FM04  1.269e+H05
2.J40E-104  1.249E405
1.991F404  1.2821405
1.860E404 1.26/*05
17456404  1.248-105
1.643E404  1.227E+05
1.55304  1.205E+05
1.472E+04  1.182E+05
1.399E+04  1.158E+05

1.33BE+04  1.1356+05

1.274£704 1.111E+05

1.219F+04  1.080E405

1.I70E-104 1.065t<05

1.1245404  1.043E+05
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THE PARTICIPATION OF ATOMKI IN THE G6-2 [INTERNATIONAL
INTERCOMPARISON OF HIGH PRECISION GAMMA-RAY SPECTROMETRY
MEASUREMENTS

A, GASPAR, T, LAKATOS, B. SULIK, |, TOROK

Institute of Nuclear Research of the Hungarian Academy of
Sciences, Debrecen, H-4001, Pf.51.

The task of participants was to measure the relative ac-
tivities of sources sent and calibrated by the I1AEA, at high
count rates. The measurements have been carried out by using
two independent methods: A) simple normalization to an addi-
tional radioactive source; B) by using a time variant pulse
processor and random pulse generator for the correction of
dead-time and pile-up losses. Our results agreed in most cases
within 1 % with the I1AEA results.

AZ ATOMKI RESZVETELE A G-2 NAGYPONTOSSAGU GAMMA-SPEKTROMET-
RI Al NEMZETKOZI (OSSZEHASONLITO MERESBEN. A résztvevék feladata
a NAU altal készitett és bemért forrasok relativ aktivitasanak
mérése volt, nagy impulzussiuriségnél. Két fiuggetlen mdédszerrel
végeztik a méréseket: A) egyszerld normalas egy tovabbi réadio-
aktiv forrashoz, B) id6varians jelfeldolgozdé rendszerrel, ran-
dom generatorral korrigalva a holtidé és impulzus egymasra
Ulés okozta veszteségeket. Eredményeink az esetek tdbbségében
+1 $-on belul egyeznek a NAU eredményeivel.

YYACTUE ATOMHI B MEXAYHAPOAHOW CPABHWBAWNWEM TFAMMA-CMNEKTPO-
METPWYECKOM W3MEPEHWW BbLICOKOW TOYHOCTWU G-2. AHHOTauua: 3apgauei
YUYaCTHUKOB SIB/IANIOCb W3MEpeHue nMnpum BbLICOHOW CKOpPOCTM cUYeTa OTHO-
CNTEeNbHOW AaKTUBHOCTU WCTOYHUKOB, CAEMAaHHbX U OTKaNMb6pOBaHHLIX
MATAT3. Mbl u3mMepunm ABYMSA He3aBUCUMbIMKU NOyTAMUI A) HOpMUPYSA K
Jo6aBOYHOMY paguoOakKTUBHOMY UCTOYHUKY. B) wmncnonb3yda BpeMA3aBbiCH-
WA npoueccop MUMNYNbCOB W FeHepaTop CcJjiyyalHbX WMAOYNbCOB ANSA
Koppekuunm noTtepum OT MEPTBOro BpPEeMEHU U HanoXeHua. Hawu pe3ynb-
TaThl B 60/bWMHCTBE cJ/iyyaeB corjacymtcda c¢ pe3ynbtatamm MATATI
C TouyHocTbkw *1 %.
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1. Introduction

In the summer of 1979 the I1AEA organized the International
Intercomparison of High Precision Gamma-Ray Spectrometry Re-
sults G-2 (Action S5/78 of the ot-3-y Working Group of the In-
ternational Committee for Radionuclide Metrology /ZICRM/). Sev-
eral years ago another international intercomparison action
was performed, code-named G-1 where the participants could
test their gamma-ray spectrum evaluating computer codes, run-
ning them on the test spectra supplied by the 1AEA. In the
present G-2 iIntercomparison the IAEA made and calibrated five
special mixed-isotope sources and sent them to the partici-
pants, to measure the relative gamma-emission rates at a high
integral count rate (min. 1000 +50 cps ). Each source i1s a mix-
ture of Co-57 (122 keV), Ba-133 (356 keV), Mn-54 (834 keV) and
Zn-65 (1116 keV ). The peak areas of the four gamma-rays, given
in parentheses, were to be measured under the same conditions
(including the same source to detector position!) and the
quantities, to be reported to the IAEA, were the count rates o
source no. 1 (i» ,2,3,4,5) corrected for dead-time and pile-up
losses and for half life (values supplied by the 1AEA) related
to given reference data (79 07 01). The approximate activities
in the sources at that reference time were

16 kBg s57Co
24 kBg 133Ba in the source no. 1, and the activities
24 kBg suMn of sources
48 kBg 65Zn
No. 2,3,4 and 5 are larger by factors 3, 6, 10 and 15 respec-
tively.

A measurement like that does not depend on the uncertain
efficiency curves (as it was the case iIn another former iInter-
comparison, the measurement of Eu-152 sources, organized in
1977 by the Physikalisch-Technische Bundesanstalt, Braun-
schweig [1]), and the whole measuring method and procedure is
tested: the source positioning, the detector, the electronics,
the different corrections made by hardware or software, and
the complete evaluation of the multichannel spectra.

2. Preparing for the measurements

We performed several preliminary test measurements in the
range of the required count-rates and realized that the count-
ing losses In our electronic system reached almost 60 percent
near the maximum count-rate of the G-2 intercomparison. It
turned out that the analogue current meter calibrated iIn per-
centage dead time is wrong In a factor of about 2.5 (showing
less loss), because of the pile-up losses, at about 15000 cps.
Similar, but a little less difference (in a factor of about
1.8-2.0) was obtained by using the live time clock of the MCA.
We realized, that for high count rate work the bipolar signals
with long shaping time constants (6.4 ys) are the most suita-
ble, (meth. A.), giving the least distortion and best resolu-
tion iIn the spectra.



3. The measurements

3. 1. Method A.

The aim of this measurement series was to test whether to
what extent a simple detector-preamplifier-linear amplifier-
MCA chain can be corrected against counting losses using a
reference peak originated from a radioactive source or from a
pulse generator. In the final measurement we used a radioactive
source, because the signal of 1t "models”™ more precisely the
signals from the radioactive source in question, than a peri-
odic generator pulse fed into the system at the preamplifier
only. OF course, on the other hand, this radioactive source
will give an additional count-rate and i1ts Compton-continuum
makes the evaluation of lower energy peaks a little more un-
certain. An about 320 kBg (cca. 9 yCi) 137Cs standard pre-
pardtum was used as reference source. Its 30 years half-life
iIs very suitable to use this 1i1sotope as a '‘constant' iIntensity
source. The 662 keV gamma-line is situated at the center of
the energy range of the measurements and no problematic iInter-
ference was found with the other gamma lines iIn the spectra to
be measured. Of course, generally i1t Is not always easy to
find a suitable source. The measurements, were performed at O
degree with 80 mm source-to-detector distance for the sources
to be measured, and 175 mm for the reference source. The de-
tector with the sources was placed nearly in the geometrical
center of a room, possibly far from scattering media.

The detector itself was a HARSHAW-made ACQ-34 type coaxial
Ge(L1) detector with one open end. It was mounted iIn horizontal
arrangement. Its nominal efficiency was 12.4 %, relative to
3"x3" Nal(Tl) for 1.33 MeV.

The electronic amplifier chain consisted of a preamplifier:
TENNELEC TC160/HARSHAW NB-21 mounted to the detector iIn the
factory, and a linear amplifier: ATOMKI made, type NV-804.

The multichannel analyzer used, was a Nuclear Data 2020»
equipped with a GEN Il. 100 MHz ADC. We acquired 4095-channel
spectra with 2.096 channels per keV. The dead time of the
analyzer as a function of channel number (n) iIs cca.
(20+0.0Ixn) us. The final measurement series was performed
with the following measurement times:

Source no. 1 2 3 FT 5
Clock time 40000s 20000S 10000S 10000S 10000S

For the long measurement time and high count rates, overflows
occured iIn several channels (max. 5 In a spectrum). In these
channels a correction of 1000000 or 2000000 counts (plus) had
to be performed. The spectra were evaluated by the FORGAMMA
code [2] (which is a SAMPO-like program). We run It on a

PDP 11/40 computer in automatic peak search mode with 4 and s
channel full width at half maximum values. The program made a
fitting with a Gaussian and a low energy exponential tail plus
a linear background. The peak area was calculated by the
program by integrating the area between the fitting curve and

115



the fitted background. After giving this area, a second area
value was calculated as the area between the measured spectrum
and the fitted background. If this second value had agreed
with the first one, the result was accepted. The error limits
calculated by the FORGAMMA to the area value from the Gaussian
fitting were unacceptable low. In a former measurement we
found, that many times the reproducibility of a peak area
needs seven times larger error limits than these calculated by
the FORGAMMA, but at least three fold of the calculated value
is only a reasonable error. The results of the first and second
measurement series were analyzed from the point of view of
reproducibility and on the basis of this analysis the overall
error (perhaps a little overestimated) was calculated using
the formula

N(%)=5x/[0.3 (%)]z+[3xa(%)]*

The first term under the square root (0.3 %) i1s the estimated
systematic error, in the second term the a is calculated from
the statistical error of the given peak, and that of the

662 keV peak, got from the FORGAMMA print-outs.

The 1000+50 cps was set by changing the source-to-detector
distance and evaluating the area under the whole measured
spectrum divided by the clock time of the measurement and cor-
rected against the counting losses.

The correction was performed in the following way. In the
first attempt we estimated the counting losses, and so we set
a higher value. After the measurement series we made a better
correction in the following way. The sixth spectrum was meas-
ured, when only the 137Cs source was involved; of course, 1In
the same position as iIn the other measurements. The count
rates in the 662 keV lines in all the six spectra (obtained
by dividing the peak areas by the clock time of the measure-
ments) were drawn iIn a diagram as the function of the ap-
proximate integral count rate (obtained by dividing the area
under the whole spectrum by the clock time of the measurement).
The points were situated approximately iIn a straight line.
Fitting a calculated straight line on them, we got the value
of the hypothetical count rate iIn the 662 keV line at zero
integral count rate iIn the intersection of the line with the
count rate axis. The ratio of the value of this fitted line at
a given point to the above hypothetical count rate i1s a good
approximation for a counting loss correction factor. A similar
correction method 1is given iIn [3]. By using this factor we
could control that we were really within the required range of
counting rate.

The resulted peak areas were corrected for the dead-time
and pile-up counting losses simply multiplied by the factors
got from the division of the peak areas of 662 keV line iIn the
given spectrum with the respective area in the spectrum of the
first source. (As we needed only the ratios of count rates, we
had not to make the correction for o integral count rate).

The corrected peak areas were divided by the clock time of
the measurement, so we got the count rate iIn the given gamma
line.

Another correction was made by the half-lives.
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The result of method A

Several months after sending our results we got the ac-
tivity values of the sources,used In our measurements, as meas-
ured by the IAEA. To evaluate the results we “calculated the
ratios of the activities In a given source relative to the ac-
tivity iIn source No. 1 . ( Jn/AEj1“QIAEA) where Ej is the energy
of the gamma ray iIn question, and n is the source number. Simi-
larly we calculated the respective ratios of the count rates
measured by us: (I£Jn/1Ej1"0a)e The iIndex A refers to the meth-
hod A. The ratio of the two ratios is the measure of the ac-
curacy of our measuring method. Fig. 1. i1s a diagram showing
the ratios Qa/QIAEA 1In increasing order of source number, and
within 1t, those of gamma ray energy, together with the percent
errors given by us. In the case of the first source as this is
the reference for the calculation of the Q ratios the value is
always 1, by definition. The two different kinds of error given
at them are the errors of the activity measurements in Vienna
and the estimated error of our measurements for the No. 1.
source. As 1t is seen, thanks for the little overestimated
error limits, all of our results agree within these limits with
the "official™ results. What tells more, practically all of
our results, except one, are In a 1 % interval. What tells
even more: only 5 out of the 16 measured points are not within
the much more severe error limits given by the IAEA. Later the
final report on G-2 [4] confirmed these results.

3.2. Method B.

Before performing the G-2 intercomparison measurements, a
new analogue signal processor had been developed iIn our iIn-
stitute for Si-Li X-ray spectrometers. This system, built with
time-variant filters, contains pile-up rejector and live-time
corrector circuits so it can be used up to high input counting
rates with high precision.

The live-time corrector unit provides BUSY-state signals
for gating the live-time clock, during the dead-time intervals
both of the signal processor and of the multichannel analyser.

In the case of a simple X-ray spectrum (s5Fe) this method
assures 0.5 % accouracy of intensity measurement in the range
of 0.5X10U cps total i1nput counting rate.

In spite of this, IiInvestigating gamma-ray spectra iIn the
0.1-2 MeV energy range, about 4 % distortion was found iIn y-
peak areas at [1.bx10™ cps total input counting rate.

This error was caused by low-energy pulses from the Compton
region with amplitudes less than the recognition level of the
processor. Such pulses generate neither processing cycles nor
BUSY-state signals, but they may produce pile-up events with
recognized pulses distorting their amplitudes, and conse-
quently decreasing the photopeak-area. So an additional re-
ference peak was to be used In the sake of higher accuracy.

In °Method B~ the reference peak was generated by a Random
Tail Pulsfe Generator [5] which provides exponential time-inter-
val density between output pulses. The 80 ns wide logical
output pulses of the generator were used to trigger signal
processing cycles of the processor, In ’0OR” connection with the
output pulses of the signal recognition circuit.
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G -2 Method A

QIAEA __ intensity of the given isotope in the given source
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"Fig. 1. The results of method A related to the 1AEA activity data.



Without pile-up, the generator pulse yields a zero volt ampli-
tude sampled signal at the output of the processor. In the
case of recognised pile-up no sampling occures, while, when
non-recognised pile-up occures the output amplitude will not
be zero. In order to measure this ’zero-peak” with the analyser
a DC bias was applied in front of the output linear gate. The
total spectrum consisted of the ’zero-peak” (reference-peak)
and of the measured spectrum, without any iInterference between
them. However the reference peak i1s easy to evaluate since it
iIs sitting on the zero background.

Fig. 2. shows our measuring arrangement.

Fig. 2. The block diagram of the correction electronics.

COUNTER-1 was used as a preset scaler, wich counted the logical
pulses ordered to ’zero-peak” realizing a coarse live-time
correction. COUNTER-2 measured the clock-time, COUNTER-3 meas-
ured the mean rate of the Random Tail Pulse Generator.

Measured spectra were evaluated (in ’Method B”) by a special
program for gamma-ray spectra developed iIn our iInstitute [s].
The ’zero-peak” and the examined photopeaks were fitted by
using the same analytical formula.

Physical arrangement and measuring times were almost iden-
tical In °Method B’ and ’Method A”.
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The Results of Method B.

Similarly to °Method A~”, the ratios Qg/QlAEA are repre-

sented In Fig. 3, together with the relative standard devia-
tions of Qg given by us.

o G-2 Method B
=L
D-|AEA
J1
|
102-
101
©
©
v, T © © ©
' ©.A
TtT or
M O Within the error
I1 limits given by the
1 IAEA
0.99
Co Bo Mn Zn Co BaMn zZn Co Ba Mn_ Zn Co Ba Mn Zn Co Ba Mn Zn
0.98 111J 1113 I__l—l I_I_I_I
' MIX 08-1 MIX 08-2 MIX 08-3 MIX 08-4 MIX 08-5

Fig. 3. The result of method B related to the IAEA activity data.

We assumed three i1ndependent components of error (s.d.):

" The standard deviation of the peak-areas, given by the evalu-
ation program: Sp

- The standard deviation of the geometrical reproducibility:
Sq rel (independently determined by a measuring set).

- The standard deviation of all other error sources: So re]
(independently determined by a measuring set)
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Fig- 4. The energy dependence of overcorrections using different
peak evaluation codes, a) EVAZOL, b) PORGAVMA.
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So we get: b

*
= re? (s2 S2 1+S

+
p rei "9 ret

and: 80 rei'(sfi re 1*Sl14 rel)*

One can observe, that the systematic error of measured QB
ratios shows an upward tendency with higher gamma-energies
compared to QJaeA ratios.

The energy dependence of these errors seems to be stronger at
higher counting rates (see Fig. 4.) and the direction of de-
viations i1s always overcorrection-like.

The cause of this systematic error, as it was examined
carefully later, was the tail effect on both sides of the
photopeaks. The non-recognized pulses may slightly both de-
crease and increase the amplitudes of pulses, when non-recog-
nised pile-up occures. This effect leads to a wrong background
fitting, and the error is nearly proportional to the FWHM of
photopeaks.

4. The Report G-2 [4]

The evaluation of the results sent to the IAEA and the
preparation of the report took a little more than a year, as
we got the Report G-2 in December 1980.

9 results were received by the IAEA from 69 laboratories.
Laboratories of 24 countries sent their results from all the
five i1nhabited continents, with many "big names™ among the
participants.

There was observed no significant dependence of the results
from the detector size, from the method of peak processing or
from the electronic equipment.

The received results were grouped in the following methods
of counting-loss correction:

1) live time correction, simply using the dead time gate of
the MCA,

2) correction to a generator of known frequency,

3) correction to a radioactive source,

4 ) other methods.

_ For the evaluation of the results the following calcula-
tions were made:

Qik?-——NJK where Nj”~ - the peak count rate, sent by the
r ik participant; mj - mass of the source; dj™ -
dilution factors; 1index i1=l,...5 number of

the source; index k=I1,...4 number of each
nuclide. The product mjedj”™ iIs proportional
to the absolute activity of the given iso-
topes In the given source. If the measure-
ments were carried out accurately, Cj™ iIs a
constant.
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E . iIs the average of the above '‘constant™ for

i»1 a given nuclide.
[ - k=100 —i§——5 is the percent error of the Cj» relative to
Ck the above average. (Choosing this way of

evaluation quasi ''smoothed™ the errors caused
by the finite accuracy of the activity given
by the I1AEA).

This Ajk value is the abscissa for the
drawings given in the Report G-2 for each

set of the results.

5
E IATKI given iIn Table 6. "DELTA". The average of
i=1 percent error for a given nuclide.
4
g: } E given i1n Table 1-5, "DELTA™. This 1is the
ke 1 average of percent error for each peak. This
was regarded as quality parameter, the data
were sorted by this value.
5k - - " "
Rk= C given in Table &, "RATIO".
1k
4
R~} E given iIn Table 1-5, "AVERAGE RATIO". This
k-1 parameter reflects the success of compen-

sation In the case of most difficult, highest
count rate.5

5. Conclusion

First we give the conclusion for the overall intercomparison
drawn by the organizer and then our own conclusions. "For pre-
cision y-ray measurements in the life-time correction the
multichannel analyzer 1is unreliable. If the system is very well
adjusted and the dead-time correction circuit of the ADC is
controlled by a well working pile-up rejector, the values are
reasonably good (R>0.95). It seems to be difficult to find this
adjustment and that is why R values down to 0.75 are possible.

Method 2 (generator) gives much more comparable values.
There is perhaps a tendency to overcompensate the high energy
range 1f a pile-up rejector is used additionally, as R values
higher than 1 are often occurring.

Method 3 seems to be comparable to method 2, but no partici-
pant In this group used a pile-up rejector or any additional
electronic equipment.
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Because of the very different methods used in group 4 it
IS not possible to find any significant trend."

The 1AEA did not evaluate the error, given by the partici-
pants, as the material sent was too heterogeneous. There was
a leak of defining the way of estimation, mainly for the sys-
tematic part of error. Even our own philosophies for the error
estimation in the two methods were quite different.

As regards our own results, iIn Table 1. we are at places
12. (Method A) and 20. (Method B). See Fig. 5., which is the
graphic representation of Table 1 of the Report G-2. As the
activities given by the IAEA were of average error of 0.82 %
(ranging from about 0.5 to 1.5 %), results below 1 % can be
regarded as good values. Both of our results are less than
0.5 % As all the first 12 results belong to different partici
pants, our iInstitute also ranked to the 12~ place.

From Fig. 5. 1t can be seen, that about half of the number
of participants (43) reached the 6=1 % value, and about a
quarter of them (24) are within the very good 0.5 % limit." The
worst results can be regarded as testing different types of
MCA-s regarding their life-time correction. It is iInteresting
to see the trends of the R values. Up to about the 70th place
(6=2 %) both positive and negative differences are present,
their absolute values growing by a degree of about 3 times
higher than the growth of the e value. Above about s values of
2 % the R becomes less than 1.0, showing the insufficient cor-
rection against the counting losses.

Fig- 5. The graphic representation of the average delta and average
ratio ordered by growing average delta. (Table 1 of the G-2 report [4])-
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In the list giving the results of participants, by whom the
third method was used for correction (radioisotope, Table 4
[4]), our method A is the leader, and in the list of the users
of the fourth correction method (others, Table 5 [4]) our
method B is ranked to 4™ place (among,7 and 21 participants
respectively). The drawings of our results iIn the Report G-2
are similar to Fig. l1l.and 3. with the difference, that the
errors are smoothed by the averaging done by the organizers.
Our results for the different nuclides are the following from
the Table s of [4]:

Co--57 Ba-133 M54 Zn-65
delta RATIO DELTA RATIO DELTA RATIO DELTA RATIO

A 0.514 0996 0.204 1.007 0.203 0.99 0.347 1.000

B 0.163 1.004 0.267 1.007 0.607 1.021 0.723 1.025

This represents the energy dependence of the results. It can
be seen, that the isotope method (A) gave slightly better
results at higher energies, because here the peaks were not
disturbed by the Compton-continuum of the reference peak. The
B method gave better values at lower energies, because the
reference peak was placed at the zero energy.

Method A iIs almost at the limit of i1ts performance at
15 kc/s, at much higher count rates, the peaks are so distorted,
that precise evaluation is iImpossible or at least too diffi-
cult. On the other hand method B can be used up to about
100 kc/s.

It 1s noticeable, that such simple, almost primitive, re-
latively cheap techniques, like those used iIn our measurement
with method A, can be successfully used, up to the count rate
limits where accurate peak evaluation is still permitted by
the peak shape distortion.

Our final conclusion 1s, that our results are satisfactory:
up to about 20 kc/s corrections, by normalizing to an appro-
priate radioactive isotope or to a puiser of known frequency,
can be used with about equal success, and the results of cor-
rections by a pulse processor (like the one, used 1In method B)
are comparable with those of the former methods. Above this
frequency limit the pulse processor method gives the proper
correction.6
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MOHELYUNKBOL, LABORATORIUMUNKBOL
LYUKKERESES KVADRUPOL TOMEGSPEKTROMETERREL

BOHATKA SANDOR, KISS LASzLO
MTA Atommagkutaté Intézete, Debrecen, PF. 51.

Cikkiunkben olyan moédszert és eszkdzt ismertetink, amely az
intézetben készitett kvadrupol tomegspektrométerre | végzett
lyukkeresést érzékenyebbé, illetve kényelmesebbé teszi. Az
eszkoézt onal 16 egységként épitjik be a 0 60-U és Q 100-U jeld
tomegspektrométerei nkbe.

LEAK DETECTION WITH QUADRUPOLE MASS SPECTROMETER. A method
and an electronic unit are described which make it possible to
use a quadrupole mass spectrometer as a versatile and sensi-
tive Ileak detector. The wunit 1is built in our quadrupoles of
Q 60-U and Q 100-U type.

TEYENWHAHWE C NoMOoWbA HBAAPYNOANbHOINO0O MACC-CMNEHTPOMETPA.
B cTtaTbe onucaHb mMeTon u annapaTtypa (610H 3/eHTPOHUKMK) N4
TeyeobHapyXeHMss Ha OCHOBEe HBaApyNno/IbHOFO Macc-cnekTpoMmeTpa,
o6napawwmne 60nbWONA YYBCTBUTENbHOCTbI U yaob6cTBOM. BNOH 3NeHTpoO-
HUHW BCTpPOEH B Macc-cneHTpomeTpbo Q 60-U wm Q 100-U,

A kvadrupél tomegspektrométer [1] igen eldnybdsen alkalmaz-
hatdé lyukkeres6ként, mert keres6gazként nem csak He hasznalha-
t6 hozza - mint a specialis célberendezésekhez - hanem szin-
te barmely gaz. Széles mikodési tomegtartomanya lehetévé teszi,
hogy a 4 a.t.e.-nél mérhet6 He mellett H2 (2), Ar (40), freon
(85,87,50), alkohol (31); aceton (43), benzin (41,43 stb) vagy
egyéb gaz, ill. folyadék legyen a keres6 anyag. Ennek els@sor-
ban az az elbnye, hogy a He nehezen beszerezhet6, (nem minden-
ki szamdra hozzaférheté gaz), a felsorolt anyagok pedig szok-
vanyos laboratoriumi kellékek, de nem lebecsulend6 az az el6ny
sem,hogy folyadék keresd anyagot hasznalva a lyuk pontosabban
lokalizalhato.

Lyukkereséskor a vizsgalandé berendezést a kvadrupél tomeg-
spektrométerhez csatlakoztatjuk, majd a kvadrupolt a keresfgaz
legintenzivebb csucsanak névleges tomegszamara allitjuk. A t6-
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megszam pontos helyét akkor hatarozhatjuk meg, ha a gazbdol egy
kis mennyiséget rovid ideig beengedink a rendszerbe, és a to-
megskadlan - a névleges tomeg kornyezetében - megkeressik azt
a pontot, ahol a kimeneten mért ionadram maximumot mutat. Ezt
az i1onaramot a kvadrupél Kijelzé miszerén olvashatjuk le. Ha

a keres6gazzal a lyukra fujunk, a kvadrupdélnak a miszeren is
leolvashaté kimend jele megné, majd a gazadagolads megszinte-
tése utan lecsokken. A miszer Kkitérésétél fluggben az elektro-
méter méréshatar valtéjaval szabalyozzuk az érzékenységet. A
detektalt jel nagysaga egyenesen aranyos a keresett lyuk mére-
tével.

A vizsgalat soran gyakran el6fordul, hogy a beallitott to6-
megszamnal a hattér jelszint nem nulla, azaz a megadott helyen
iIs van a tomegspektrumban csucs és lyukkeresésnél ennek a val-
tozasat kell nyomon koévetni. Ilyenkor az érzékenységet nem le-
het az elektrométer méréshataraval tetsz6legesen megnévelni,
mert az 10 V felett telitésbe megy. Ezen segit a lyukkeresd
adapter, amely végeredményben negyvenszeres érzékenyitést tesz
lehetévé. Az adapter az elektrometer sziirt jelét hasznalja be-
mené jelként (1. abra). Ezt a 0-10 V-os jelet tudja egy két-
szeres er0sitésu kompenzald fokozat levagni oly modon, hogy a
bemeneti jel valtozasa az eredeti kétszerese lesz,csak egy
alacsonyabb fesziultségszintre uUltetve jelenik meg. Ekkor mar
van értelme egy tovabbi utderésitésnek (érzékenység), amely a
vagott jelet esetinkben tobb, mint 20-szorosara noveli. A zaj-
viszonyok miatt nagyobb mértékl erdsités mar nem indokolt.

Erzékenység

1. dbra A Iyukkeresd elektronika tcmbvazlata.
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A lyukkeresés konnyebben elvégezhetdé, ha nem kell allanddan
figyelni a midszert: ha példaul sikerul eléallitani valamilyen
hanghatast, amely a miszer jelével aranyos. Ezt a feladatot
valdésitjdk meg az adapternek az 1. abran lathatdé tovabbi egy-
ségei .

Az akusztikus kijelzést a hallhaté hangok tartomanyaban
torténé frekvenciavaltozas létrehozasaval valositottuk meg. Ez
a frekvenciavaltozas linearis kapcsolatban van a bejové jel
nagysaganak valtozasaval. A Fletcher-Munson-gorbékbdl [2] ki-
olvashaté, hogy az emberi ful a 200 Hz és e kHz frekvenciatar-
tomanyba es6 hangokra a legérzékenyebb. Kovetkezésképpen: e
savban mar kis mérvi frekvenciavaltozast is jol érzékel. Ezt
figyelembe véve, a feszultség-frekvencia konverter also és fel-
s6 frekvenciahatarait 80 Hz és 7,5 kHz ko6zott hataroztuk meg.
Az elmondottak alapjan a 80 Hz-es alsd frekvencia nem lenne
indokolt. Kulondsen nem, ha tekintetbe vesszik, hogy a kdrnye-
zet (Jelen esetben vakuumszivattyuk, ventilldtorok stb.) zaja
Jjocskan tartalmaz ilyen alacsonyfrekvencias OsszetevOket. Ezek
a hangok gyengén hallhatok, de éppen emiatt alkalmasak arra,
hogy a lyukkeresés kezdetén mindaddig, amig a repedés, tomi-
tetlenség kozelébe jutunk, csak ezt a fulnek nem kellemetlen,
un. lagy hangot halljuk.

Az akusztikaval foglalkoz6 irodalom és sajat méréseink
alapjan dontottunk ugy, hogy a feszultség-frekvencia konverter
jelét, mieldétt a végerdsitdére vezetnénk szinuszositjuk. Ugyan-
iIs a lyukkeresés néha hosszU ideig tartdé mivelet és a fulnek
sokkal kellemetlenebb, farasztdobb egy felharméonikusokban gaz-
dag jelet hallgatnia, mint ugyanazon frekvenciaju tiszta szi-
nuszjelet. A véger6sité kimenetén 4 ohmos terhelésen Pp=2 W
teljesitménynél megjelené 1250 Hz-es szinuszjel torzulasa Ki-
sebb, mint 1,5 %.

Mint kordbban emlitettik, az adapter leheté6séget nyujt kom-
penzalasra és a jelvaltozas tovabbi erf6sitésére. A kompenzaci-
Ot és érzékenységet szabalyozdé potenciométerek megfeleld beal-
Iitasaval elérhetd, hogy mar kis mértékl csucsmagassag inga-
dozas jJelent6s frekvenciavaltozast eredményezzen.

A fTeszultség-frekvencia konverter ugyanakkor éri el a maxi-
malis frekvenciat, amikor a miszer végkitérést mutat, az Uv
vezérl6feszultség tovabbi novekedése mar hatastalan lesz ra.
Ekkor 1ép mikddésbe a tulcsordulast jelz6 aramkor, amely a
bemeneti erdésitdére érkezd jelet megszaggatja. Ezaltal a hang-
szOréban egy jellegzetes hangzas hallhatd, jelezve az érzékeny-
ségcsokkentés, illetve a kompenzalds szukségességét. A szagga-
tas frekvenciajat a jo érzékelhetfség érdekében néhany Hz-re
valasztottuk, amit a passziv elemekkel Tfelépitett késleltetd
halézattal allitottunk a kivant értékre.

A hangfrekvencias er6sitdé atviteli tartomanya joval széle-
sebb az i1tt atvinni kivant savnal. A kvazikomplementer végfoko-
zatot AB osztalyban jaratjuk a jelalaktorzitas alacsony szinten
tartasa végett. A kivehetd maximalis teljesitmény 3 W 4 ohmon.

A lyukkeresés érzékenysége alapvetfen a kvadrupdél tomeg-
spektrométer érzékenységétdl és az alkalmazott nagyvadkuum szi-
vattyu effektiv szivosebességétil fiugg. Intézeti kvadrupdljaink-
kal 5.10-1* A/mbar érzékenység elérhetd. Lyukkereséskor a kime-
néjelet a rendelkezésre all6 legnagyobb idéallandéval (100 ms)
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meg lehet szlrni és igy 10«12 A méréshatarban a jel/zaj viszony
2,5.10<15 A-nél még egységnyinél nagyobb. Ez 5.10-12 mbar nyo-
masvaltozas kimutatasdhoz elegend6. A lyukkeresd adapter eré-
sitéjével és hangfrekvencias generatoraval ezt a jelet jol lat-
hatéva és hallhatova lehet tenni. A kimutathaté legkisebb szi-
vargas (Q[mbar 1,/s]) a parcialis nyomas érzékenység (PmipCmbar])
és a szivattyurendszernek a kvadrupolnal mérhetd effektiv szi-
vosebessége (S[£/s]) ismeretében a Q=Pmin*S Osszefliggés alapjan
szamolhato ki. Ez 10 NI/sec szivosebességnél 5.10-11 mbar*£/s
("5.10-11 atm.cms/s)-nak addédik, ami a Joé minéségl héliumos
lyukkeresé berendezések érzékenységi tartomanyaba esik, de
azoknal sokoldalubb, mert sokféle probagazzal mikodtethetd. Az
adapter kompenzald és utderfsitd egységei lehetévé teszik, hogy
ezt az érzékenységet nem csak a He, hanem mas keres6gaz alkal-
mazasakor is megbrzi a készulék.

Hivatkozasok

[1] Berecz 1., Bohatka S., Gal J., Paal A.: ATOMKI Kozi.
19 (1977) 123

[2] R- F. Graf: Elektronikus tervezési adatgydjtemény,
Mlszaki Konyvkiadd Bp. 1979.

Lektor: Balogh Kadosa



INTEZETI HIREK

1980. okt. 22-én Lazar Gyorgy, a Magyar Szocialista Munkas-
part Politikai Bizottsaganak tagja, a Minisztertanacs elnoke
latogatast tett az ATOMKI-ben. A latogatas célja az intézet
munkajaval vald ismerkedés volt. Lazar Gyodrgyot az intézetbe
elkisérte tobb megyei vezetd Sikula Gyorgy, a Kozponti Bizott-
sag tagja, a megyel partbizottsag elsd titkara vezetésével.

Az Intézet munkdjarol dr. Berényi Dénes iIntézeti igazgatd
adott tajékoztatast, majd a tajékoztaté utan Lazar Gyorgy és
kisérete az intézet laboratériumait tekintette meg. A latoga-
tas végén Lazar Gyorgy elismerését fejezte ki, értékelve azt
a torekvést, hogy a magas szintd tudomanyos kutatas mellett az
ATOMKI-ben gyakorlati, a népgazdasag szamara hasznos tevékeny-
ség folyik.

Dr. Gonda Gyorgy allamtitkdr, az Orszagos Kornyezet- és
Természetvédelmi Hivatal elndke 1980. szeptember 18-an latoga-
tast tett az ATOMKI-ben.

1980. 4prilis 15-19. ko6zott az ATOMKI Nemzetkdzi ESCA Sze-
minariumot szervezett szocialista orszidgok szakemberei részére
Osszesen 15 kulfoldi vendég részvételével.

1980. november 3-an a Neumann Janos Szamitogéptudomanyi
Tarsasag tavadatfeldolgozassal foglalkozé kerekasztal megbe-
szélését az ATOMKI-ben tartotta. A megbeszélésen résztvevd
szakemberek az intézetben mikdédé az UT200 tavallomast és a
PDP 11/40 szamitdogépet tekintették meg.

1980. november 10-15. kozott a Kolcsey Ferenc Maveld6dési
Kozpont, az EOtvos Lorand Fizikai Tarsulat debreceni Csoportja
és a TIT szervezettel egyuttmikodésben az ATOMKI "6szi Fizikus
Napok''-at szervezett, els6sorban kozépiskolasok és egyéb a fi-
zika irant érdekl6d6 kozonség részére. A rendezvény keretében
az intézet megszervezte "Az lpar és fTizika" cimi kiallitéast,
tovabba intézetlatogatasokat és rendhagy6 fizika-orat az ATOM-
Kl-ben, valamint palyazatot kozépiskolas résztvevOk szamara.

A palyazatok eredményhirdetésére 1981. februar 20-an kerult
sor.

A Debreceni Orvostudomanyi Egyetem és az MTA Atommagkutato
Intézete 1980. november 21-én kdzOs tudomanyos vitaltlést ren-
dezett. A vitaulés targya: Tavlatok és lehet6ségek a DOTE és
az ATOMKI1 tudomanyos egyuttmikodésében. Vitainditd bevezetdt
tartottak: dr. Koltay Ede (ATOMKI) és dr. Székely Gyorgy (DOTE
professzorok.

A vitaulést megel6z6en, ill. annak elbkészitéseként 1980. no-
vember 19-én a DOTE érdekl8d6 munkatarsai szamara intézetla-
togatast szerveztink.
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Az ATOMKI-ben és az ATOMKI szervezésében rendeztik meg 1980.
november 25-28. kozott a "'Szocialista orszagok I1UPAP (Inter-
national Union of Pure and Applied Physics) Nemzeti Bizottsagai
titkadrainak értekezletét. Az értekezletet dr. Kiss Dezs6 akadé-
mikus, az IUPAP Magyar Bizottsaganak elnotke nyitotta meg. Az
értekezleten két szovjet, két csehszlovak, két NDK, egy kubai,
egy roman, egy lengyel és harom magyar szakember vett részt.

A DAB Matematikai-Fizikai Szakbizottsaga december 5-én az
ATOMKI-ben tartotta uUlését, melynek programjdban szerepelt "A
human és természettudomanyos kultura egysége'” vitaulés, a hu-
man tudomanyteriuletek képviseldinek részvéetelével. A Szakbi-
zottsag uUlésén egyébként beszamoldok hangzottak el a munkabi-
zottsagok tevékenységérdl, tovabba megvitatasra kerult a munka-
bizottsdgok 1981. évi munkaprogramja, valamint a Szakbizottsag
tagjai egyéb aktualis kérdéseket téargyaltak meg.

Az Intézet lgazgatd Tanacsa az év folyaman két alkalommal
ult ossze. Kib6vitett Ulésein az intézet gazdalkodasaval kap-
csolatos kérdésekkel ,(az ifjusagi torvény helyi végrehajtasa-
rol, a szabadalmi politika aktualis problémairdl), tovabba az
intézet nemzetkdzi egyuttmikodési kapcsolataival foglalkozott.

Az ATOMKI OsztalyvezetSi Ertekezlete 1980 folyaman is rend-
szeresen - altaldban havonta egy alkalommal - Ulésezett.
Az Osztalyvezet6i értekezlet megvitatta az egyes kutatasi egy-
ségek beszamoloit, tevékenységét, tovabba az 1981. évi kutata-
si terveket valamint a kutatasi tervek elbkészitéséhez kapcso-
10d6 kiegészitdé javaslatokat (kulfoldi meghivéasok, kulfoldi Kki-
kuldetések, létszamigények stb.).

Az ATOMKI Konyvtarbizottsaga két alkalommal uUlt Ossze, meg-
vitatta az 1981. évi folydiratrendelést valamint a konyvtari
folydiratok koélcsonzésének uj szabalyozasat.

1980. jan. 22-én a Miskolci Nehézipari Miszaki Egyetem ve-
zetlbi tettek latogatast az ATOMKI-ben. A latogatas célja a két
intézmény kozotti kapcsolatfelvétel és tapasztalatcsere volt.

1980. aprilis 10-én a Debreceni Orvostudomanyi Egyetem
(DOTE) vezetdi latogattdk meg az intézetet. A kolcsonds lato-
gatasra - mint altaldban a korabbi években is - két évenként
egyszer, a két intézmény kozotti szocialista egyuttmikodési
szerz6dés keretében kerult sor.

1980. folyaman az 1979. szeptemberében jovahagyott ciklotron
program elbBkészitése tovabb folytatédott. Jelenleg az épité-
szeti részletterveken dolgozik a KELETTERV.

Megfelel§ Utemben haladt a midhelycsarnok épitése, amelynek
1981. 1. negyedében torténd atadasa az intézet tovabbi fejlesz-
téséber jJelentds lIépést jelent, megoldja az intézeti mihely
#Kiégés elhelyezését.
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Hazank felszabaditasanak 35. évforduldoja alkalmadbdél a Magyar
Népkoztarsasag EInoki Tanacsa dr. Berényi Dénesnek az ATOMKI
igazgatdojanak kimagaslo munkaja elismeréséul a Munka Erdemrend
arany fokozata Kkituntetést adomanyozta.

A Magyar Tudomanyos Akadémia FOtitkara sokéves kiemelkedd
munkdjuk elismeréseként Bordi latvan és Tuari Ferenc munkatar-
sakat Kivalé Munkd&ért kitiuntetésben részesitette.

Az 1980 évi ATOMKI-dijak ugyancsak hazank felszabadulasanak
évforduldja alkalmabdél kerultek kiosztasra.
Az 1980 évi ATOMKI Intézeti Dij-at dr. Varga Dezs6 csoportve-
zetd6 nyerte el az elektronspektrométerek kifejlesztése terén
végzett kozel egy évtizedes eredményes munkassagaert.
Az 1980. évi ATOMKI Interdiszciplinaris Dij-at dr. Somogyi
Gyorgy kapta a szilardtest nyomdetektor-technika széleskori
interdiszciplinaris alkalmazasaért.
Az 1980. évi ATOMKI Kozmivel6dési Dig-at dr. Hunyadi Ilona
nyerte el az 1979 évi 06szi Fizikus Napok szervezéséért, és
az intézeti TV filmmel kapcsolatos feladatok sikeres elvégzé-
séért .

A Magyar Tudomanyos Akadémia altal kiirt Alkotd Ifjusag
palyazaton a kutatok kategoriajaban Palinkas Jozsef palyadijat
nyert és egyben elnyerte az Akadémia altal alapitott Ifjusagi
Dijat.

Az Intézet altal meghirdetett Alkoto Ifjusag palyazaton a
fiatal kutatok kategoriajaban az 1. dijat Cseh Jézsef tud.
munkatars nyerte; a megosztott Il. dijat pedig Nyaké Barna és
Végh Janos tud. munkatarsak kaptak.

Az iIntézeti mérndék-technikusi kategdériaban az 1. dijat
Sulik Béla nyerte el, a Il. dijat pedig Gal Istvan.

Intézeti Kivaldé Dolgozé kitintetd cim adomanyozasanak le-
het6ségérdl dontott 1980. O6szén az intézet vezetbésége. Az in-
tézetben az atlagon feluli teljesitményt nyujté dolgozok mun-
kajuk elismeréseként elnyerhetik az uj intézeti Kitintetd ci-
met és jelvényt. A Kitintetéssel 2.000.-Ft pénzjutalom jar a
dij odaitélésének feltétele tizéves megszakitids nélkuli inté-
zeti munkaviszony, kiemelked6, lelkiismeretes munkavégzés, va-
lamint aktiv részvétel az intézet kozosségi-tarsadalmi életé-
ben. Adomanyozasara altaldban évenként egyszer, aprilis 4-én,
hazank felszabadulasanak évforduldja alkalmabol kerul sor,
legkbzelebb 1981. apr. 4-én.

Az ATOMKI palyazati felhivast adott ki a "Szakma Ifju Mes-
tere” Kkituntetd cim megszerzésére az intézetben dolgozo szak-
munkas fiatalok szamara, esztergalyos, marods és elektronikai
miszerész kategoriékban.
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Tavlati tudomanyos kutatds terén elért eredményekért az in-
tézet alabbi munkatarsai kaptak jutalmat 1980 decemberében:

Csongor Eva Palinkas Jozsef

Hock Gabor Ricz Sandor

Kiss 11diko Sarkadi Laszlo

Koltay Ede Schlenk Balint

Medveczky Laszlo6 Valek Aladar
Végh Jénos

az ""Atomenergia kutatas" MTA tércaszintl kutatasi féirany te-
riletén elért kutatasi eredményeikért;

Horkay Gyo6rgy
"A szamitastechnikail kutatasok és alkalmazasaik'™ MTA tarca-
szintli kutatasi foéirany teriuletén elért eredményeiért;

Balogh Kadosa Mérik Gyula

Molnar Joézsef Paadl Andréas
"Az orszag természeti er6forrasainak kutatasa és feltarasa"
KFH tarcaszintl kutatasi fdéirany teriletén elért eredményeikért.

Az 1979/80 tanévben az ATOMKI-ben szerz6déses megbizassal
dolgoz6 fizika-tanarok kutatasi eredményeinek elismeréseként
az MTA Természettudomanyi 1. F6osztaly vezetdje

Krassoi Kornélia

Szaldobagyi Zsigmond és

Valyi Attila

tanarokat pénzjutalomban részesitette.

Egyetemi doktori aimet az év folyaman az intézet kutatoi
és mérnokei kozul 4 f6 szerzett.

1980. folyaman az ATOMKI-ben 106 kulfoldi vendéget3 illetve
latogatécsoportot fogadtunk.
Az ideldtogatd vendégek koziul név szerint az aldbbiakat emlit-
Juk meg:

1980. 1. 4-én aspiransként kezdte meg munkajat az ATOMKI-
ben Mahboub Abd El Hady arab fizikus az Elektrosztatikus Gyor-
sitd Osztalyon, dr. Koltay Ede aspiransvezetd iranyitasa alatt.

1980. marciusaban két napos latogatasra érkezett Prof.
K. Eeoola finn fizikus professzor az EOtvos Lorand Fizikai
Tarsulat vendégeként.

Dr. I.M. Band szovjet professzorn63 a Leningradi Magfizikai
Intézet (Leningrad, Gatcsina) professzora MTA kulénmeghivott
vendégként egy hetet toltott az ATOMKI-ben.

Dr. K. Turek csehszlovak fizikus, tud. munkatars (Institute
of Radiation Dosimetry, Prague) 1980. juniusdban 4 hetes ta-
nulmanyuton volt az ATOMKI-ben.

Dr. S. Morita japan professzor (Tohoku University, Sendai,
Japan) a Kulturalis Kapcsolatok Intézetének vendégeként két
hetet toltott az ATOMKI-ben.
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Az 1979-ben meghirdetett ATOMKI jubileumi palyazat két
nyertese az NDK Dr. H. Reinhardt és a lengyel W.A. Kaminski
egy-egy hetes intézeti tanulmanylton voltak az ATOMKI-ben 1980
Jjuniusaban.

Dr. T. Mukoyama japan fizikus (Laboratory of Nuclear
Radiation, Institute for Chemical Research, Kyoto University,
Kyoto, Japan) 1980 szeptemberében harom hetet toltott vendég-
kutatéként az intézetben.

A.J. Barishnyikov tud. munkatars és E.L. Jadrovszkij tud.s.
munkatéars szovjet vendégek 1980. okt. e-tél 21-ig voltak az
ATOMKI-ben egyuttmikodési méréesek, ill. kiértékelés végzésére
az Obnyinszki Fizikai Energetikai Intézetb6l (Obnyinszk, SzU)
OAB egyuttmikodés keretében.

V.V. Afroszimov szovjet professzor (A.F. I10FFE Fizikai
Technikai Intézet, Leningrad) MTA kulonmeghivottként 5 napot
toltott az ATOMKI-ben. Ugyanebb6l a leningradi intézetbdl
M.Ya. Amusja professzor ugyancsak 5 napos latogatasra érkezett
az ATOMKI-be dec. 9-én. Mindkét szovjet professzorral targya-
lasokat folytatott az intézet igazgatdja a két intézet kozot-
ti egyuttmikodés lehetbségeirol.

1980. folyaman az intézet kutatdéi és mérndkei Osszesen 126
alkalommal utaztak kulfoldre, konferencidkon, kongresszusokon
vagy tudomanyos tanacsiulésen vald részvétel, illetve tanul-
manydt vagy tudomanyos egyuttmikddés keretében, hosszabb-rovi-
debb tanulmanyok, kutatdmunka folytatdsa vagy tapasztalatcsere
céljabol.

A Dubnai Egyesitett Atomkutatd Intézetben hosszabb kulfoldi
munkavallalassal a Szovjetunidban dolgozik dr. Tarkanyi Ferenc
tud. munkatars (1977. novemberétél) rovid felezési idejld neut-
ronhiadnyos ritkafold-elemek magspektroszképiai vizsgalata té-
maban. Dr. Végh Laszl6 tud. munkatdrs nagyenergias magreakcio
kutatasok és komplex magreakci6 észlelések elméleti feldolgo-
zdsaval foglalkozik a dubnai Magproblémak Laboratdriumaban
1978. januarjatol 1982. jan. 30-ig.

Dr. Arvay Zoltadn tud. segédmunkatars ugyancsak a Magproblémak
Laboratériumaban 1980. december elején kezdte meg munkajat
magszerkezeti kutatasok témaban, két éves munkavallalas kere-
tében.

A bielefeldi Egyetem Fizikai Tanszékén (Bielefeld, NSzZK) dolgozik
egyéves munkavallaldssal 1980. julius végétdl dr. Sarkadi
Laszl6 tud. munkatars, és ott bels6héj-ion-atom Utkdzésekben
torténd gerjesztések problémaival foglalkozik.

Dr. Lovas Rezs6 tud. fémunkatars a daresburyi Tudomanyos Kuta-
tasi Tanacs Laboratdériumdban 1980. augusztusatél kezdédoleg
egy évig dolgozik munkavallalassal, ahol elméleti magfizikai
kutatasokkal foglalkozik.

Dr. Szabd Gyula tud. fémunkatars 4 hénapot toltott (ugyancsak
munkavallalasként) a J.W. Goethe Egyetem Magfizikai Intézeté-
ben (Frankfurt/Main, NSZK) ahol nehézion kutatasokkal foglal-

135



icozott. E munkavallalasra a frankfurti intézet és a debreceni
ATOMKI kozott fennalld kutatasi projekt keretében kerult sor.
Dr. Zolnai Ldezld tud. munkatars a nigériai Ile-Ife-ben az
Ifei Egyetemen NAU szakértéként dolgozott 1980. Tebruartol

6 hdénapot.
Dr. Bibok Gydrgy tud. munkatars a Humboldt Alapitvany o6szton-
dijaval a karlsruhei Alkalmazott Magfizikai Intézet Il. Cik-

lotron Laboratériumaban (NSZK) dolgozik, ahol feladata a cik-

lotron elektronikajanak, illetve mérékozpontjanak kialakitasa-
ban val6é részvétel.

Akadémiai egyezményes tanulmanyut keretében 4 hénapot toltott

dr. Vertse Tamas tud. fémunkatars Svédorszagban a Stockholmi

Atomfizikai Intézetben 1980. februarjatol juniusig.

Rovidebb kikildetések kozott emlitjuk meg, hogy kulfoldi
nemzetk6zi konferencian az év folyamadn Osszesen 18 6 vett
részt o6sszesen 20 alkalommal; egy hénapnal rovidebb tanulmany-
aton 55 f6 volt Osszesen 74 alkalommal. Meghivasra 13 f6 uta-
zott kulfoldre.

Kalfoldi, nemzetkdzi bizottsagok munkijaban vald részvétel
céljabol az alabbiak utaztak kulfdldre:

Dr. Berényi Dénes, Dubndban, az EAl Tudomanyos Tanacsulésé-
re két alkalommal; dr. Fényes Tibor ugyancsak Dubnaba, az EAI
Magszerkezeti Bizottsag ulésére, illetve az Alacsonyenergiaju
Fizikai Biz. Tudomanyos Uulésére harom alkalommal; dr. Sohlenk
Balint a dubnai EAI Nehézion Bizottsaganak Utlésére két alka-
lommal, dr. Maté Zoltdn a Magszerkezeti Biz. Ulésére ugyancsak
két alkalommal, dr. Mahunka Imre a Nehézion Bizottsag és az
Alacsonyenergiaju Tanacs uUlésére egy alkalommal utazott.

Az ATOMKI az alédbbi kulfoldi intézményekkel &all szorosabb
egyuttmiukodé sben:

- az Egyesitett Atommag Kutatd Intézet, (Dubna) ahova rendsze-
resen utaznak az ATOMKI munkatarsai, 1980 folyaman kulonds
tekintettel az 1981 évi kozOs kutatasi program elbékészitéseé-
re az el6z6 évekhez képest még szorosabba valt ez a kapcso-
lat. Ezenkiviul toébb munkavallald munkatarsunk dolgozik a
dubnai EAl-ben, mint ezt mar korabban emlitettik;

- a Koz-ponti Magfizikai Kutatd Intézet, Rossendorf
- a Csehszlovdk Tud. Akadémia Magkutaté Intézete, Praga Réz
- J. V. Goethe Egyetem Magfizikai Intézete, Frankfurt/M.

- Laboratory of Nuclear Radiation, Institute for Chemical
Research, Kyoto University, Kyoto, Japan.
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A Szocialista Orszagok Tudomanyos Akadémiai Tudomanyos
Miszerfejlesztési és kutatds-automatizalasi Koordinacios
Bizottsaganak "Vakuumtechnika, Tomegspektrometria és Elektron
spektrometria ldeiglenes Munkacsoportja™ I111. Ulését 1980.
szept. 9-12. kozott tartotta Debrecenben az ATOMKI-ben. A
munkacsoport Ulésén 20 6 résztvevd kozul 10 kulfoldi vendég
volt (szocialista orszagokbol).

Az intézeten beluli szakmai tovabbképzés fontos forumat
jelentik az intézeti szeminariumok, amelyeket 1979-ben is
rendszeresen - altalaban hetenként - megtartottunk, az
E6otvos Lorand Fizikai Tarsulat Magfizikal Szakcsoportjaval
k6z6s rendezésben. Az intézeti szeminariumokon elhangzott
eléadasokat az ATOMKI kutatoin kivul esetenként felkéert bel-
foldi vagy kulfoldi vendégelbadok tartottak. Az elbadasokat
szakmai vita kovette.

1980. év folyaman referald délutanokon az alabbi elbadasok
hangzottak el:

Januar 17. BacsO Jozsef (ATOMKI), Dr. Horvath S. (DOTE):
"A haj Ca-tartalmanak REA vizsgalata" (Ossze-
flggés keresése a szivinfarktus rizikéfaktorai
és a haj Ca-tartalma kozott).

Januar 24. Kovacs Zoltan: ™"Szinkrociklotronnal eldéallitott
1zotépelegyek szetvalasztasa gaztermokromatog-
» rafias modszerrel™.

Januar 31. Torok Istvan: "Ciklotronnal létrehozott neutron
termeld reakciok és alkalmazasaik attekintése'.

Februar s . Schlenk Balint: "Beszamolé az Egyesiult Allamok-
ban tett tanulmanydt tapasztalatairol™.

Februar 14. Morik Gyula: "Elektrosztatikus elektronspektro-
méter fejlesztése” (Egyetemi doktori disszer-
tacio) .

Februar 21. Kadar Imre: '"Rozsdamentes aceélok XPS (ESCA)
vizsgalata™.

Februar 28. Berényi Dénes: "Terveink az ion-atom Utkozések

kutatdsdban a kovetkez6 években (NAP program)'.

Marcius s . Arvay zoltan: "Szupravezetd§ szolenoid-transz-
porteres Si(Li) elektronspektrométer on-line
Uzembehelyezése és a 100Tc izotdép magspektrosz-
koépiai vizsgalata" (Egyetemi doktori disszer-
tacio) .

Marcius 13. Zimanyi Joézsef (KFKID): "Nukleéaris tuzfelhdk
fejlbdése™.
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Marcius

Marcius

Aprilis

Aprilis 10.

Aprilis

Majus

Majus

Majus

20.

27.

4.

0.

Junius 5,

Junius 12.

Tuniu9 19.

Babrovazki Jend fb6osztalyvezetd (Orszagos Ta-
lalmanyi Hivatal): 'Szabadalmi eljarasok id6-
szerl hazai és nemzetkdzi kérdésein™.

Kovér Akos, Ricz Sandor: 'lon-atom Utkézésekbdl
ered6é elektronspektrumok vizsgalata'.

Fényes Tibor: 1. "Beszamolé az ATOMKI-Kentucky
Egyetem egyuttmikodésben végzett kutatémunka-
rol”, 2. "Intézetlatogatasok az Amerikai Egye-
sult Allamokban™.

Csongor Eva, Borsy zZoltan (KLTE Foldrajzi In-
tézet), Szabdé llona: '"Nyirségi futdhomok geo-
morfoldégiaja szempontjabdl jelentdés faszén min-
tadk kormeghatarozasa radiocarbon moédszerrel™.

Dr. Horkay Gyorgy: '"Pirani és ionizacidos vakuum
mérd fejlesztések"

Gal Janos: '"Nuklearis elektronikus mérési 0Ossze-
allitasok tesztelése'.

Prof. 1. Szoghy (Kanada, Quebec): "Kutatasok és
eredmények a Laval Egyetem Van de Graaff labo-
ratériumaban' .

Prof. E. Hoffmann-Pinther (University of Ohio
Columbus, USA): "Experiences on the operation
of computer libraries™.

Paal Andras, Sepsy Karoly: "Az ATOMKI-ben l1é-
tesitendd ciklotron laboratdérium mérési adat-
gyldjté és feldolgozé rendszere™.

Gulyas Janos: '"100Tc atommag szerkezetének vizs-
galata” (Egyetemi doktori disszertacio).

Szalay Sandor (ELTE Atomfizikai Tanszéke Buda-
pest): "Neutrino nyugalmi tomege™.

Kalinka Gabor: ™"Si(Li) rontgenspektrométerek

zaj paramétereinek vizsgalata és energiafelbonto
képességének javitasa'" (Egyetemi doktori disszer-
tacio) .

Lakatos Tamas : "J6 feloldasu, nagy terhelhet6-
ségu jelfeldolgoz6é rendszer Si-Li és Ge-Li
spektrométerekhez" .

H. Reinhardt (ZfK Rossendorf) (ATOMKI jubileumi
palyadzat nyertese): "Semiclassical theory of
large amplitude collective motion™.



Junius 26.

Szeptember

Szeptember

Szeptember

Szeptember

Szeptember

Oktébher 9.

Oktébher 16.

Oktober 23.

Oktébher 30.

11.

18.

25.

November 20 .

November 28

December A4.

S. Mériba (Sendai, Japan): 'Cyclotron Center
in Sendair and Experiments on Continuous X-rays
from proton impact'.

Valek Aladar, Faal Andras: '"'Beszamold az NSZK-
Holland tanulmanyuairol' és

Vertse Tamas: '"'Beszamoldé a svédorszagi tanul-
manyuairol™ .

T. Mukoyama (Kyoto University): "Nuclear
Excitation by Positron Annihilation™.

Kruppa Andras: "A szeparalhatdé potencial méod-
szere es alkalmazasa egyreszecske-palyak meg-
hatarozasara" (Egyetemi doktori disszertacio).

Végh Laszl6é: "Az A(p,Nd)B kvaziszabad reakciok
elméleti vizsgalata kozepes energiakon'.
(Kandidatusi értekezés hazi vitaja).

Prof. F. Fukuzawa (Kyoto University): "Charge-
changing-collision experiments at Kyoto Uni-
versity" .

Bujdosé Erné (MTA Informatikai és Tudomany-
elemzési Kutatasi Féosztaly): "Informacio,
kommunikacidé és kutatas'.

Bertelendi Ede: '"Légkori atomfegyver kisérletek
altal termelt radiokarbon beépilése fak év-
gylrdibe™ .(Egyetemi doktori disszertacio).

Harangozéné Varga Zsuzsanna: "'Szilardtest nyom-
detektorok felhasznalasa radiografiai vizsga-
latokban'. (Egyetemi doktori disszertacio).

Kibédi Tibor: "Miniorange spektrométerek' és
Zolnai LaszIl6: '"Beszamold a Nigériaban folyta-
tott NAU szakértéi tevékenységroél'™.

Borbélyné Kiss 1ldikdot Koltay Ede3 Laszld
Sandor3 Szabd6 Gyula: "PIXE; kulfoldi tapaszta-
latok és sajat eredmények'.

Prof. V.V. Afroszimov (IOFFE Inst. Leningrad):
"Fundamental processes at atomic collision
physics research and its application for diag-
nostics of hot plasma™.

Nagy Sandor (KLTE Kis. Fiz. Int.): "Az 23s8U(n,f)
folyamat tomegeloszlasanak vizsgalata az *
1,5-15 MeV tartomanyban'. (Kandidatusi disszer-
tacid hazi védése).

139



December 11. Kree Karoly: "Elektron bombazassal l1étrehozott
bels6 héj ionizacios vizsgalatok a 60-600 keV
bombaz6é energia tartomanyban®.(Egyetemi doktori
disszertacio).

December 18. Kénya Albert akadémikus és Giber Janos egyetemi
tandr (BVME Fizikai Intézet): "Feluletfizikai
kutatdsok a BME Fizikai Intézetében a terilet
nemzetkozi helyzetének tukrében'.

1980. ev folyaman az ATOMKI KISZ Szervezetének kuls6é kap-
csolatai tovabb fejlédtek. A KISZ KB Ertelmiségi Fiatalok
Tanacsa Fiatal kutatdék Munkabizottsagaban valdé részvételen tul
szorosabba valt a kapcsolat a DOTE és a KFKI KISZ szervezeté-
vel.

Az ATOMKI-be 06sszesen 1400 nem kutaté latogatd érkezett az
év folyaman. A latogatd-csoportok programjanak osszeallitasat
€s a csoportok vezetését az intézeti KISZ-tagok végezték.

Osszeallitotta : Kovdoh Adamné

MAGVAR \
TUDOMANYOS AKAPEMA






Az ATOMKI Kozlemények negyedévenként jelenik meg.
Terjeszti az ATOMKI Konyvtara (Debrecen, Postafiok 51, 4001).
Tudomanyos intézetek és konyvtarak kiadvanyaikért cserébe
vagy ellenszolgaltatas nélkul is megrendelhetik. Kérésre

egy-egy szamot vagy kulonlenyomatot maganszemélyek is ingyen
kaphatnak.

Szerkeszt6 Bizottsag: Szalay Sandor elnok, Lovas Rezsd
titkar, Berényi Dénes, Cseh Jozsef, Csikai Gyula, Gyarmati
Borbala és Medveczky Laszlo.

Kiadja a
Magyar Tudomanyos Akadémia
Atommagkutatd Intézete

A kiadasért és szerkesztésért feleldbs
dr.Berényi Dénes, az intézet igazgatdja

Készult az ATOMKI nyomdajaban
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TUDOMANYOS KOZLEMENYEK

DETERMINATION OF NUCLEAR RADIT FROM DATA MEASURED
ON SAMPLES CONTAINING SEVERAL [1SOTOPES*

I. ANGELI/ T, TARI

Institute of Experimental Physics, Kossuth University,
H-4001 Debrecen, Pf. 105, Hungary

The connection between the radius of a single nuclide and
the "average radius” measured on a sample containing several
isotopes, 1s given by a simple expression. For practical pur-
poses a table 1is presented that renders possible to estimate
the radius for the most abundant 1isotope of an element fron
the value measured on a sample with natural 1isotopic composition.

MAGSUGAR MEGHATARQZASA 1ZOTOP-KEVEREKRE VONATK0ZO MERESI
ADATOKBOL. Egyszer( o0sszefliggés adhaté meg az izotdép-keveréken
mért "atlagos sugar" és egy meghatdarozott mag sugara kozott.

A gyakorlati szempontbdl legfontosabb esetre (a természetes
izotép-6sszetétell mintéban legnagyobb aradnyban jelenlevé izo-
tépra) alkalmazandd korrekciokat tablazatban adjuk meg.

ONPEJENEHUE PAJUYCA HAPA U3 JAHHHX W3NEPEHWA, BHMNONHEHHbHX B
CNYYAE CMECKW WN30TOMOB. MpocTaq CBA3bL MUMEETCA MEXAY "CpepHuwm
paguycom"™, WU3MEPEHHHM Ha CMeCcH W30TONOB U pajuycom ONpPejeneH-
HOTro Hyknuga. Wcnonb3yemse KOpPPEeKLWUW CamMOro BaAXHOro cnyuyas
(n3oTton Haubonbwel nponopuuum E€CTECTBEHHOR CMecCU) npuBefeHb a
Tabnuye.

1. Introduction

The term "nuclear radius" 1is generally attributed to a given
nuclide. Nevertheless, because of financial or technical dif-
ficulties, radius measurements are often performed also on
elements with natural i1sotopic composition (see e.g. refs.
[1-3])-. Sometimes, nuclear radius is only a "by-product™ of
other investigations, e.g. [4]. The result In these cases is
an "average radius" which either is published with the label
"nat." attached to the symbol of the respective element, or it
iIs attributed to the most abundant isotope of the element.

*Dedicated to Professor J. CSIKAI on the occasion of his fiftieth
birthday.
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The Tfirst procedure i1s fair but physically meaningless, while
the second may be misleading. In this paper the quantitative
connection between the average radius of an element and the
radius of a given 1isotope will be investigated. The values of
the necessary corrections are presented in tabulated form.

2. Description of the correction procedure

Let us denote the measured average rms charge radius of an
element by r”, the (unknown) radius of the i-th isotope by rj,
the abundance of this isotope by fJ (). For a given element
(2, the mass number dependence of rj follows the rule

r @ ver A, @

where Azaz is a simple function of the atomic number Z [5].
Using these notations and rules, the average radius can be ex-
pressed as follows:

100 rz.flrl.f2r2. ofirl.o...+f r.“r

*r *

Introducing the notation

and assuming that s ,<<1 , we get (1+6I)1/V~1+?; 6 - @)

J \

With this approximation,
n

— 2 r
100 rz=r. (f"e +f n‘ v \]'1» f.jB.j) (3)
!
and the relative (per cent) difference between the measured
average radius and the unknown rj:
A 100-1 2° @

It can be seen that in principle for any isotope the radius 1j
can be estimated as

- rz
rl_ 1*0-01ﬂ.- * )
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A few examples are displayed in Table 1.; this contains
also a comparison of calculated rj values with experimental
ones.

Table 1.
Element
r, A1 fhg%) 1. eaf. ri, . Refs.
Zr 0] 51.5 4.26(2) 4.26(2) 21, 3]
4.28(2) al 11.2 4.27(2) 4.31(3) 21, [3]
o7 17.1 4.29(2) 4.30(3) 21, [31
A 17.4 4.33(2) 4.33(3) 21, I3]
9] 2.8 4.36(3) 4.4003) 21. [3]
Cd 106 1.3 4.5402)
4.60(D) 108 0.89 4.56(2) - -
110 12.5 4.58(D) 4.58(2) 21, 3]
111 12.8 4.59(D) - «
112 24.11 4.60(D) 4.61(2) IZ1. [31
113 12.2 4.60(D - -
114 28.7 4.61(D) 4.62(D) ], [3]
116 7.5 4.63(D) 4.6402) 21, I3]
Sn 112 1.0 4.59(2) 4.62(4) 1. 3]
4.64(0D) 114 0.67 4,6C(2D 4.60(2) 21, [31
115 0.38 4.61(2) - -
116 14.7 4.62(2) 4.64(2) 2], 3], [&]
117 7.75 4.63(2) 4.64(2) 2], [3]
118 24.3 4.63(D) 4.65(D) 2], [3]
19 8.6 4.64(1) 4,64(3) 2], [3]
120 324 4.65(D) 4.66(2) 2], [3]
122 4.6 4.66(2) 4,68(2) 2], [3]
124 5.6 4.68(2) 4.69(D 2], [3]
Rb 204 14 5.47Q0D) 5.480(5) 1, 3], I9]
5,49(D) 26 24.1 5.48(0) 5.490(5) 1, 131, 9]
207 22.1 5.490D) 5.497(6) [Z1. 31, 9]
208 52.4 5.49(D) 5.503(5) 21, [31. 9]

It is practical, however, to choose an i1sotope for which the
correction Ay i1s small; 1in this case the uncertainty caused by
the error of 1/v in eq. (4) will also be low. An inspection of
the sum iIn the right hand side of eq. (4) shows that 1t will be
small if

1) the fj abundances ((#1i1) are low, 1.e. fJ i1s high,
i1) there are both positive and negative 0.—S, 1.e. the i-th
isotope is near the centre of the isotopic sequence.
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Table 2. shows the A] values calculated for the most abundant
|sotopes of elements; the columns contain:
the chemical symbol of the element;

- the mass number of the isotope with the highest abundance;

- abundance (%) of this 1isotope, as listed in refs. [6];

- the sum on the right hand side of eq. (4); as 6 ;-s are pure
numbers and the fj-s are generally known with aJfairly
small uncertainty, the value of this sum renders possible
that - having improved 1/v values - the user of the table
will be able to calculate new AJ corrections easily;

- the correction AjJ 1n per cent together with its uncer-
tainty;

- the characters in the last column refer to a comment on the
element 1n chapter 11I.

Table 2.
Element - - r f£.6. W - Coments
Al L) j#i 33 Al )

H 1 99.985 - 0.0209(4) a
He 4 99.99986 - 0.00004 0

Li 7 RN.5 - 1.0714 0.16(6)

Be 9 100 0 0

B 11 80.2 - 1.8000 - 0.2QD

C 12 98.89 0.0925 0.02(D

N 14 99.634 0.0261 0.009(2)

0 16 99.758 0.0279 0.012(4)

F 19 100 0 0

Ne 20 90.51 0.9355 - 0.11(%

Na 23 100 0 0

M? 24 78.9 1.3342 0.01(2

A 27 100 0 0

Si 28 RN.23 0.3882 0.05(D

P 31 100 0 0

S 2 95.02 0.2889 0.07(2

Cl 35 75.77 1.3846 0.4

Ar 40 99.60 - 0.0368 - 0.011(3) b
K 39 93.258 0.344 0.05(3)

Ca 40 9%6.A 0.289% 0.01(D

Sc 45 100 o- 0

Ti 48 73.7 - 0.1698 - 0.002(%

Y% 51 99.750 - 0.0049 0.0001(3)

Cr 52 83.79 0.1062 0.01(D b
Mn 5 100 0 0

Fe 56 91.75 - 0.1588 - 0.05(D)
-.Co 50 100 0 0

Ni 58 68.27 1.3002 0.36(4)

Cu 63 69.2 0.9778 0.24(2

Zn 64 48.6 2.2959 0.5

Ga 69 60.1 1.1565 0.21(%)

Ge 74 36.5 - 1.7432 - 0.2®

As 75 100 0 0

Se 80 49.8 - 1.1592 - 0.12(%
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Element

S E ZRSRR=F 55039 EIYIEIGERE

@

 BEEBBRRI

SRBR

BEANCRERRRREBINEERRERDE  RREBERRNEREER

L )

50.69
57.0
72.17

Q

CIBEBBERS

N U100 w~Nog

8

f. 4 O
L J

J

1.2484
- 0.1333
0.6548
- 0.3286

11
000 00000

Q)

0.09(4)
- 0.003(D)
0.01(2)
0.003(9)

0
0.55(4)

0

- 0.63(5)
- 0.23©®
0

0.12(D)
0.24(2)
- 0.29(3)
- 0.018(3)
- 0.192)
0,06(4)
- 0.2(3)
0

~ 0.05(D)
0

— 0.026(6)
~ 0.0001(D)
O'OZ)(D

O-7§(6)

- 0.52(3)
- 1.0
- 0-23(3)

- 0-2%(2)
0.19(1)
0

— 0.114(6)
0.0032(%)
- 0.14(3)
0

~ 0.010(1)
~ 0.067(8)
- 0.132)
~ 0.043(6)
0.008(1)
0
~ 0.013(D)
~ 0.058(4)
- 0.078(6)
0

Comments
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Element Aj fi ) V. f/,\ 6 - (D] (D) Conments

JHI

Po - - - - Cc
At - - - - C
Rn - - - - Cc
Ft - - - Cc
Ra - - - - C
Ac - - - - C
Th 232 100 0 0

Pa - - - - C
U 238 99.2746 - 0.0092 - 0.0040(5)

A list of Aj values for v=3, 5 and 100 has also been cal-
culated [7].

It is worth mentioning that these results remain valid also
in the case of squared radii (actually, some experiments meas-
ure <r2> and not its square root). In this case the left side
of eqg. (4 has the form

FZZ—rZ (r *r ) (r -r ) r-r
100 = - -—— ———————L 100 * 2 -—— - 100
mi -3 "1

Now @n egs. (2) and (3 we have instead of rj/rj
r 2 A 2/v

M) =@
Al

r

2/v ,, "

and this results in 2/vEl on the right of eq. (4), 1.e. the
same factor 2 appears on both sides.

3. Comments

The are a few elements for which the simple procedure de-
scribed in Chapter 2 is not valid. Here we discuss these
special cases; the label i1n front of each paragraph is referred
to in the last column of Table 2.

a. ) In the case of hydrogen the assumption 6j<< 1 does not
hold and - as a consequence - eq. (4) can notJbe applied.
Therefore, in this case the directly measured r/?H/ value was
used for the calculation of the average. /

b. ) Each of the isotopic sequences of leAr, 2,Cr, 5BCe> 63Eu
and 64Gd includes a member with magic neutron number. As a
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result, the mass number dependence of these sequences can be
characterized by two exponents instead of a single one [5]. An
elementary but somewhat lengthy calculation yields:

where

,U) _ AK"AN

jMa1 I A

1/v and 1/y are the two exponents, and M stands for the iIndex
of the 1i1sotope with magic neutron number.
c.) These elements have no stable i1sotopes.
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ANOTHER POSSIBLE MECHANISM FOR INTERNAL 1ONTZATION
IN BETA DECAY AND ELECTRON CAPTURE

TAKESHI MUKOYAMA
Institute for Chemical Research, Kyoto University,Kyoto,Japan

GABOR HOCK
ATOMKI H-4001 Debrecen, Pf. 51. Hungary

The internal conversion of the internal bremsstrahlung ra-
diation is considered as a possible mechanism of internal
ionization accompanying 6“ decay and electron capture. The
probable Feynmann diagrams indicate that in the case of [~ de-
cay this process is equivalent to the direct collision, while
in eiectron capture this corresponds to the initiai-state cor-
relation. Rough estimations of the probability for this proc-
ess have been made and compared with the experimental data.

A 8ETA-BOMLAST ES ELEKTRONBEFOGAST KiSERO BELSO 10NIZACIO0
EGY LEHETSEGES MECHANIZMUSA. A 8“-bomlast és eiektronbefogast
kiséré bels6 ionizacid egy lehetséges mechanizmusaként a bel-
s6 fékezési sugarzas bels6 konverzidjat tekinthetjuk. A meg-
felel6 Feynmann-grafok szerint a $“-bomlasban ez a folyamat
ekvivalens a direkt Utkdzéssel, mig az elektronbefogasban ez
megfelel a kezdeti allapot korreldciénak. A folyamat valdszi-
nidségének becslése alapjan O0sszehasonlitast tettink a kisér-
lette I.

BO3MOXHbII MEXAHW3M BHYTPEHHEA VOHW3ALMM, COMPOBOXAALEN
BETA-PACINAL N 3AXBAT 3/IEHTPOHOB. BHYTpeHHAS KOHBEpPCUA BHYTPEH-
HEero TOPMO3HOIN0 W3J/ly4eHUs paccMaTpuBaeTCA HaM BO3MOXHbIA MeXa-
HU3M B BHYTPEHHENW WOHM3auMK, COMpoBOXAawlen 8“-pacnag U 3ax-
BaT 23/1IEKTPOHOB. [l0 COOTBETCTBYWWUM PeilHMaHOBbIM Anarpammam 3TOT
NPOLECC 3KBUBA/IEHTEH MPAMOMY CTO/IKHOBEHUIO 3/1EKTPOHOB MpU 8~-
pacrnage, a npu 3/1eKTPOHHOM 3axBaTe OH COOTBETCTBYET Koppensuum
HayaslbHbIX COCTOSIHUA. Pe3ynbTaTtbl, MNOJlyYeHHble M3 OUEHHW BeposT-
HOCTW npouecca, CpaBHMBATCA C 3KCMepUMeHTaMu.
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1. Introduction

The atomic i1onization accompanying [~ decay and electron
capture has been extensively studied both theoretically and
experimentally [1]. The principal mechanism contributing to
ionization has been believed for a long time to be the shakeoff
process due to the sudden change iIn central charge during nu-
clear decay. However, we have pointed out recently that in the
case of - decay the theoretical predictions of K-electron
shakeoff probability are systematically smaller than the recent
experimental data [2,3]- This fact suggests the existence of
gther mechanisms iIn the i1nternal 1onization process during [~
ecay -

In the pioneering work of the internal 1onization In [~ de-
cay, Feinberg [4] proposed another possible channel which is
usually referred to the direct collision; the scattering of
the atomic electron by the [~ particle through the Coulomb
interaction between two electrons. He treated this process as
two steps [4,5]. In the first step, the ordinary [~ decay
takes place with the emission of an electron and an anti-
neutrino from the nucleus, and then an atomic electron is e-
jected by the Coulomb scattering of this B~ particle.

According to the estimation of Feinberg, the ratio of the
probability for the direct-collision (DC) process of the K-
shell electron to that for the K-shell shakeoff (S0) process
iIs given by

P*(DC) I,
pjTsol % i (@)

where 1k 1s the K-shell binding energy of the daughter atom
and Eg 1s the Kkinetic energy of the [ particle. This eqguation
predicts very small DC probability for most nuclides, except
for the case of extremely small transition energy.

On the other hand, Weiner [6] estimated the DC probabilities
from the experimental cross sections by electron impact ioni-
zation. Following the method of Williams [7], he divided the
ionization cross section of atom by external electron impact
into two parts; the virtual photoelectric effect corresponding
to the large iImpact parameter and the direct collision with
the small iImpact parameter. A similar method also has been
successfully used by Kolbendtvedt [8] to estimate the electron
impact ionization cross sections of atoms.

Considering that the DC process in * decay is closely re-
lated to the close collision with small Impact parameters,
Weiner calculated the contribution of the close-collision part
of the total K-shell i1onization cross section by electron
impact. He estimated the cross section of the virtual photo-
effect by the Weizsacker-Williams method [9] and subtracted
this value from the measured value of the K-shell i1onization
cross section by external electron impact. The K-shell 1oni-
zation probability due to the DC process is given by the fol-
lowing relation:
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Pﬁ(DC) » 3ade|* /(4TTIR2), )

where denotes the K-shell direct ionization Ccross sec-
tion of the atom by the close collision and R is the K-shell
radius. The calculations have been made by the use of the mean
energy of the 3" particle of the"corresponding nuclides.- It
was found that, on the contrary to the prediction of Feinberg,
Eq. (@) gives a large DC probability in 3" decay. However,
such a large value i1s not supported by the recent experimental
data of K-shell ionization probability.

Here we present an alternative possible mechanism In the
K-shell internal ionization accompanying 3 decay and electron
capture. As a second-order process in 3 decay, it is well
known that a continuous electromagnetic radiation iIs emitted
accompanying a 3 particle and an antineutrino. This process,
called iInternal bremsstrahlung, is due to the change iIn the
electric dipole moment of the nucleus during 3 decay. If this
radiation is emitted virtually and the energy is transferred
to an atomic electron, the orbital electron is ejected ac-
companying 3 decay. This process is quite similar to the in-
ternal conversion of the internal Compton effect (ICICE) pro-
posed by Listengarten [10], where two orbital electrons are
emitted during the iInternal conversion process. Thus the new
process proposed here may be called internal conversion of
internal bremsstrahlung (ICIB).

In Fig. 1, the Feynmann-like diagrams for 8" decay are
shown. The diagram (a) represents the ordinary 8' decay. The
solid line denotes an electron and the dashed line 1is a
neutrino, The diagram for internal bremsstrahlung iIs shown by
(b) and the SO process is represented by the diagram (c). The
diagram for the ICIB is given by Fig. 1(d). It can be seen
that the diagram for the DC process is also given by the same
diagram. This means that the ICIB process iIn 8*“ decay Iis
equivalent to the DC.

The change i1n the nuclear electric moment can occur when
an orbital electron i1s captured by the nucleus. Therefore, a
bremsstrahlung radiation is also emitted accompanying electron-
capture decay and there is a small probability that an orbital
electron is ejected in electron capture. Fig. 2 shows the
diagrams for electron capture; (@) the ordinary electron-cap-
ture decay, (b) i1nternal bremsstrahluiag in electron capture,
(c) the SO process i1n electron capture and (d) the ICIB in
electron capture. It i1s clear that the diagram (d) for the
ICIB iIs the same as that for the process called iInitial-state
correlation in double photoionization [11]. According to this
point of view, the ICIB is described as follows: Because of
the correlation effect between two electrons iIn the initial
state, both electrons are excited virtually. When one electron
iIs captured by the nucleus, the other electron leaves the
atom. Thus, the ICIB process iIn electron capture can be con-
sidered to be equivalent to the initial-state correlation
effect.
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© @

Fig. 1. The diagrams for (- decay; (@) ordinary 3~ decay, (b) Inter-
nal bremsStrahlung In 3~ decay, (C) shakeoff process in [~ decay, (@) iIn-
temal conversion of intermal bremsStrahlung.

© @

Fig. 22 The diagrams for electron capture; (@) ordinary electron-cap-
ture decay, (b) intemal bremsstrahlung iIn electron capture, (C) shakeoff
process in electron capture, (d) intemal conversion of intemal brems-
strahlung.

In the present work, we adopt a simple model to estimate
the probabilities of the ICIB process in [~ decay and electron
capture. The calculated probabilities are added to the SO
probabilities to yield the K-hole production probabilities per
- decay and the double K-hole production probabilities per K
capture. These probabilities are compared with the experimen-
tal values.
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2. Theoretical model

2.1. Beta decay

According to the theory of iInternal bremsStrahlung, the
probability per [ decay that a photon with energy K iIs emitted
is given by [12]

W $o<wj” ) po(w;) dw;

P(k)dk I";‘k dk £ ®)
31 Polve) dug
where
Pe(WS) = PL wy, (Wo-WP2 FizV) 4)
and

*n(We+pe) - 2 ©)
PeWe

Here Wo is the transition energy of [ decay, Po(W4) represents
the probability that an electron with total energy W@ and the
momentum IS emitted in B decay, and 4» (WQ,k) corresponds

to the probability that an electron with total energy Wg will
radiate a photon with energy k. The function F(Z,Wg) 1is the
Fermi function for atomic number Z and electron energy

Wg, We=We~k, pe is the electron momentum corresponding to We,
and a 1s the fine structure constant. Throughhout the present
work, the relativistic units(fi=me=c=1) are used.

The multipolarity of the electromagnetic radiation emitted
in internal bremsstrahlung i1s considered to be electric dipole.
Following the method of Listengarten for the ICICE [10], the
probability per B decay that a K-shell electron is emitted
with total energy W is given by

PK(WAW = P(K) RE1(Z,k) dk , ®)

where W=k-1K+1, 1K is the K-shell binding energy of the daugh-
ter atom, and RE1l (Z,k) is the K-shell internal conversion
coefficient for the atomic number Z and for the transition
energy K in the case of ElL transition.

Oh and Pratt [13] pointed out the relation between the
cross section for photoelectric effect and the iInternal con-
version coefficient for EL transition:

RE1(Z,K) 8t (Zu)2 aK (7)
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where oK i1s the K-shell photoelectric cross section for the
incident photon of energy k. Substituting Eq. (7) into Eq. (e),
the ICIB probability per O decay can be written as

K P QW) di
Pkeyaw = S9K gk ®)
s Z2ka t
PO(Wé)) dWe

The total ICIB probability of K-electron ejection per 8“ decay
IS obtained by integrating Egq. (8) with respect to W:

Pyt PKOW) dW . ©

From Egs. (8) and (9), 1t can be seen that the main contri-
bution to the total probability comes from the photon energy
K In the region near the threshold energy l« for the photo-
electric effect, because both P(k)dk and a« are rapidly de-
creasing functions with increasing k. This fact makes i1t pos-
sible to use an approximate formula for aK in Eg. (8).

The nonrelativistic formula of the K-shell photoelectric
cross section In the hydrogenic model was first derived by
Stobbe [14]. His result can be given iIn the following from

[15] :

7 11 Y
O m~—~——~ a exp(-4n arccot n)/[ 1-exp(-2imM)]J(—-) , (10)
K az2 ° " K/
where lo=%(azZ) 1is the i1deal K-shell i1onization potential in
the hydrogenic model, a0= 8t1r£/3, r0 is the classical electron
radius, and

n-[(k/10) -1]%* (11)

Since the 1mportant region in the integral of Eq. (9) cor-
responds to the large values of n, a good approximation can be
obtained by expanding Eq. (10) in terms of 1/n and neglecting
the contributions from the higher-order terms. Kolbenstvedt
[s] used such an approximation formula which contains terms up
to 1/n2 [16]. Furthermore, he proposed to take Into account
the effect of the screening due to presence of other atomic
electrons. This can be done by replacing the atomic number Z
by Zeff*Z-0.3 for K-shell electron and by introducing the so-
callea K-shell screening number, which is defined as the ratio
of the measured K-shell binding energy l« to the ideal value
lo with Zeff [17].

Recently Hock has modified the Kolbenstvedt model and ob-
tained a better approximate formula to a« [18]. For large val-
ues of n the terms containing n in Eq. [10] can be expanded up
ta 1/n" :
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exp(-4n arccot n)/[ 1l-exp(-2mn)]
-4
« “d5+60/ n2+4/ ) . (12)

In addition, a new screening number is defined as

0 = IK/[% a2 (Z-1)2] - (13)

This corresponds to the replacing the i1deal i1onization poten-
tial for Zeff by that for Z-1. Using Egs. (12) and (13)r Eq,
(10) can be written as

97 -4

oK= a (K9 2 —  [4(KO)~+52(KO) - 11] (14)
K cIl 45

where K=k/I1™. This equation gives a very good approximation to
the exact photoelectric cross sections calculated by Scofield
using the relativistic Hartree-Fock wave functions [19].

In the present work, Eq. (14) 1is used for a« iIn Eq. (8) and
the total ICIB probability is calculated according to Eg. (9).
It 1s well known that in the case of iInternal bremsStrahlung
Eq- (3) diverges for small values of k and the total proba-
bility cannot be obtained by such a simple model. However, 1In
the case of the ICIB the lower limit of integral in Eq. (9
corresponds to k=Ik and we can avoid the divergence in the
total probability.

2. 2. Electron capture

Assuming an allowed transition and neglecting the Coulomb
effect, the energy spectrum of photons emitted iIn the internal
bremsstrahlung per K-electron capture 1is given by [20]

S (K)dk = C(K) W - k2 dk . (15)
t'WO

Here C(k) i1s a function slowly varying with k. For simplicity,
we set C(k)=1, i1.e. we use the formula derived by Morrison and
Schiff [21].

In internal bremsstrahlung, the electromagnetic radiation
IS considered to have El character. The ICIB probability with
the emission of a K-shell electron i1s expressed in the similar
manner to the case of decay as

PKK(W)dW = s S(k) BE1 (Z,k) dk , (16)

where W is the total energy of the ejected electron and the
factor % accounts for the existence of only one K-shell electron
in the daughter atom after K capture.

Substituting Eq. (15 into Eq. (16) and using Eq. (7)), the
ICIB probability per K capture can be written as
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3
PKK(w)dw (WQ-ky2 dk an
l6rT

Considering the strong energy dependence of the photoelectric
Cross section, a« can be approximated by the low-energy formula,
Eq.- (14). The total ICIB probability per K-electron capture is
obtained as

aw (18)

3. Results and discussion

We have calculated the ICIB probabilities iIn ¢ decay and
in K-electron capture for several nuclides iIn which the experi-
mental data are available. The nuclear transition energy of
these nuclides and the K-shell binding energy of the daughter
atoms are taken f?rom the tables prepared by Lederer and Shirley
[22]. The numerical calculations iIn the present work have been
performed on the PDP-11/40 computer of ATOMKI and on the FACOM
M-200 computer in the Data Processing Center of Kyoto Univer-
sity.

The total K-shell ICIB probability per [~ decay was calcu-
lated using Eq. (9 with the c« value obtained by Eq. (14).

The calculated results are shown in Table 1. The ratio of the
K-shell binding energy to the end-point energy of the 3 decay,
IK/EO3 1s also listed In the table. In order to compare the
present results with the experimental data, P« (ICIB) should

be added to the K-shell SO probability, P« (S0). In the table
the P« (80) values calculated by Isozumi et al. [2] are shown
and the K-hole production probabilities per 3 decay are esti-
mated as a sum of probabilities for these two processes,

PK (SO+ICIB). Experimentally these processes cannot be measured
separately. In the table we list only the recent experimental
values measured with high-energy-resolution detectors, because
old experiments with poor-resolution detectors, such as Nal(Tji)
or proportional counters might contain contributions from
Spurious X rays.

It can be seen from the table that for heavy nuclides the
calculated K-hole production probabilities are in good agree-
ment with the experimental values. The discrepancy between the
experimental data and the P« (S80) values can be explained by
taking into account the existence of the ICIB process proposed
in the present work.
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Table 1. Comparison of the calculated probabilities of K-hole creation
in [ decay with the experimental data (X 10“%)

z Nuclide PKE) (@ PK(CIB) PK(SO+ICIB) Bxerimentell Ref.

V o
28 6N1I  0.139 3.0 5.72 8»81 9.6x0.9 23
91 gB9\b 0.125 1.93 3.16 5.09 9.9010.15 2
3.910.9 25
61 147/Pm 0.951 0.951 0.993 0.899 0.8110.09 26
0.9810.08 27
0.93610.063 28
62 151Sm 0.638 o0.0110 0.0150 0.0260 0.03610.005 27
0.02310.003 29
0.02910.003 23
8 203Hg 0.901 0.077 0.0259 0.102 0.1110.035 0
0.1510.095 31
8l 2042  (0.115 0.663 0.917 1.58 1 .010.1 K7
1.0210.03 3
1.1210.11 23
1.2210.16 28
@v . 2

However, fTor 63Ni and 95Nb the theoretical values are larger
than the experimental ones. This can be ascribed to the over-
estimation of the ICIB probability for these nuclides. As al-
ready described above, the formula for internal bremsstrahlung
used In the present work, Eg. (3), diverges at small values
of k. The lower limit of the integral in Eq. (9 i1s k=l«. IFf
this value i1s small, 1.e. for low-Z elements, Eq. (9) gives too
large values due to the divergent property of P(k). This fact
means that the ICIB probabilities for low-Z elements in the
present work are not reliable. It may be possible to avoid this
difficulty by using a more realistic model for internal brems-
strahlung i1In R- decay, but calculations become tedious. There-
fore, iIn the present work we shall confine our discussion only
for heavy elements iIn which the present model 1is valid.

It 1s also clear from the table that the contribution of
the ICIB process i1s large, it is comparable to or sometimes
larger than the SO probability. As shown in Fig. 1(d), the
ICIB is equivalent to the DC process. According to the predic-
tion of Feinberg [9,5], the DC plays a minor role i1n the K~hole
production in [~ decay, as i1t can be seen from Eq. (). However,
it should be noted that he calculated the DC probability in a
two-step model; TfTirst a real electron is ejected iIn R decay and
this electron ejects a K-shell electron through Coulomb inter-
action. On the other hand, iIn the case of the ICIB the R par-
ticle i1s ejected as a virtual electron and the whole process
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iIs treated In one step. The summations fTor virtual intermediate
states are made over all possible discrete and continuum states.
This fact suggests that the Feinberg’s treatment only partially
accounts for the process shown In Fig. 1(d).

The total K-shell ICIB probability per K-electron capture
was calculated using Eq. (18) for six nuclides. The a« value
was obtained from the analytical formula, Eq. (14). The calcu-
lated values are listed in Table 2 together with the K-shell
SO probabilities per K capture, PKx;(80), obtained by Mukoyama
et al. [34] using the relativistic screened hydrogenic wave
functions. The ratio of two times of the K-shell binding energy
to the transition energy is also included in the table. Com-
parison of the two probabilities shows that the PKK(ICIB) 1is in
the same order of magnitude as the P«k(S0). The double K-hole
production probabilities per K capture were estimated as the
sum of these two probabilities.

Table 2. Comparison of the calculated probabilities of double K-hole
creation In K-electron capture with the experimental data (x 10:5)

z Nuclide 21K/ Eo PKK(SO)(@ Pj~dCIB) PASO+ICIB) Experimental Ref.
26 SSe  0.0565 8.81 1.%4 10.35 1244 35
10.U2.7 H
K 71Ge 0.08380 4.56 1.39 5.95 13.3+1.4 37
7.810.7(b) 37
13+8(0) 3
46 103pd  0.0893 1.85(d) 1.39 3.24 3.13+0.31 e}
48 1Cd 0.280 1.02n 0.777 1.80 1.0240.36 40
5% i3l 0.195 0.709 0.987 1.70 5.0+1.0 41
2.580.2 42
2.0t 3 43
1.3310.33 44
68 16kr 0.295 0.304 0.732 1.04 1.5404 45
0.57+0.39 v\
@ Ref. A

i ""YX-electron ejection probability.
“F~This value i1s questionable. See the discussion In Ref. 3.
-#New value calculated according to Ref. 3.
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The experimental studies on the double K-hole production
probabilities in K-electron capture are rather scarce. Some of
the experimental values listed iIn Table 2 are old and less
reliable. However, it is clear from the table that the
Pkk (SO+ICIB) values are iIn good agreement with the experimental
values. In the case of electron capture, there is no problem of
divergence in the formula for photon spectrum emitted iIn inter-
nal bremsStrahlung, Eq. (15). This is the reason that the agree-
ment is good for all elements, iIn contrast to the case of R*
decay.

The experimental values for 71Ge are about twice as large as
the calculated one. However, the experimental values of Langevin
[37] was obtained with proportional counter. Nagy et al. [44]
pointed out that the larger PKK values in old experiments could
have come from various contaminated peaks In the X-ray spectrum
observed with poor-resolution detectors. On the other hand,
van Eijk et al. [39] claimed that the reliability of the crystal-
spectrometer experiment on 71Ge by van Oertzen [38] 1s question-
able due to the probable misinterpretation of the satellite line.
These facts suggest that the reliability of all the experimental
values for 71Ge i1s low.

For the same reason described above, the experiments of
Daniel et al. [41], Lark and Perlman [42], and Smith [43] on
131Cs and of Ryde et al. [45] on *e5Er are considered to be
less reliable. If we reject these experimental values,
PKK(SO+ICIB) agrees very well with all the recent reliable ex-
perimental data.

4. Conclusion

A new possible mechanism for internal i1onization iIn [~ decay
and electron capture has been proposed. This process is called
internal conversion of internal bremsStrahlung. The possible
Feymann diagrams indicate that this process iIs equivalent to
the DC process iIn the case of 3~ decay and to the initial-state
correlation in the case of electron capture.

Rough estimations of the K-shell internal 1onization proba-
bility In [~ decay and K-electron capture have been performed.
The sum of the calculated ICIB probability and the SO proba-
bility 1s iIn good agreement with the recent experimental values
for the K-shell i1onization probability. This fact suggests that
the ICIB process accounts for the quantitative disagreement
between theory and experiment iIn the internal 1onization proc-
ess .

However, the present results are based on many assumptions
and approximations. More rigorous theoretical calculations are
necessary to estimate the contribution of the ICIB process in
the iInternal 1ionization. It i1s also hoped to perform more
elaborate experimental studies with high reliability, especially
for KMelectron ejection during K capture.
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y-SPEKTROSZKOPIAI VIZSGALATOK LEHETOSEGE
AZ U-103 CIKLOTRON NYALABJAIBAN

FENYES TIBOR
MTA Atommagkutaté Intézete, Debrecen, Pf. 51.

A dolgozat rovid attekintést ad az in-beam spektroszkodpiai
modszerrel végzett magszerkezet kutatas jellegzetességeiroi,
majd a rendelkezésre allé kisérleti reakciodenergl a értékek alap-
jan megadja a 11-72 rendszamu elemek U-103 kihozott nyalabokkal
eléallithatd legkdnnyebb 1izotépjait. Az elérhetd Ilegkdnnyebb
izotépok magfizikai adatainak &attekintése utan uj magadatok
szerzésének Ilehetfségeit vizsgalja. Felsorol néhany problémat,
amelyekkel kapcsolatban uj magfizikai informacidé varhatd in-beam
y- és konverziods elektron spektroszképiai mérésekbél. A dolgozat
utolsé fejezetében attekintés talalhaté a legfontosabb kisérleti
techn ikakrél .

POSSIBILITIES OF y-SPECTROSCOPIC [INVESTIGATIONS IN U-103
CYCLOTRON BEAMS. The paper shortly surveys the characteristic
features of the 1iIn-beam spectroscopic nuclear structure research.
On the basis of the available experimental reaction energies the
lightest 1isotopes of the Il1£ Z< 72 elements are given which may
be produced by U-103 external beams. After surveying the nuclear
data of the available lightest isotopes, the possibilities of
obtaining new data are treated. Several problems are listed at
which new nuclear information 1is expected from in-beam y- and
conversion electron spectroscopic measurements. The last chapter
shortly summarizes the most iImportant experimental technics.

BO3MOXHOCTW y-CMEHTPOCHOMUWUYECKWUX WCCNEAOBAHWA B MYUYHAX Y-103
UMHNOTPOHA. B cTaTbe pfaeTcd HpaTHMA 0630p 0O XapaKTepucrTmkax
"in-beam”™ cCcnNneKTPOCKONMYECKOro uccnefoBaHWs CTPYKTYpbl aTOMHOrO
Aapa. Ha oOcCHOBe [OCTYMNHbBX 3KCNEepUMEeHTaNbHbLX 3Heprun peakyuui
paHbl neryaiuvne wusoTons 3anemeHToB "\"\<ZE 72, HoToOphE ewe MOXHO
NOMYYNTb C MNOMOWbLK BbBEeAEHHbX nNydyHoB Y-103. [MNocne o63o0opa agep-
HO- PU3NUYECHUX Q[aHHbBIX Nervyalwmx [OCTYMNHbBX WM30TONOB, W3y4yakwTcH
BO3MOXHOCTW MOJIYYEHUSA HOBbLIX JAaHHbIX. [lepeyncrieHsl HECHO/NIbHO Npob6-
neM B CBA3M C HOTOPbLMM HOBas sSAfepHO-pu3nyeckasa WUHDoOpMauUs OXU-
JaeTca U3 y- N €~-CNeKTPOCKOMNMUYEeCKUX wusmepeHuii. B nocnepHeli
rgpaBe cTaTbW paccmMaTpuBalTCHA BaxXHeMWMe I3KCNepMMeHTallbHble TeX-
HUKW .

165



1. Bevezetés

1.1. Az in-beam spektroszkopiai médszerrel végzett magszerke-
zet kutatads jJellegzetességei

Az in-beam spektroszkoépiai médszerrel végzett magszerkezet
kutatds viszonylag Ujkeletl, de mar az eddigi tapasztalatok 1is
mutatjak, hogy igen hatdsos kutatasi irany és Kis gyorsitok
mellett is sikerrel mivelhet6. Ennek f6bb okai a kovetkezOk:

a) Magreakciokban altaldban magasan fekvé nivok is eldéallit-
hatdk. o-bomlasbol ez nem mindig teljesul, kuléndsen nem a sta-
bilitasi sav kozelében, ahol a s-bomlasenergidk gyakran Kicsik.

b) A O-bomlasban a leanymag koézvetlenul gerjesztett allapo-
tainak spinje csak legfeljebb néhany egységnyire tér el az
anyamagétol. Ugyanakkor mar ~20 MeV-es bombazé nyalédbokkal is
tbbbszordsen nagyobb impulzusnyomaték valtozast lehet elérni.

c) A bombazé részecske energiajanak valtoztatasaval a nivok
fokozatosan allithatok elé [pl. (p,n) reakcidval], ami a nivo-
séma felépitését nagyon megkonnyiti. A s-bomladsban a nivok egy-
szerre gerjesztddnek.

d) A reakciodtermékek altaldban orientaltak, igy a y-szogel-
oszlads mérésbbl kovetkeztetés vonhatd le a sugarzas multipolari-
tasara és a magnivok spinjére. Ugyanakkor a radioaktiv forrasok
orientaldsa igen alacsony hémérsékleteket, er8s magneses tere-
ket, specialis technikat kivan.

e) A modszer nagyfoku rugalmassaga ellenére viszonylag egy-
szerl, nincs szikség a termékek radiokémiai vagy komplikalt to-
megszeparatoros elvalasztdsara. Dusitott izotop céltargyak,
félvezeté detektoros spektrométerek és atfed6 magreakciok hasz-
ndlatdval, gerjesztési figgvények és yy-koincidencia spektrumok
felvételével az észlelt sugarzasok altalaban azonosithatok.

1.2. Az U-103 ciklotron nyaldbok jellemzéi

A leningradi Elektrofizikai Berendezések Tudomanyos Kutato
Intézete altal tervezett és gyartott 103 cm pélusatmérdéji
(U-103) 1izokron ciklotron nyalabjainak fébb jellemz6i az 1. téb-
ldzatban taldlhatdék. A nyalabenergidk a feltintetett hatarok
kozott valtoztathatok.

1. tdblazat. Az U-103 ciklotron nyalabjai

Nyalab Energia, MeV Kihozott
Kihozott nyaldb  BelsS nyaldb nyagigram
P 5>-18 2-20 5 50
d 3-10 1-11 $ 50
Fe 8-74 4-27 < 25
a 6-20 2-22 < 25
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2. Az in-beam spektroszképiai vizsgalatok
szamara elérhetd magtartomanyok

Ismert tapasztalat, hogy az egyes atommagokra rendelkezésre
allo ismeretanyag a stabilitasi sav mentén a leggazdagabb. Az
erdsen neutronhianyos vagy tobbletes izotdopok iranyaba haladva
az elérhetd6 magadatok szama altalaban rohamosan csokken. Ugyan-
akkor a kisérleti technika ma mar lehetévé teszi a stabilitasi
savtol viszonylag tavolesdé atommagok eldallitasat és vizsgala-
tat is, igy varhaté, hogy a jov6ben a legtobb uj magfizikai adat
ezeknél a magoknal sziletik. A kdvetkez6kben azt vizsgaljuk,
millyen messze lehet eljutni a stabilitasi savtdol U-103 nyalabok-
kal létrehozott magreakciokkal.

Az U-103 ciklotron lehetéséget ad neutrontobbletes izotdpok
eléallitasara nehéz elemek (pl. U) hasitasaval. A rovid felezeée-
si idejl hasadasi termékek szeparaldsadhoz és azonositasahoz
azonban komplex és koltséges on-line tomegszeparatorra, expressz
kémiai elvalasztasra stb. van szikség. Ezért figyelminket els6-
sorban a neutronhianyos izotopokra forditjuk. Ezek jé hozammal
és viszonylag tisztan nyerheték (i,xn) reakciokkal.

2.1. Az (itxn) reakcidkkal eléallithatd legkdnnyebb izotépok

Amikor azt a kérdést vizsgaljuk, melyek az egyes elemek U-103
nyalabokkal eléallithaté legkdnnyebb izotépjai, elegenddé a p,
ill. 3He bombaz6é részecskék esetét targyalni. Ezek ugyanis ele-
ve neutronhianyosabbak, mint a d, ill. *te 1onok és az elér-
het6 energiajuk is lényegesen nagyobb az utébbiakénal.

Céltargyul a legkdnnyebb stabil izotdépokat célszerl( valasz-
tani. Mivel a paros rendszamu elemek legkoénnyebb stabil izotép-
jai altalaban joval messzebb esnek a stabilitasi savtél, mint a
paratlan rendszamuaké, a kovetkez§ targyalasban csak a paros
Z-ju elemek legkdnnyebb stabil izotopjai szerepelnek céltargy-
ként.

A (P,xn) Ep maX=18 Mev% és (3He,xn% [E3He max-24 MeV”™ reak*
cidkkal elérheté Tegkdnnyebb izotdépok hatarvonala koénnyen Ki-
szamithatdé, ha ismerjuk a reakcidk energiait (Q értékeit). A
kisérleti Q értékeket vehetjuk Gove és Wapstra [1] munkajabol.
Amennyiben nem allt rendelkezésre kisérletileg mért reakcio-
energia az (i,xn) reakcidra, értékét az (i,[x-1]n) reakcid
energiajabol becsltltik a Myers-Swiatecky félempirikus tomegfor-
mulabél [2] nyert neutron kotési energia segitségével.

A szamitasokhoz felhasznalhatd Alexander és Simonoff azon
észlelése [3] is, miszerint

<E>X—
i C.
X
ahol e/x - (a kaszkadban elparolgott neutronok plusz a y-kvan-
tumok altal elvitt energia) osztva a neutronok sza-
maval, x-el,
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dora. Az (3-103 nyaldbokkal eléallithatd legkonnyebb 1zotopok a 117°7<72

rendszam tartomanyban. A besatirozott négyzetek stabil 1zotopokat, a bekere-
tezett négyzetek ismert izotopokat jelentenek az [5] és a [6] munkdk,valamint
nehany Gjabb dubnai eredmeny alapjan. A nyilak a legkonnyebb eldaliithatod izo-

tépokhoz vezetd (p,xn), ill. (GHe,xn) reakciokat jelolik.
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<E>x - az (i,xn) reakcio atlagos gerjesztési energiaja, kozeli-
t6éleg a gerjesztési Tfuggvény maximumanak megfeleld ener-

gia,
Bnl - az i-edik neutron kotési energiaja,
C - az egyes magtartomanyokra jellemzé allandé.

C értékét Z=ee6-nal 5,5-nek,
78-nal 4,2-nek vehetjuk [4].

A 1K2S72 rendszam tartomanyra vonatkozo eredmények az 1.4bran lathatok.
A nyilak vége azon izotépokat jJelzi, amelyek a
(p,xn) [Ep™ma =18 MeV), 1ill. (sHe,xn) JE3He Tex«24 MeV3 reak-
ciodkkal meg legalabb 2 Mev-el a reakcio energlaja folott el6-
allithatok. Itt jegyzem meg, hogy 18 MeV energiaju protonok, ill.
24 MeV energiaju 3He-részecskék még az 23s5U-ba is lényegében
potencialfal felett hatolhatnak be.

Z >72 esetben az elballithaté legkénnyebb i1zotépok altalaban
mélyen benn vannak az ismert izotOopok tartomanyaban. Ezen ele-
meknél (nehéz ion, xn) reakcidokkal sokkal messzebb el lehet jut-
ni a stabilitasi savtél, mint kis energiaju, konnyld bombazé ré-
szecskekkel .

2. 2. Reakcid hataskereeztmeta zetek

2. dra. A ®.m,_ (@.20) és (3He,3n) reakciok hataskeresztmetszetei a

céltargy tomegszam (IW[t) és bombézd részecske energia (E) fuggvenyeben.
Az adatok forrasai: [7] es [s]-
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A (p,n), (p,2n) és (3He,3n) reakcidk hataskeresztmetszetei
a céltargy tomegszama és a bombdzdé részecske energiaja flugg-
vényében a 2. abran lathaték. Az adatok a stabilitasi gorbe
kozelében 1év6 céltargy atommagokra vonatkoznak. A feltintetett
hataskeresztmetszeteken Kivil az U-103 p és 3He nyalabjaira je-
lent6s lehet még a teljes rugalmatlanszérasi, a (3He,n),
(3He,2n), valamint kis céltargy tomegszamoknal - a (p,a),
(3He,pn) stb. reakcid is.

3. Az U-103-al elérhetd legkdnnyebb atommagok gerjesztési
nivoira rendelkezésre allé adatok és uj magadatok
szerzésének lehetfségei

3.1. A rendelkezésre allé adatok. Milyen uj magadatok meghata-
rozasara nyilik lehet6ség?

A 2. tablazatban rovid statisztikai kimutatads talalhat6é az
U-103 ciklotronnal eléallithatd legkdnnyebb izotépok magnivo
rendszerére rendelkezésre allé adatokrél. A tablazatban az
56-nal nagyobb rendszami elemek adatait nem szerepeltettik, mi-
vel ezeknél az eléallithatd legkdnnyebb izotépok nivérendszere
altaldban elég jol ismert.

2. téblazat. Az U-103 ciklotronnal eléallithatd legkdnnyebb izotdpok
E. 1. dra) gerjesztési nivoira rendelkezésre allo adatok (4 atom-
magra vonatkozdan a 2=11-56 tartomanyban). A magadatok forrasa:
Lederer és masok [e6] munkaja

Atommagok szama

A vizsgalt magok 44 =100 %
Radioaktiv bomldsbdl nincsenek

adatok 0 68 %
A nivok kozott <3 atmenet

isnert 2 66 %
2 MeV gerjesztési energia

alatt <3 magnivo ismert 21 48 %

A nivirendszerben <3 allapotra
van ismert, egyertelmi spin-
paritids adat

In-beam y-spektrum mérés nincs

37 A %
26 50 %

Az 1. és 2. abrédk, a 2. tablazat, valamint az ismert mag-
adatok [e] alapjan szamos kovetkeztetés vonhatdé le arra vonat-
kozéan, hogy milyen lehet8séget ad az U-103 gyorsitd in-beam

y-spektroszképiai kutatasokra. Az alébbiakban felsorolunk néha-
nyat kozuluk.

a) Az U-103 nyalabok sok esetben lehetévé teszik az ismert
1zotopok hataranak elérését, nehany esetben uj izotopok eldal-
Iitasat is, kulondsen a konny(l elemek tartomanyaban. Az ismert
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Az ismert izotépok hataran fekv6 atommagok gerjesztési nivo-
rendszerére nagyon keves kisérleti adat all rendelkezésre, mi-
vel ezeket altaldban még radioaktiv g-bomlasbol sem vizsgalték.

r 7

b) Az eldéallithatd legkdnnyebb izotdpok kozott szamos olyan
talalhaté, melyeknél az atommagok energianivoi vagy egyaltalan
nem, vagy csak igen kevéssé ismertek; az energianivok kozott
vagy egyaltalan nincs, vagy csak kevés ismert y-sugarzas van;
tovabba amelyeknél igen kevés biztos nivospin, ill. paritéas
adat all rendelkezésre. Kulonbsen kevés az iIn-beam y-spektrosz-
képiai mdédszerrel nyert adat.

c) Az elérhetd hatarizotépok a koénnyebb elemeknél altaléban
o+-bomlassal, a nehezebbeknél e--befogassal vagy o-+-bomlassal
bomlanak. In-beam konverzidselektron spektrum vizsgalatoknal a
mininarancs spektrométer igen hasznos szolgalatot tehet, mivel
megakadalyozza, hogy az erds hatteret addé pozitronok, tovabba
szort bombazdé részecskék, rontgen-, y- és 6-sugarzas stbh. a
detektorra jusson.

d) A konnyld elemeknél az elérheté hatarizotopok felezési
ideje altaldban kicsi, igy az in-beam spektrummérést a termékek
radioaktiv sugarzasa zavarhatja. A nehezebb magok tartomanyaban
az elérhetd hatarizotopok felezési ideje altalaban hosszabb.

e) Az (I,Xn) reakci6 mellett a konnyl elemeknél az (I,pxn), ill. (l,axn)
reakci6 is felléphet elég nagy valosziniséggel. Tobb reakcidtermék egyidejl
jelenléte a mérést zavarhatja, bar" hasznos informacid nyerését nem zarja ki [9].

) Az U-103 nyalabokkal elérhetd legkdnnyebb izotdépok a nehéz
elemeknél altaladban mélyen benn vannak az ismert magok tartoma-
nyaban és gerjesztési nivoikra mar radioaktiv bomlasbdél is sze-
reztek adatokat.

Itt jegyzenddé meg, hogy az in-beam spektroszkopiaban koézvet-
lenil a végtermék gerjesztési nivoit vizsgaljak. Ha ugyanezen
mag nivoit radioaktiv o-bomlasbdol vizsgalnank, sokkal inkabb
neutronhianyos magok el6allitasara volna szikség (és sokkal
nagyobb gyorsitéra). JoOrészt ez magyardzza, hogy in-beam spekt-
roszképiai modszerrel még viszonylag kis gyorsitd esetén is
szamos atommagnal remélhetd uj magadatok szerzése.

3. 2. Az in-beam spektroszkoépiai vizsgalatok realitasairol

Az 1. abran feltontetett céltargy izotépok tobbsége a keres-
kedelemben dusitott alakban beszerezheté (1. pl. [10]-et). Az
elemek olvadas- és forraspontja, valamint mas sajatsagai olyanok,
hogy a legtobb céltargyelem esetében a megkivant 1 mg/cmz2 vas-
tag céltargyak a szokasos vakuumparologtatasi moédszerrel elké-
szitheték [11].

Az 1. abran feltintetett magreakcidok tobbségénél in-beam
spektroszkopiai célokra elegend6en nagy hozamok varhatok. Az el-
érheté maximalis p, ill. 3He energiadk altaldban szamottevéen
felette vannak a reakciodkiszoboknek, ahol a hataskeresztmetsze-
tek mar jelentések. Elegend6en nagy a bombazé nyalabok inten-
zitasa 1Is.
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4. Az in-beam y- és konverzioselektron-spektroszképiai vizs-
galatoktol varhatdé uj magfizikai informacidk

4.1. Az (itxn) reakcidé mechanizmusa. Alap és oldalsavok ger-
Jjesztbdése

Bombdzzunk egy nehéz magot, pl. 197Au-ot fokozatosan ndvekvd
energiaju 3He nyaldbbal. A reakcid mért gerjesztési Tfuggvényei
a 3. abran lathatok.

3. dora. A *7Au (3He,xnyp) reakcidk kisérleti gerjesztési fuggvényei.
Alderliesten és munkatarsai [12] koézleményébdl.

A teljes hataskeresztmetszet a bombdzd energia novekedésével
kezdetben nd, aminek f6 oka, hogy a potencialfal egyre "ateresz
tobb™ lesz.-Megfigyelhetdé, hogy minden (3He,xn) reakcidban ta-
lalhaté egy olyan bombazé energia, ahol a hozam maximumot mutat
Tavol a stabilitasi savtol a p (és a) kotési energiaja erdsen
lecsokken, mig az n kotési energia nd; kovetkezésképpen ekkor
a p, ill. a emisszidé valészinubbé valik.

Ha egy kozépnehéz magot %24 MeV-es 3He nyaldbbal bombazunk,
a kozbens6é atommag tekintélyes impulzusnyomatékot nyerhet
(1. kés6bb a 3. tablazatot). Ezt az impulzusnyomatékot részben
az elparolgé neutronok, részben a y-sugarzas viszi el.

Az elparolgd neutronok energiaspektruma a kisérletek szerint
Maxwell-eloszlasu, aminek 1 MeV korul van a maximuma. Ilyen Kis
energiaju neutronokra csak =0 vagy 1 impulzusnyomaték valto-
zas esetén jelentd8s a transzmisszid, igy a neutronok nem sok
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impulzusnyomatékot visznek el. Figyelembe veend6 az is, hogy
az egymas utan kilépé neutronok altal elvitt |mpulzusnyomatek
vektorialisan OsszegzG6dik és igy kozombositheti is egymast:.

A legutolsé neutron emisszidja utan maradd gerjesztési ener-
giat y-kvantumok viszik el. A Weisskopf felezési 1d6 - y-energia
gbrbék mutatjék, hogy adott energianal legvaldszinubben alacsony
multipolaritasu y-sugarzas lép fel. igy kezdetben (nagy magnivo
slrliségeknél) a y-sugarzas még a parolgasi neutronoknal is ha-
tastalanabb az impulzusnyomaték elvitelében. A y-kaszkad erfs
tendenciat mutat arra, hogy el6szor elérje az adott spinhez tar-
toz6 legalacsonyabb energiaju allapotot (yrast allapot, ami
svédul faradt, elnyltt, szédiult-et jelent), majd onnan menjen at
fokozatos y-emisszidoval az alapallapotba. Ha a mag er6sen defor-
malt, a y-kaszkad utolsé része varhatéan az alapallapoti rotaci-
0s sav lesz. Az alapsavhoz tartozd y-k emisszidjanak valészini-
sége olyan nagy, hogy az szinte a teljes geometriai hataskereszt-
metszetnek felel meg. A varhatd kaszkadot a 4. abran tintettik
fel.

4. abra. Az (i,xn) reakcidbol varhatd y-sugarzasok. Az ordinatan a vég-
temék gerjesztési energidja, az abszcisszan a spin értéke van feltiintetve.
Eg - az utolsd neutron kdtésenergiaja a végtermékben. A felhbkre emlékeztetd
vonalak a végtermék egyenld valészinuséggel képz6dd allapotait jellenzik. A
nyilak y-atmeneteket jeleznek.

A neutron befogasi y-sugarak 3-5 multiplicitast mutatnak.
Az yrast sav eléréséhez szikséges y-kvantum emisszid szama en-
nék varhatdéan kisebb. Az alapsav elérése el6tt a y-spektrum
erdésen oOsszetett, igy azt altaldban semmiféle detektorral nem
lehet feloldani, csak folytonos hatteret ad.

Annak érdekében, hogy becslést kapjunk az alapsavhoz tartozé
y-atmenetek |nten2|taSV|szonya|rol a kovetkez6 gondolatmenetet
végezhetjuk.

Az Utkozési paraméter (r™) a kovetkezdképpen fejezhetd ki:

ahol
X= 5
<2V b>
Ab"Eb*Pb & bombazé részecske tomegszama, energidja és impul-
Zusa,
If) impulzusnyomaték.
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Az 1 impulzusnyomatékhoz tartozdé kozbensé mag képzdbdési
keresztmetszet klasszikus kozelitésben

v *rLl inge= e (284)
& £i%&£ra

Az esetben, ha a csatornaspin (a céltargy és a bombazé részecs-
ke spinjeinek vektor oOsszege) elhanyagolhatd, ez a hataskereszt
metszet adja a koézbens6é mag spineloszlasat. Ha tovabba feltesz-
szl(k, hogy elhanyagolhaté impulzusnyomaték valtozas 1ép fel a
neutron parolgasi folyamatban, ez a hataskeresztmetszet adja a
maradékmag spineloszlasat is.

Kvantummechanikai targyalasnal a hataskeresztmetszet Kifeje-
zésébe egy TMN(EN) transzmisszi 0s egylUtthatd is belép:

€Y

uXZ(Z}-l)\N -

A részletes, pontos szamitasok [13] mutatjak, hogy az (1)
klasszikus becslés jJo kozelitést ad a végmagra is. Az (1) egyen
letet lényegében csak a nagy spinek hataranal (Emax kornyékén)
kell moédositani.

Az alapsav atmenetek iIntenzitasa paros-paros deformalt magok
esetére a kovetkez6képpen becsiulhetdé. Ha feltesszik, hogy az
utolsdé neutron emisszidja kozvetlenul az alapsavot taplalja, az
I spind nivordl a kovetkez6 hozamot (H) kapjuk:

max

H()= IZ o(1%)

ahol a a(l») a végmag normalizalt spineloszlas fluggvénye. Kiasz
szikus esetben ez egy parabola lesz 1,5, ertékkel:

T E
H(1)= o 1€ . @)
max

Néhany magra vonatkoz6 konkrét eredmény az 5. abran lathaté.
A (2 parabola inkabb maximumot ad, a kisérleti értékek ennél
kisebbek. Ennek oka, hogy az atommagban sok nivé van az alap-
savon kivul is. Ezek jelenléte csokkentheti az alapsavhoz tar-
toz6 y-sugarzasok intenzitasat, sok y-atmenet az oldalsavokon
beltil 1ép fel. A valdsagban Osszetett folyamatok jatszoédnak le.
Azt, hogy egy adott nivordol savon beluli vagy savok kozotti at-
menet lép fel, az atmeneti energiak, spin- és paritasvaltoza-
sok, a savra jellemz6 magtorzs deformacids viszonyai stb. szab-
Jak meg, mindezek tehat hatnak az alapsav atmenetek intenzitas-
viszonyalra.

A protonok altal Ilétrehozott (p,n), (p,2n) reakcidkat Kis
impulzusnyomaték &tadas jellemzi. A reakcidban nemcsak az alap
sav, hanem az oldalsavok is erételjesen gerjesztédnek. A y-bom-
las alacsony spinl, diszkrét nivotartomanybol indul ki. Az utol
s6 neutron Kilépése utan alacsonyan fekvd nivok kdzvetlenil ger
Jjesztbédnek.
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5 dora. A rotacios alapsavban fellépd relativ y-atmeneti intenzitasok az

emittald allapot impulzusnyomatékanak flggvenyében. Az adatok harom kilonbo-
z6 céltargyon, 40,5 MeV-es részecskékkel létrehozott (a,3n) reakciokra vonat-
koznak. Williamson és munkatarsai [14] mérése alapjan. A pontok a végmagokhoz
tartoznak, amelyekben az atmeretele fellepnek. A "KEZDETI gorbe a spineloszlas
integraljat adja a kozbens6 magra, optikai modell szamitas alapjan.

4.2. Atommagok orientaldsa magreakciokban. Az U-103 nyalébokkal
elérhet6 maximalis i1mpulzusnyomatékok

Amikor a bombazé ion a céltargymagba Utkozik, ennek impulzus-
nyomatékot adhat at. Klasszikus kozelitésben az atadott maxima-
lis impulzusnyomaték (@& egységekben):

a4
L O3 <V *AR) capca))

ahol AN a bombazdé részecske, A\. a céltargy tomegszama, B, a bom-
bazé részecske energidja MeV-ben. A képlet levezetésénél a mag-
sugarat az 1,4x10“13A13 cm formulabdl szamoltuk.

A 3. tablazatban feltintettik, milyen maximalis impulzus-
nyomatékot nyerhet a kézbensd mag az U-103 p, ill. 3He nyaléab-
jatol. Lathaté, hogy 3He bombazas esetén a kdozbensé (és igy a
vég-) mag iImpulzusnyomatéka elég nagy is lehet.

3. tibldzat. Az U-103 p, ill. 3He nyaldbjaival elérhetd maximalis
kozbensb mag |mpulzusnyomatekok (klasszikus kozelitésben
végzett szamitas alapjan)

At=20 100 170
p (18 weV) « 5 *7 « 8
JFHe (4 MeV) all *15 *18
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A klasszikus kozelitésben szamitott impulzusnyomatékok csak
els6 tajékozddasra szolgalhatnak. A pontosabb szamitasoknal fi-
gyelembe kell venni pl. az atommagok kozott fellépd Coulomb
kolcsonhatast is, ami - kulondsen nagy rendszamok esetén -
néhany egységnyi eltérést okozhat a 3. tablazatban megadott
adatoktol .

Az U-103 ciklotronnal elérhetd impulzusnyomaték értékek al-
talaban lényegesen kisebbek, mint amikkel az adott magok maxi-
malisan rendelkezhetnek anélkiul, hogy a centrifugalis erd6 szét-
szakitanid 6ket (£. részletesebben a [26] munkéat.)

A céltargymagnak &tadott impulzusnyomaték vektor a bombazo
nyalab iranyara mer6leges sikban fekszik. Ha a csatornaspin
zéro (pl. paros-paros magot bombazunk a-részecskékkel) a koz-
bens6é magok szinte teljesen orientaltak lesznek. Ha a kezdetben
atadott impulzus nyomaték nagy, a magorientacio tartdosan meg-
marad, mivel a neutronok és a korai y-k csak Kkis impulzusnyo-
matékot visznek el.

Az orientéaci6 miatt az emittalt y-sugaraknak anizotrop szog-
eloszlasa van, ami a kovetkez6 formulaval irhato le:

W(t)« 16A2P2(cosc¢)+A4P4(coscg)™. ..

ahol ¢ a bombadzé nyaldb és a megfigyelési irany koézott bezart
sz0g, P2(cosO és P,,(cosg) - Leger.dre-polinomok.
Az anizotrop szogeloszlas téenyét kisérletileg is kimutattak.

Diamond és munkatarsai [15], valamint Newton és munkatarsai
[16] sok esetben kimérték a nehézion reakcidk utols6 légcsdjé-
ben fellép6 y-sugarzasok A2 és A, szogeloszlasi egylutthatoit.

A sugarzasok rotacids vagy vibracidés nivokréol eredtek. A tapasz-
talat szerint az oOsszes kisérleti érték a 0,2<A2<0,4, 1ill.
0,04<-A,,<0,15 tartomanyban csoportosul, kivéve a 2+-0+ atmenetek-
re vonatkozokat. Mivel ez utébbiak felezési ideje viszonylag
nagy, a magon Kkiviuli terek érezhetd hatast gyakorolnak rajuk.

A végallapotok erds orientaltsaga felhasznalhatdé a y-sugar-
zas multipolaritasanak mérésére és igy a magspin meghataroza-
sara. Ambar az orientacids fok nem szamithatdé olyan pontosan,
mint a szogkorrelacidés médszerben, bizonyos hibahatarokon belul
a kisérletileg meghatarozott A2 és Ay egylutthatok illesztése az
elméletiekhez megadja a multipolaritast, ill. kodzvetve a nivo-
spint.

Ha a csatornaspin nem zérd, a kozbensé mag orientacios foka
kisebb lesz, A magon kivuli terek hatasa is ronthatja az orien-
taciot, ha a nivo életideje hosszu (kI ns).

A multipolaritason kivul az atmenet elektromos, ill. magneses
jellegének tisztazasara is lehetdség nyilik belsé konverzids
egyltthaté vagy linearis polarizacidé mérésekkel.
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4. 3. Rotdoida advok pdros-pdroe magokban

Ujabban nagyszamu adat gy(ilt dssze a paros-paros magok

1n=0+, 2+, 4+, 6+... alapsavjaira; sok magnal és nagy spinekre
is végeztek méréseket. Azt talaltdk, hogy
az Rie TtU enerélaarény sima figgvénye R4= -nak .

A tapasztalat szerint az egyszerd

*2
E =2- 1(1+1), O=4llandé
1 20

-, =

formula nem alkalmas a realis magok rotacidés energiainak leira-
sara, mivel a O tehetetlenségi nyomaték valtozik az 1 magspin
flggvényében.

Harris [17] a koévetkez6 formuldt javasolta a rotacids nivok
energiajanak leirasara:

El* 1(1+1) <1-C »
290

ahol C: paraméter, ami a tehetetlenségi nyomaték novekedését
jellemzi a korfrekvencia novekedésével, 00: a tehetetlenségi
nyomaték zéré korfrekvencianal. A formula a 2,237"3,33 tarto-
manyban érvényes. A formula jo leirasat adja a kisérleti adatok-
nak kb. 1=12-1g.

Johnson és munkatarsai a 70-es évek elején [18] meglepd ano-
maliadt fedeztek fel egyes ritkafold-magok rotacids savjainal. A
0 tehetetlenségi nyomaték bizonyos esetekben 1M2 felett hir-
telen megnévekszik, majd 1>18-nal ndvekedés megint lassu, foko-
zatos lesz. Ezt a jelenséget nevezzik visszahajlasnak (back-
Eeq?jng)- Az6ta sok mas paros-paros magnal is talaltak vissza-

ajlasi.

A jelenség magyarazataval kapcsolatos vita éveken at folyt
a "Coriolis parfelhasadas" [19] és a '"'rotacidés beallasi modell™
[20] hivei koOzott. Faessler [21] javaslata szerint mind a két
modellt figyelembe kell venni.

A Coriolis parfelhasadds a tehetetlenségi nyomaték lassu
novekedését okozza az impulzusnyomatékkal (1. Harris formula).
A rotaciods beallasi modell szerint a magrotacid bizonyos nukleon-
palydkat megvaltoztathat: a nukleon impulzusnyomatékat sajat
iranyaba allithatja. Ez a mag tehetetlenségi nyomatékanak gyors
valtozasat okozza az impulzusnyomaték fuggvényében (visszahaj-
lasi jelenség).

A kérdéskorrel kapcsolatban /1. részletesebben a [22] és [23]
munkakat.

A paros-paros magok oldalsavjait még kevéssé vizsgaltak, mi-
vel a nivok viszonylag gyengén, Kkis intenzitassal gerjeszt6dnek
és a y-spektrum meglehetésen Osszetett. A vibracids savok vizs-
galata nagy feloldasu y-spektrum méréseket, koincidencia tech-
nikadt és konverziodselektron spektrum felvételt is megkivan.
Mint korabban emlitettik, az oldalsavok vizsgalatara kulondsen
a (p,n), (p,2n), (a,n), (a,2n) stb. reakcidk alkalmasak.
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4.4. Rotéciéé savok paratlan tomegszami magokban

A paratlan tomegszamu magokban nagyszamu alacsonyan fekvd
nivo van és ezek rotacids savok alapjaul szolgalhatnak. A y-su-
garzasok szama sokszorosan nagyobb, mint a paros-paros magokban.
A rotaciods sav tagjai altalédban 1, 1+1, 1+2... spinnel rendel-
keznek, amelyek kozott M1+E2 (1—-1) valamint atfedé E2 (1-*1-2)
atmenetek lépnek fel.

A nagyszamu és kovetkezésképpen altalaban gyenge y-atmenetek
azonositasdhoz yy-koincidencia mérések is szikségesek. A Kis-
energiaju atmeneteknél a belsd konverzid jelentfs, igy kivana-
tosak bels6 konverzids egylutthatd meghatarozasok is.

A paratlan tomegszamu atommagok rotacids savjainal nagyon
fontos a csatolasi séma kérdése. Tegyuk fel, hogy egy deformalt
magtorzs korul egy Ix3s2 neutron kering. A péaratlan neutron
J-13/2 impulzus nyomatékanak”vetilete a mag szimmetria tengelyé-
re N=K. A mag teljes spinje J=I1+j, ahol T a magtorzs rotacidja-
bol ered6 spin. Ha az 111372 neutron er@sen csatolddik a mag-

torzsh6z, a rotaciods energia Ej= [J(J+1)-K2] lesz. Ha a

Coriolis-kodlcsonhatas az 1j3 2 neutront lecsatolja a magtorzsrél
és a rotacids iranyaba allitja, a rotacios energiat az

£ =& T+

kifejezés fogja leirni. Ez utdbbi esetben a rotacidés sav nagyon
hasonlé lesz a szomszédos paros-paros magokéhoz azzal a kulénb-
séggel, hogy a paros-paros magoknal a savfej o, a paratlannal
13/2 spinl. A Coriolis-koélcsonhatads erfssége a részecske impul-
zusnyomatéekan kivul a teljes impulzusnyomatéktol és a tehetet-
lenségi nyomatéktoi fugg. Erdekes probléma, hogy a deformacios
paraméter (tehetetlenségi nyomaték) fiuggvényében hogyan alakul

a csatolds modja.

Egy mésik izgalmas kérdés: a 'visszahajlasi' effektus jelent-
kezése vagy hianya paratlan magoknal. A paratlan Dy magokban
nincs visszahajlas (a Wr7oy-ban mért legnagyobb 49/2 spinig),
annak ellenére, hogy a paros izotopokban fellép. Az Er izotépok-
nal hasonlé a helyzet [23]. A jelenség bizonyos fokig varhato
volt, mivel a paratlan nukleon jelenléte a "Coriolis parfel-
hasadas' effektust csokkenti (Hamamoto és Udagawa [24]).A rota-
ciés beallasi modell szerint hatrahajlasi effektus paratlan ma-
gokban akkor nem 01ép fel, amikor a paratlan nukleon olyan palyéan
kering, amelyik legkedvez6bb a nukleon rotacids beallas szem-
pontjabol. Ekkor a paratlan nukleon jelenléte blokkolja a rota-
ciés beallast. A jelenséget igen eldnydsen lehet felhasznalni
pl. egyrészecske konfiguracidé meghatarozasara.

4.5. Informdcidk az in-beam és radioaktiv bomlast kovetd y-eu-
garzashbol

Az 1.1. pontban roéviden osszefoglaltuk, milyen elényeil vannak
az in-beam y-spektroszkopiai médszerekkel végzett magszerkezet
vizsgalatoknak. Ugyanakkor vilagosan le kell szdgezni, hogy a
radioaktiv 3“bomlast kovetd y-spektroszkoépiai vizsgalatoknak is
megvan a maga jelentlsége: a hattérsugarzas altalaban Kkisebb és
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igy joval gyengébb y-sugarzasok is megfigyelheték. Az irodalom-
ban szamos példa taladlhaté arra, hogy a legerésebb y-sugarzas-
hoz képest 3-4 nagysagrenddel Kisebb iIntenzitasu y-sugarzast is
sikerilt észlelni s-bomlds utan. Hasonld in-beam y-méréseknél
ez az intenzitas kulonbség csak 2-3 nagysagrend. 1igy a két méd-
szer kolcsonbdsen kiegésziti egymast.

5. Kisérleti technika

Az in-beam y-spektroszképia alapveté méréstechnikai modsze-
rei kozé tartoznak a kovetkezoék:

Kemény és lagy y-spektrumok felvéetele félvezetd§ detektoros
spektrométerekkel,

y-gerjesztési TfTuggvény felvétele, koszobenergiak meghatarozasa,
- yy-koincidencia,

konverzidselektron spektrum és

y-szogeloszlas mérések.

Nagyon hasznos in-beam spektroszképiai informacidé nyerhetd
tovabba

- toltott részecske spektrum és szogeloszlas mérésekbdl,

- nivo életid6é meghatarozasokbodl,

- a ciklotron nyalabcsomagok kozotti i1d6ben végzett y-bomlas
(rovid felezési i1dejl izomer allapot) vizsgalatokbol,

- magnyomatékok in-beam méréséb6l stb. is.

Az intenziv neutronsugarzas miatt fokozott figyelmet kell
forditani a félvezetd detektorok, kulondsen a Ge(Li) kristalyok
sugarvédelmére [25]. Amennyiben a méréberendezés és a ciklotron
terem kozott vastag beton arnyékolas van, a detektorok védelme
féleg a nyaldbszikité blendébdl (és Faraday-kamrabdél) eredb
neutronok intenzitasanak csokkentését jelenti.

A sugarzasok megbizhat6 azonositasa érdekében célszerl( dusi-
tott i1zotép céltargyakat hasznalni.

Koszonettel tartozom a [12] és [14] munkdk szerzb6inek, hogy
hozzajarultak egy-egy abra e dolgozatba torténd atvételéhez,
valamint dr. Vertse Tamasnak néhany kérdés megvitatasaeéert.
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ATOMKI Kozlemények 23 (1931) 181-187

PO/l OBMEHHOV HOPPEHLM B MPOLIECCE BHYTPEHHEM
KOHBEPCUU™*

3. Batam, [A. Cabo
ATOMKI H-4001 Debrecen, Pf. 51. Hungary

licchepoBaHo BO3MOXHOE BUSAAHME HEOPTOrOHa/IbHOCTU HadasibHOro
N KOHEYHOro COCTOSIHUA WTOMHbIX OpOUT Ha OTHoweHue K/Lj Koahdu-
UMEHTOB BHYTPEHHE KOHBepcuu, bBbblnn paccMOTpeHsl ABE MOAeNn: B
agnabaTnyeckor MoAenn KOHEYHOEe COCTOSIHME aTOMHbIX 3/1EKTPOHOB
COOTBETCTBYET T[O/IHOW MNepecTpoiike,  Bbi3BAHHOW YyAa/leHUEM KOHBep-
CVMOHHOIO 3/1eKTpoHa. BTopas Mogenb BbiTEKAET W3 aHa/iorum mexay
3N1EKTPOHHbBIM 3axBaTOM W BHYTPEHHEN KOHBEPCUEWN: yuuTbiBAETCHA, UTO
B OOVHOYHOM aKTe B3auMOLENCTBUA Y4dacCTBYeT peasibHbld 3/1EKTPOH,
XOTHA MNOMIHaA BEPOATHOCTb KOHBEpPCUW OrpejenseTca pacnpefeneHnem
anekTpoHoB. [lpegnonoras, 4TO 3apsaf 3NEeKTPOHA S MOMEHT B3auMO-
OEeNCTBUA KOHLUEHTPUPYEeTCA Ha paavyce B3avMOAENCTBUA, peasibHoe
pacrnpefeneHne OCTa/lbHbIX 3/1IEKTPOHOB aTOMHOW O6CNoYHM OyaeT pas3-
myaTtcsa OT cpefHero pacripefeneHvsi. 3TO CMelWeHHoe pacrnpejeneHuve
3amopaxmBaeTCA HaH KOHEYHOEe MNpU BbICOKUX 3HEPrusax KOHBEPCUOHHbBIX
3N1EeKTPOHOB..

Boiin  paccumTaHbl KOppeKkuMnm o6MeHa U NepekpbiTUs, BO3HUKawlume
Kak cneacrtBve HeOpPTOroHa/IbHOCTUM HavasibHbIX U KOHEYHbIX BOJIHOBbIX
QyHKUMI B agnabaTnyeckoin wmogenn. [lonyyeHHble pe3y/ibTaTbl MPOTUBO-
peyaT 3KChnepuMeHTa/lbHbIM pe3y/sibTatam. PacyeTol MO BTOPOW MoAenu
He MNPOBOAWINCL, HO aHa/lorns C 3/IEKTPOUHbIM 3axaaToM no3BosisieT
GoeNarb BbiBOA, YTO 3Ta MOAeslb MOXET OObBbSACHUTb pPacX OXAEHWs, Han-
OEHHble Mexay 3KCMNepuMEHTasIbHbIMU U Teo peTu YeCKMMU peaynbTaTamu
OTHoweHun K/LjJ VIBH pgna wasbix Z,

KI CSERELODES 1 KORRE KC 16 SZEREPE BE ISS5-KONVERZ i0S  FOLYAMATOK-
BAN. Megvizsgaltuk a kezdeti és végaiiapotok hull &nfdoggvénye
nem-orthogonalis voltanak a K/l beis5 konverz iés koef ficién-
sekre gyakorolt hatasait. Két mode 11e1 fogiaikoztink: az ad ia-
batikus modellben az atomi elektron6k végaiiapota i teljes at-

ki 1épésének megfeieiben; a
ma : gads és belsd konverzio kozott
analogiabol ered: az egyedi nhatas i aktusban egy reaiis

Joknag Ha XXIX. CoselgH Mo SYOgpHOM CrieKTPoCHOMM N CTPYKTYpPe aToM-—
Horo sopa, Pura, 27-30 mapra 1979 r.
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elektron vesz részt, bar a teljes &atmeneti valdszinliséget az
eloszlas hatéarozza meg. Feltételezve, hogy az elektron toltése
a kolcsonhatas pillanataban a kélcsdnhatasnak megfeleld sugar-
ra koncentraloédik, az elektronburokban maradé tobbi elektron
pillanatnyi eloszlasa is eltér6 lesz az &atlagostél. Nagyener-
giaju konverzidonal ez az eltoldodott allapot fagy be végallapot-
ként.

A kezdeti ¢és végallapotok nem-orthogonalitasabol eredé ki-
cserél8dési és atfedési korrekcidt kiszamitottuk az adiabatikus
modellben. A kapott eredmények a kisérleti eredményekkel ellent-
mondasban vannak. A masodik modellben nem végeztink szamitaso-
kat, azonban az elektronbefogassal vonhaté analégia alapjan ar-
ra a kdovetkeztetésre jutottunk, hogy a kisérleti és elméleti
K/Li bels6 konverzidés egylutthatok kis rendszamoknal észlelt el-
térése ezzel a modellel értelmezhetd.

THE ROLE OF EXCHANGE CORRECTION IN INTERNAL CONVERSION. The
possible effects of the non-orthogona lity of initial and final
atomic states on K/Lj internal conversion ratios are investi-
gated. Two models are considered: in the adiabatic model the
final states of the atomic electrons are Tfully contracted in
accord with the absence of the converted electron. The second
model arises from the analogy with nuclear electron capture: in
every individual act of interaction the real electron takes part,
although the total transition probability is determined by the
distribution. Supposing that the charge of the electron in the
moment of interaction 1is concentrated on the radius of inter-
action, the actual distribution of the remaining electrons of
the electron cloud will be different from the average one. This
shifted distribution freezes in as intermediate final state for
conversion electrons of high energies.

Exchange and overlap corrections arising from the non-
orthogonality of initial and final states were calculated for
the adiabatic modei. The results are in contradiction with the
experimental results. No calculations have been made for the
second model, but the analogy with electron capture allowed to
conclude, that this model might explain the discrepancy found
between the experimental and theoretical K/LjJj ICC ratios at
iow Z values.1l

1. BBepeHwue

N3BeCTHO, UYTO MHOro4dacTuU4UHble 23MPeKTb urpawT BaxHyw ponb B
cnyyae 235eKTpoHHoro 3axBaTa (33): Hanpuvmep,OHW yBennyYuBawT OT-
HoweHUa 3"axBaTa L/K Ha 10-20 ? B obnactm 15<Z < 25. CooTBeTCT-
BylwWwasa Teopuda, T-H. Koppekumsa obmeHa U NepekpbTUA, B OCHOBHOM
npaBuNbHO ONUCbHBaeT 3KcNnepumeHTanbHble paHHble [1]. 3kcnepumeH-
Ta/ilbHble OTHOWEHWA ucnyckKkaHmss peHTreHoBCKUX nydein Ka/Kg ob6bsac-
HAKWTCA TakKxXe 3TuMm Koppekuyumaumm [2].-

MpepcTtaBnaeT UWHTepec wuccsegoBaHme ponum nNoJAoOHLIX HOpPpeHuuin BO
BHyTpeHHelln kKoHBepcum (BK) y-nydein. BbiSsiCHeHMe 3TOro BoOMNpoca Bax-
HO He TONbKO ANs Teopuu BK, HO OHO cnocob6cTByeT TaHXe TnoJjiHee
NOHATbL MNpuUpoay Koppekuuin obmeHa W nepekpbiTusa. B Teopuum 3TuUxX
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KOppeKkuuii npepgrnonaraeTcsa, 4YTO KpPOMe 3/1eKTpPOoHa, Y4yacTBYWWEro B
fJaHHOM akTe 33 wm BH, BcCe OCTa/ilbHble 3/1eKTPOHbLI aToMa nepexoaaTt
C Ha4dYa/lbHOro COCTOSIHUS B KOHEYHoe, OT/M4yanleecss OT Ha4da/lbHOro.
/I3MeHeHne BOJIHOBbLIX (YHKLUWIA Bbi3bIBAETCA WU3MEHEeHMeM MnoTeHunana
atova B npouecce 33 wwm BK, BoO/HOBble (YHKUUM HaA4Ya/IbHOro U KOHeuy
HOr0 COCTOSIHUA NepecTanT ObiTb OPTOHOPMUPOBAHHLIMA APYr K ApYyry,
YTO NPUBOAUT K MNOSABMEHUN HeanarOHaslbHbIX MaTPUYHbLIX 3/IEMEHTOB.
Teopusi TaHUX NepexofoB C MCMNO/b30BaHMEM BOJIHOBLIX (PYHKUWIA aToma
B (opme onpegenutenenn Cnentepa 6bna paspabdotaHa JlosanHom [3].
3agaBasd BOSHOBble (YHKUMW B ISKBUBAIEHTHOW (opme aHTUCUMMET
PUYHOI O Npou3BeAeHNs MOXHO rpynnupoBaTb 4YeHbl MO  4ncny
nepecTtaHOBOK Mpu peweHun nwoéoii 3agaum [4] wn 3anvcaTtb pe3ynbTar
B BUAE KOppeKUUN K OOHOSMEKTPOHHOMY MNPUBIVKEHWIO .
AHTUCMMMETpPUYHAA BOJIHOBasi (yHHUMA aTomMa WUMEeeT BuA:

Y -— £ -1P 9,,(1) ¢3(2). ..iM2), 1
/T pern D a() g() IC) @
a,3..-¢

roe ga (1) OAQHO3/MEKTPOHHbIe (QYyHKUMM. Wcnonb3ysa BOJSIHOBYHW (PYHKLMIO
KOHEYHOr0 COCTOSiHUS B MNOAOOHOM BUAe MOJSlyYMM MaTPUYHLIA 3M1EMEHT
(amnntyny) nepexoga B criefywlem Buae:

/ T.,0nfdT- — E 1 m+n ,@)0 ¢ (D)) X
P Z! perm “ p a
aa"... )

X @, @) o"2)).---(@*, 2 w ),

roe Op onepatop,Hanpuvep,33 wwm BH,

OTMETUM, UTO HEO6XOAUMO aHTUCUMMETPUINPOBATb KOHEUYHOE COCTOS
HVEe TO/IbKO MO 3J/IEHTPOHHbLIM COCTOAHUAM, T.e, MNepecTaHOBKM BOJIHO-
BOW (PYHHUMWN HEUTPUHO HEe Hado Yy4uuTbhiBaTb NpU OnpefeneHun 3Haka.

YunTbiBasd, 4YTO COBMECTHasd MnepecTaHOBKa 3HAYKOB CO WTPUXOM W
0e3 wrpuxa He U3MeHAeT pe3ynbTaT U YUCN0 3TUX MNepecTaHOBOK paB-
HO Z!, MOXemM OnyCTUTb MepecTaHOBKW MO OAHOMY W3 3HAYKOB N MHO-
XuTtenb 1/Z'. BbHOCA MaTPUYHBLIA 3M1EMEHT OAHO3NEKTPOHHOrO nepexoa
N MHTEerpasbl MepeHpLITUA OCTasIbHbIX 3/IEKTPOHOB, MNOYy4YUM

M, =(F10 _J} 1- E

Ta o IO%)L&Qa R Rm L RB,Y*a. 3
. (CVeXnax E -iﬂ‘!’@)(‘wb% +
Jua §F Opf\or"\B’\B' y,6#a MQTW }'

CyMmamm B KBagpaTHbIX CKOOKax OO6blMHO MOXHO npeHebperatb. Ponb
STUX WIEHOB MOXET OblTb BaXHOM [/11 BHEUHMX  Nogob6osouyek. BTopon psag
onucbiBaeT cCryyan, Mpoucxogsipne C ydyacTuem [Apyroro 3/1eHTPOHA,
HO MHTEpecywlWuii Hac 3MEeKTPOH MNepecKakMBaeT Ha ero Mmecrto. [ns
3NEKTPOHHOIO 3axBaTa 3TW OOMEHHbIe Y/ieHbl SABNSAKTCA CYUWECTBEHHbLIMA .
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B HacToswein paboTe Mbl 3aHMMaeMCA TOJIbHO B/IMUSAHUEM HOPPEHLMN
NEPEHPLITUS U HOpPpPeHUUM obmeHa Ha OTHolweHun HBH.

PaccvaTtpuBaem aBe MOLENUN MNPOUCXOXOEHUS MNOTeHuuasia MnpoMexy-—
TOYHOrO COCTOSAHUA aTOMHOW 000/104UKN. OTMETUM, 4YTO MNPOMEXYTOYHOoe
COCTOSIHNE ABNAETCA HOHe4HbM a1 BH M ucxogHoM Onisi fasibHenwmx,
SHepreTuyecHM He3aBUCUMbIX OT BH nepexofoB aTOMHbIX 3M1EeHTPOHOB.

B nepBoin T.H. agnabaTuyecHOW MoAenn CpeaHUn MPOMEXYTOYUHbIN
noTeHunas COOTBECTBYET KOHpurypauumm, y4ymnTbiBawWen OTCYyTCTBUE
KOHBEPTUPOBAHHOIO 3/1IEHTPOHA.-

Bo BTOpoi Mogenn y4dmTbiBaeTCs, 4YTO B OAVMHOYHOM aKTe B3auMO-
OEeNCTBMA y4daCcTBYET peaslbHblii 3/1eKTPOH, XOTA BEpPOATHOCTb KOHBep-
cuu onpegendeTca pacnpeneneHveM MnJA0THOCTU 3/1EKTPOHOB.

CooTBEeTCBEHHO, CcpeaHee rMose A1 OCTa/lbHbIX 3/1IEKTPOHOB B MOMEHT
B3aMMOAENCTBMA NOMyvyaeTcs 3aMeHOW pacnpegeneHvsa nnoTHocTn |2
KOHBEPTUPYEMOIro 3neHTpoHa Ha 6(r) [6]- Mpu BbLICOKMX CHOPOCTSAX
KOHBEPCUOHHbIX 3/1IEHTPOHOB 3TO COCTOSAHME 3amMopaxuBaeTcs, HaH
NPOMEeXyToYyHoe. $ACHO, 4YTO TakKoe pacCMOTpPeHMe COOTBETBYET HEeKOTO-
pOMY OrpaHUYEHHOMY Y4YeTy KOpensumin: BbiaeNsseTca TO/IbKO OAWH
3M1IEHTPOH, a OCTa/lbHble paccMaTpuBaTCA B MPUONMXEHUN CcpeaHero
nons .

2. ApmnabaTtunyeckoe npuéanxeHne

Mbl paccunmTanin HOPPEHUMN NEepekpbiTuss mn obmeHa ana Z=18,36 u 4,
Mcnonb3ysa BOJIHOBble (yHHUMM [upaka-®oka-Cnentepa [10,11]. Mpu
pacyeTe KOHEYHOro COCTOSIHUSI aTOMHOM 000/I0YKM OTCYTCTBME BblleTan-
Wero 3/51eKTpoHa O6b10 YyYTEeHO, T.e. Mpu Heu3MeHHOM 3apsge sgpa Z
YMC/I0 3NIEKTPOHOB Ha 060/104Ke,C KOTOpPOM  BblleTasl KOHBEPCUOHHLIN
3N1EeKTPOH ,bbI/I0 YMEHbLWEHO Ha eauHuULy. 3TO COOTBEeCTBYET MOJIHOMN
agnabaTuyecHON nNepecTporike aToOMHOM 0060M04YKN. AMOINTYAbl KOHBEP-
CUM paccunTbiBa/ZINCb MO nporpavme Maynmm wn Papdp [14]. TMpu pacyeTtax
YUNTHIBUINCb TOJ/IbHO OAHOHPAaTHble MNepecTporkM. Xopolee coBnageHue
NOSIHOM KOpPPEKUUU U KOPPEKLUMN MepeHpbLITUA (Tabnvua 1)
nokasbiBaeT, 4TO BKIa4 OAHOKPATHLIX MNEepecTpoeK Takke rnpeHedbpexun-
MO Mayl B 3TOM MPUBANKEHUN .

Tabmua 1. HoppeHum (Bj) nmpy MOMHOW pernaHcauym ans
OTAE/bHbLIX 000MoYEK

ATOM 060/104Ka Koppexkuysa BJ
(O nepeHpbLms nosHasi
Ar K 0.7788 0.7829
Li 0.8586 0.8441
Ma 0.9559 0.9518
Kr K 0.7%44 0.7979
Li 0.8330 0.8357
Mi 0.8801 0.8840
Xe K 0.7917 0.7883
Li 0.8119 0.8150
Mi 0.8513 0.8549
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I3yyeHne oTAeNnbHbIX WHTErpasioB MNepeKkpbiTUA MoHa3biBaeT, 4TO
camble BHeWwHue 2-3 NnoAoOO0/IoHKN UrpanT onpeaensawnwyl posb B KOp-
pekuun nepekpbiTus, MNOTOMY UYTO OTHOCUTE/IbHOE W3MEeHeHMe noTeHuuna-
na gna HUX BEeVHO.

Pe3ynbTaThl pacyeToB, NpuBeAEeHHble B Tabnmue 1, He MoATBEepPX4AloTCA
aKcnepumeHTaNbHbivn HBH, T.H. HBH a« gna uJucteix E2 nepexopoB Xo-
powo corsacywTca C obbyHOM Teopueir [5], B TO BpemMsi Kak pe3y/bTars
agnabaTnyecKux pacyeToB Koppekunn npuBogunn 6bl H ~-20 $-HOMY
NMOHMXEHWNI0 3TO MNnokKa3sbiBaeT, 4TO penakcaunmsa KOHeYyHOoro
COCTOSIHUSA He WMeeT 3amMeTHOro BAuaHMA Ha HBH, winm Takaa penak-
cauusi BOOOWe He MPOUCXOAUT MPU BLICOHMX 3HEPrusax. YYeT 4YaCTUYHOW
penakcauum He MEHSIET TMOJIOKEHUA fen, TakK KaH BAUAHWE BHYTPEHHUX
000/104EK, KOTOpble MOrnM ©Obl YaCTUYHO MNepecTpouTCcs, NpPeHebpexmnvo
MaUl0 faxe npu MOJSIHOW nepecTpoiike.

3. AHa/lormss C 3/IEKTPOHHLIM 3axBaTOM

Hak nokasaHO Bblwe,y4dyeT aguabaTUyecKon penaHcaumnm He MoaTBepPX-—
OeH aKcrepumeHTaslbHbIMM HBH ak. B HeagmabaTuiyecHoMm NpubrvmxeHumn
B3aMMOAENCTBME BbI/IETAWWEr0 3/1IEHTPOHA C aTOMHOM O060/104KOI MpeHe6-
PEXUMO Masio, 4YTO HanommHaeT 33, rAe HEWTPUHO TakKxe He B3auMo-
OENCTBYET C 3/1IeEHTPOHHOI 060/104HON. Hpome 3TOro, MOXHO MPUBECTU
cnepywupme cxogHole 4epTbl 3TUX MPOLLECCOB :

a) BsaummopgeincTtBue B crnydyae BH npoucxoguT rniaBHbIM 06pa3oM BO
BHYTPEHHEN 4acTn atoma [12], nogob6Ho 33, Korga 3axBaT 3/EeHTpPoHa
NPOUCXoAUT BHYTPU sfapa.

6) OTHoweHusa HBH nogoOHbl OTHOWeHUsIM 33 C pas/iyHbiX 060/104YeK
NPY HU3HUX 3HaAYeHUAX Z N BONbLMX CKOPOCTAX KOHBEPCUOHHOIO
anekTpoHa. [Ana npumepa npuBegem K/L1(E2; 200 k3aB)=10,67 un
L1/M1(E2;150 k3b)=6,76; B TO Xe BpeMA OTHOWEHUA MJA0THOCTEWN
3N1eKTPOHOB Yy Agpa pgawot K/1.710,06 n L1/M1*6,96 gna Z=30.

I3-3a cxoacTtBa 3TUX OBYX MPOLECCOB MOXHO OXUAAaTb MNOABNEHUA
KOoppeKkuun nepekpbitua v npy BH. Hwke Mbl MokKaxem, 4YTO 3KCNepuMeH-
Ta/ilbHble pe3ynbTaThl NOATBEPXAANT TakKoe nNpearnosoxeHue .

AI3BECTHO, U4TO BAUSAHME OOMEHHOW KOPpPEKUMN Ha BepoOATHOCTb H
3axBaTta npeHebpexmvmo Maio [4]. AHanorusa noaTBepxpgaeTca 3Kcnepu-
MEHTa/IbHbIMM 3HayvyeHusammn HBH a« [5], cornacywowmmmcss ¢ OO6bIYHOMN
Teopuein. BepoATHOCTbL L-3axBaTa B 3aBUCMMOCTW OT Z yBe/n4ymMBaeTCA
Ha 5-20 % u3-3a HoppeHUMn Ha OOMEeH, 4YTO MNOATBEPXKAEHO 3KCrepu-
MEHTaNbHbIMM AaHHbMM no 33 [1,7]- AHanorus noAcHasbiBaeT MogobHoe
OTK/IOHEHMEe W ana oTHoweHunin HBH K/L, K/M, v T.4. B pacnagax sgep
C HU3HMM 3HadeHnem Z. CpaBHeHWe 3KCrMepuMeHTaslbHbIX [AaHHbIX C Teo-
puein B 3TOM 06n1acTu npoBogusn € ucnosnb3oBaHnem K/L n K/(L+M)
OoTHoWweHu, onyb6nukoBaHHbX B Nuclear Data Sheets pgna obnactu
A <100. Pe3ynbTaTbl 6bM MCMOMBb30BaHbl TOMBHO A1 TeX Nnepexonos,
OIS HOTOPbLIX 3HaHME 3HauyeHU a«, He3aBUCAWUX T3T KOppekumn obme-
Ha, MNO3BONISA/I0O paccuMTaTb CMewuBaHue My/ibTUNoNbHOCTEeN. [lorpew-
HOCTb OrnpefeneHns CMewnmBaHus Maslo B/UAET Ha pe3ynbTaT BCAeacT-
BMEe cnaboil 3aBUCUMOCTU OTHOWeHuA K/L OT My/bTUMNOSIbHOCTU nepe-
X040B B uccriegyemon obnactm Z u 3Heprui. lcnonb3oBasiMCcb TeopeTu-
yeckue oTHoweHusa K/L wwm K/(L+M) Xarepa un 3enbtuepa [s8] npwu
Z>30 n bang v ap- [9] npu Z~30. Bo BTOpONK oO6GMacTn, ecnm 3TO
TpeboBasiocb, Oblla BBeAeHa KOppekuuss Ha M KoHBepcuio Mo MNJI0THOCO
3N1EKTPOHOB Yy sAapa.
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12

Puc. 1. OtHoweHua (K/L)3HCn>/(K/L)Te

HOVEDA..

H’

X K/i,

B 3aBMC/MOCT OT aTOMHOIoO

OTHowWweHwe QKCNepUMeHTas/IbHbIX N TeopeTUu4eckKmx 3HaA4YeHUn He no

Ha3blBaeT 3aMeTHOW 3aBUCUMOCTU OT aHeprun,

€C/In 3Heprmna nepBxo

[OB 3aMeTHO Bbllle nopora. 3TO MNO3BOJIANO MCNOMb30BaTb CpeaHeB-
B3BelleHHble 3HayeHUA OTAeslbHbiX AaHHbIX ANA Kaxaoro Z.
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Tabrmua 2.

CpaBHeHVIe MPYBEAEHHbIX SKCTEPVMEHTA/bHbIX OTHOWEHI

BUES BBYUBH RUKRE BRNRRE ¥R N

© 0ooro
: oE

akcn./Teop.

0.94+0.08
0.87+0.04

FEE
S BR2RS

0.80+0.10

1,0210.07
0.85+0.07
0.9310.03

0.8610.07
0.9910.07
0.9910.02

0.9110.04

0.9310.03
0.9810.03

HBH c OGmeHHOM KoppeKuyiei

XK/U

858k 2854 HEGEE &



CpaBHEHUNA 3KCMNEepUMEHTasIbHbIX W TeopeTUYeCKux OTHoweHwuir HBH c
KoppekumsavMm Ha obmeH pfaHbl B Tabnuue 2 n Ha pucyHke 1. BugHo,

YTO OTHOWEHUA corsacynTca c Koppekuuen XK/LI1=1/xLx/K, paccuuTaH-
Hoi gna 33 . Cornacuve noarsepxgaeTcs u \2 npobon [13], KoTopas
paet X2/Xo .05=N" n 83.3 oA cornacusa c N eguHnuen cooT-
BETCTBEHHO "

3TO noAaTBepxaaeT Hawe npeanosiokeHne, CcornacHo KOTOpPOMY AuHa-
MUYECKME 3MIEKTPOHHbIE Koppensaumn okasbiBawT Ha BH v 33 nopobHoe
BMMAHME. ToOT (akT, 4To Npu 6osiee BbLICOKMX Z He HabnmwopaeTcs oT-
KNOHEHNA OT 06bl4HOW Teopuu [15] He npoTMBOpPeYuT Hawemy npeg-
nonoxeHuw ,T.K. XK/Liv,, ecnu Z BoO3pacTaeT.

B 3ak/i4yeHMe Ham XOTenocb Obl 00paTUTb BHUMaHME Ha BaXHOCTb
NOBLILEHNA TOYHOCTU 3IKCNEPUMEHTA/IbHLIX pe3ybTaToB. 3TO CNOCO6CT-
BOBaU10 Obl YCTAHOBJ/IEHMIO pa3muuii mexay 33 1 BH, 00yc/ioBfEHHbIX
pasnMumavMmM obnacten B3auMoAencTBuii. TeopeTuyeckue uccregoBaHus
3TUX ABNEHUA MPOAO/IKANTCS .

ABTOpbl GnarogapHsl akagemuky [. bepeHu, [UPEKToOpY WHCTUTYTa
3a ero BHUMaHWe K HacTosein paboTe.
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ATOMKI Kozlemények 23 (1981) 189-203

RADIOKARBON KORMEGHATAROZASRA ALKALMAS
ALACSONY ~ HATTERU MERORENDSZER

CSONGOR EVA/ HERTELENDI EDE

ATOMKI H-4001 Debrecen, Pf. 51. Hungary

A szerz6k az ATOMKI-ben kifejlesztett radiokarbon méréberen-
dezésr6l szamolnak be. A mérérendszerben alkalmazott proporcio-
nalis szamlal6é érzékeny térfogata 0,83 dm3, melyet metan gazzal
1026 mbar nyomasra toltenek. A mérdészamlal 6t proporeionalis
szamlalokbol allé antikoineideneia védészamlaloval vették koral,
amelynek alkalmazasaval a nagy energiaju toltott részek altal
okozott hattér jelentékenyen csodkkent. A Tfotonoktél szarmazéd
hattér csokkentése érdekében a proporcionalis szam lal 6cs6-rend-
szert O6lomhazban helyezték el. Az o6lom és a véddészamlald kozé
bérparaffin réteget helyeztek, amely a kozmikus sugarzas altal
az 6lomb6l kivaltott neutronokat abszorbedlja. Az alacsony hat-
terli mérb6éberendezés minden egysége; a proporcionalis szamlalok,
az o6lom arnyékolas és az elektronikus jelfeldolgozdé rendszer az

ATOMKI-ben kerult kifejlesztésre. A kdzlemény tartalmazza a széam-

1al6 és az elektronikus mérérendszer paramétereit.

A mér6berendezés pontossidganak és megbizhatdésidganak ellendbrzése
archeoloégiai lag ismert koru, ill. ismert radiokarbon koncentra-
ciéju mintadk mérésével, valamint mas radiokarbon Jlaboratérium
altal 1is mért minta kormeghatarozasaval tortént (interkalibra-
ciod).

LOW BACKGROUND MEASURING SYSTEM FOR RADIOCARBON DATING. A
radiocarbon dating system was developed 1in ATOMKI (Debrecen).
The system contains a 0.83 dm3 volume gas proportional counter
filled with methan at a pressure of 1026 mbar. The counter is
surrounded by a ring anticoincidence guard counter to reduce
the background caused by charged particles of high energy. This
counter system 1is located in a lead shield to reduce the photon
background. A boron Jloaded paraffin layer was used between the
counters and the lead shield to absorb the neutrons produced by
cosmic rays in the Ilead. Both the detector assembly, the shield
and the electronic system were developed in the Institute. The
parameters of the counters and the electronics are presented.
The accuracy of the measuring system was checked by archaeolo-
gical ly dated samples and by the comparative measurement of #ehe
same sample in different radiocarbon Jlaboratories.
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HU3HO®OHHAA CWCTEMA A4 ONPEJE/NEHUA BO3PA3CTA PAANOYINEPOA-
HbM METOAOM. Bbina pa3paboTaHa cucTema gnsa ornpegeneHust Bo3pacTta
paguoyrnepogHeiv metogom B ATOMK1 (debpeueH). Cucrtema copepxut
rasoBol NpPONOpPUMOHa/IbHLIA cUeTuMH o6bemom 0,83 AM3, HaNOSIHEHHbIM
MeTaHoM A0 pasneHna 1026 mbap. C uenbi yMeHWweHun ¢oHa CcyeTuuH
OKPYXEH 3alWTHbIM HO/MbLOM, COCTOAWWMM W3 MNPOMNOPUUOHAJIBHBIX CYeT-
UMHOB, YMeEHblawWMX npexae Bcero (OH OT 3apshkeHHbIX YacTuy. OoH
OT (JOTOHOB YMeHbllaeTCA MpPUMEHEHMEM CBUHUOBOIO abcopbeHTa. Mexay
CBUHUOM M 3alMTHbIMX CYeTUMHaMM pacnosioxeH 6oprnapapuHOBLIA Crioi
ona  abcopbumm HEWTPOHOB, 06pa30BaBUMXCS B CBUHLE M3-3a KOCMU-
YECKNX Jy4en.

[leTeHTOop, 3KpaHMpoBaHWEe W 3/1IeKTPOHHas cucTema O6bIn pa3paboTaHsb!
B MHCTUTyTe. [aHbl napamMeTpbl CYHETUMKOB W 3NEKTPOHHON CUCTEMbI.
TOYHOCTb M3MEpPUTESIbHOM cucTembl Obila NpoBepeHa npobavv, BO3pacT
KOTOpbIX M3BECTEH M0 apxXeosIorMyecKUm WUCTOYHMKaM, WK Mo onpepe-
NEHNAM OpYTruX pagnoyrniepofHsiX nabopaTopuii.

Bevezetés

A kozmikus sugarzads a Fold légkorének felsdé rétegében jelen-
t6s mennyiségben hoz létre szabad neutronokat. Ezen neutronok
tobbsége a levegbé atomjaival valdo Utkozések soran termikus
energiatartomanyba jut és 1,81x10“2I* cm2-es hataskeresztmet-
szettel a

14 1 ei .14,
NEn.pY  C e WLO0 RV

magreakci6é szerint radioaktiv szénizotdopot (radiokarbont) ter-
mel, mely (*“ bomlassal T~=5730x40 év felezési idbvel IHN-é bom-
lik [1-3]. Az eddigi szamitasok szerint 2-2,5 1UC atom kelet-
kezik szekundumonként a Fold feluletének egy négyzetcentiméte-
rére vonatkoztatva [4-7].-

A radiokarbon a Iégkdrben gyorsan oxidalddik széndioxidda.
Ezt a széndioxidot a légkdri széndioxid nagy mértékben higitja.
A higitas eredményeként a légkori széndioxid szenének fajlagos
aktivitasa - értve ezen az idbegység alatti bomlasok szamat
egységnyi tomegl szénben - 14,1 dpm/gC [3,8]- A szarazfoldi
elélények (novények, allatok, ember) "bioldgiai szenének™ fTaj-
lagos. radiokarbon aktivitasa ennél valamivel kisebb
13,6 bomias/min/gC [3,8].

Fontos megjegyezni, hogy az anyagcsere folyamatok soran a
radiokarbon folyamatosan beépil és tavozik az élélényekbdl.
Ennek kovetkeztében a szarazfoldi élS6lények biolégiai szenének
fajlagos radioaktivitasa folyamatosan koveti az atmoszférikus
szén fajlagos radiokarbon aktivitasat.

Ismerve az anyagcsere folyamat alatt az él6 anyag széntar-
talmanak fajlagos radiokarbon aktivitasat (kezdeti aktivitas),
majd az anyagcsere megsziinte utan bizonyos id6ével megmérve az
akkori fajlagos aktivitast (jJelenlegi fajlagos aktivitas), a
felezési 1d6 ismeretében a radioaktiv bomlastorvéeny alapjan Ki-
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szamithaté az anyagcsere megsz(inésének idépontja, azaz a minta
kora. Ez a radiokarbon kormeghatarozas elve. A radiokarbon kor-
meghatarozasnak Libby uttéré munkadssaga kovetkeztében nagy je-
lenté6sége van a geologiaban, az archeoldgidban és a hidrolégia-
ban [1]-

A radiokarbon kormeghatarozas egyik legnehezebb problémaja
a jelenlegi radiokarbon aktivitas meghatarozasa. A legelterjed-
tebb médszer az aktivitasnak gazfazisban proporcionalis szamlalé
segitségével torténd mérése. A mérés pontossagat a mérendd§ ak-
tivitas és a szamlalé hatterének aranya szabja meg. Ezen arany
kielégité mértékd novelése nélkilozhetetlenné teszi a szamlalé
hatterének csokkentését. A hattércsokkentés bonyolult, nagy
szakértelmet kivand feladat, mely mindenekel6tt a hattér erede-
tének ismeretét teszi szikségesse.

1. A méroszamlalé hattere és a hatteret okozé sugéarzas
eredete

A mérészamlald hattere alapvetéen két részre oszthaté. A do-
minans rész a detektorral vald koélcsonhatds révén szamolt ioni-
zald sugarzds. Ez a komponens radikalisan csokkenthet6, de meg
nem szuntethetd6. A hattér masik részéet az elektromos és folde-
Iési zavarok, az elektromagneses zavarok, a nagyfesziultségl
szigeteldkon fellépd kisulések sth. adhatjak. A hattér ezen ré-
sze megszintethetd, s6t megszintetése szikséges is, minden ala-
csony radioaktivitast méré rendszernél.

Az i1onizadlé sugarzas okozta hattér négy részre oszthatd [9]:

a.) A kozmikus sugarzas hatasara keletkez6 y mezonok a tenger-
szinten kb. 1 in cm-2 jarulékot adnak a szamlal6é kereszt-
metszetének 1 cmz2 felluletére vonatkoztatva.

b.) A hattér egy jelentés része olyan y sugarzastol szarmazik,
mely kolcsbnhat a szamlalé falaval, ill. a szamlalogazzal.
Ilyen y sugarzas szarmazhat a kozmikus sugarzas lagy kom-
ponensétél (elektron-y kaszkadok), vagy a szamlaldé, az 6lom-
hdz, a laboratérium falaiban taldlhatd radioaktiv szennye-
z6kt6l; mionok és elektronok fékezési sugarzasatol, utkozés
utadn gerjesztett allapotba keriult atomok legerjeszt6désébdl,
neutron befogasbol, stb.

c.) A kozmikus sugarzas nukleon komponense szintén jarulékot ad
a mérészamlald hatteréhez. Ezen komponens hattérjarulékat
a szamlaléon athaladdé protonok, valamint a neutronok altal
meglokott atommagok altal kivaltott impulzusok adjak.

d.) Végul szamitasba kell vennunk a szamlalécs6é falaban, ill. a
szamlalogazban 1év6é a ill. $ sugarzo elemek okozta hatte-
ret.
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2. A hattér csokkentésének médszerei

a) Muonok és nagy energias toltott részek okozta hattér
csOkkentése. A kozmikus sugarzas hatasara keletkezd p mezonok
intenzitadsa abszorbens anyagok alkalmazasaval csak nehezen
csokkenthet6. (6 m beton (1000 g cm-2) a mion intenzitast csak
IjUu-es fTaktorral csokkenti). Lényeges csdkkentés csak akkor ér-
het6 el, ha a laboratoriumot mélyen a fold alad telepitjuk [io,
5. old., 9]. A miuonok okozta hattér csokkentése antikoinciden-
cia szamlalé alkalmazasaval lehetséges. Az antikoincidencia vé-
delem lényege a kovetkez6: A mérdészamlalot korulvesszik egy
szamlalérendszerrel (antikoincidencia szamlalé vagy védészam-
1al6). A miuonok athaladnak mindkét szamlalén és bennik koinci-
denciaban 1év6 impulzusokat hoznak létre. A mérdészamlaldénak
azon impulzusait, melyek a védészamlalé impulzusaival koinciden
cidban vannak, az elektronikus jelfeldolgozé rendszer elkulo-
niti a tobbi impulzustél. (Ez utébbiakat antikoincidencia im-
pulzusoknak nevezzik.. ) Az antikoincidencia technika csak akkor
hatdsos, ha olyan szamlalot alkalmazunk védészamlaloként, mely-
nek szamlaldsi hatasfoka a hatteret okozd részekre igen jo. Ma-
gas szamlalasi hatasfok mionok (dE/dx-2 keV mg_icm2) és mas
nagy energiaju toltott részek esetében ez proporcionalis szam-
1al6 segitségével érhetd el a legegyszeribben.

b) A y sugarzads okozta hattér csokkentése. A toltott részek
ellen hatasos antikoincidencia védelem a véddszamlalok alacsony
y szamlalasi hatasfoka miatt nem alkalmazhaté olyan esetben,
amikor a y sugarzast nem kiséri toltott részecske sugarzas. A
Y fotonok ellen a szamlaldékat magas rendszamu anyagokbol (6lom,
vas, higany) allé abszorbens anyaggal szikséges korulvenni. Al-
taldban 10-20 cm falvastagsagu olomhazat vagy 20-30 cm vastag-
sagu vaskopexiyt alkalmaznak. Ez a y sugarzas intenzitasat leg-
alabb 103-os faktorral csokkenti [9].

c) A kozmikus sugarzas altal l1étrehozott mezonok és nukleo-
nok koélcsdnhatasai az abszorbens anyagokban. A y sugarzads csok-
kentésére bevezetett abszorbens anyagokban a nagy energias pro-
tonok és miuonok a kdlcsbnhatasok sorozatat hozzak létre. A nagy
energias protonok koélcsonhatasuk soran toltott és toltetlen
részecskék zaporat hozzak létre, melyben tdbbek kozott néhany
nagy energias un. kaszkad neutron (E>100 MeV) és szamos
10-20 MeV energidju un. parolgasi neutron talalhaté. Ezen neut-
ronok lassitdsa magas hidrogéntartalmid anyagok (pl. paraffin)
segitségével torténik. Ezekben az anyagokban a neutronok az ut-
kozések soran elveszitik energiajukat és termikus energiatarto-
manyba kerilnek. Ha a paraffinba nagy neutron befogasi hatas-
keresztmetszettel rendelkez6 bort keverink akkor az ilyen "bor-
paraffinon™ keresztil a neutron transzmisszié nagyon kicsi lesz
El6nyds tovabba, hogy a 10B(n,a)7li magreakciéban a neutron be-
fogads utan kicsi a y sugarzas valdészinusége.

A muonok koézul a negativ toltésiuek lassulds utan beépulhet-
nek az abszorbens anyag héjaira,majd ezt kovetbéen a mag befog-
ja 6ket. A muonbefogast rontgen fotonok, protonok, neutronok és
Y fotonok Kkisérik, melyek tovabbi magreakcidokat hozhatnak létre

A pozitiv toltésld muonok 1n=2,2 ps felezési idével elbomla-
nak és a keletkezett nagy energiaju pozitron a fékezési sugar-
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zas reven elektron-foton kaszkad kialakulasat hozhatja létre,
melyb8l a keletkezés helyétél nagyobb tavolsagra mar csak a
foton komponenst észleljuk.

d) A radioaktiv szennyez6k hatdsanak csokkentése. Szamos
anyag tartalmaz természetes radioaktiv elemeket. Ezek koézul az
7K, és az U, Th, Ac bomlasi sorok radioaktiv elemeinek y su-
garzasa a legjelent6sebb. Az a és 3 sugarzé elemek gyakorlati-
lag csak akkor adnak jarulékot a hattérhez, ha a szamlalocsé
falat vagy a toltégazt szennyezik. Az alacsony radioaktivitast
méré rendszer felépitésénél nagyon lényeges szempont, hogy min-
den felhasznalt anyag sajat-radioaktivitasa kicsi legyen. A
passziv védelemként alkalmazott 6lom tartalmazhat 21 fPb-et,
melynek felezési ideje TiI= 22 év. Ezért az O0lom sajatradioakti-
vitasat felhasznalas elétt ellenbérizni kell. Altalaban jo ered-
mények érheték el, ha passziv védelemként lagyvasat alkalmazunk,
kulondsen akkor, ha az ontés ideje 1945 el6ttre tehetd. Ezen
két anyagon Kivil néhany laboratérium tobbszorésen desztillalt
higanyréteget is hasznal az alacsony radioaktivitast méré rend-
szer kialakitasakor.

Kalonos gondot kell forditani a szamlalot felépité anyagok
kivalasztasara. A szamlaldok tobbsége OFHC vagy elektrolitikusan
tiszta rézb6l készult. Egészen alacsony hattér érheté el kvarc-
Uvegb6l készult szamlaldcsovek segitségével, de a lagyvas és
bizonyos tipusu rozsdamentes acélok is alkalmasak szamlalok ké-
szitésére. Nagyfesziultségl szigeteldként kvarcuveg, ill. teflon
alkalmazasa a leggyakoribb.

3. Az alacsony hatter( mér6hely leiréasa

A méréseinknél hasznalt alacsony hatterd mérdéhelyet az 1.
abra mutatja. Passziv védelemként 6lom arnyékolast alkalmaztunk.

~Oiom
Noc:i Borparafin

1 abra Az alacsony hattert meréhely vazlata. Az abran két metszetben
lathato a mérGszamlalo, az azt korulvevd vedészamlalo, a borparaffin réteg
és az oOlarhaz.
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A kereskedelemben kaphatdé o6lmok kozil a legalacsonyabb sajat-
radioaktivitasu 6lom kivalasztasa mérés alapjan tortént.
Az 6lomhdz falvastagsaga 10 cm, a fed6lap vastagsaga 20 cm.
Az 6lomhadz tomege 5,1x103 kg. Az 6lombdl Kivaltott neutronokkal
szemben bérparaffin tégladkkal védekezink. Az 6lomhaz belsejében
kb. 20 cm vastagsagu réteget alakitottunk ki ezekbdl a téglak-
bol. A téglak oOsszetétele 55 % paraffin, 35 % polietilén, 10 %
borsav.

A védb6szamlalo és a mérdszamlald rajzat a 2. abra mutatja.

2. dora A mérészamlald és a védiészamlalo tengelyiranyl metszete.

A mérbészamlalé 60 mm belsé atmér6jd 360 mm hosszusagu 0,83 cms
érzékeny térfogatu elektrolitikusan tiszta rézb6l készult pro-
porcionalis szamlalé. Az anddszal polirozott 0,1 mm atmérdji
wolframszal. Szigetelb6ként nagyfeszultségl keramia bevezetdket
alkalmaztunk. A véd6szamlalo rézbol készult, érzékeny térfoga-
tadnak hossza 520 mm. KozOs géaztérben 18 proporcionalis szamla-
16t tartalmaz. Az anddszalak 0,1 mm a&tmérd6ji polirozott wolfram-
szalak. A nagyfesziltségl szigeteldk teflonbdol készultek. Az
anddszalak egymassal 0Ossze vannak kotve és kozos fesziultségrél
Uzemeltethetdék. Mind a védészamlalé, mind a mérészamlalé veég-
lapjainak rogzitése ragasztassal tortént. (A hasznalt ragaszto
kétkomponensl araldit, gyartd cég: CIBA GEIGY.) A leszivocson-
kok forrasztassal csatlakoznak a szamlalékhoz. A szamlald cso-
veket metan gazzal 1026 mbar nyomasra toltjuk. Mindkét szamlalo
belsejében csak a vakuumtechnikaban is hasznalatos tiszta anya-
gok talalhatok, melyek gazleadasa a bennik 1év6 gazmennyiséghez
viszonyitva elhanyagolhatdé. Ez lehetbvé teszi a szamlalok sta-
bil, hosszu ideig tarté mikodtetését ugyanazzal a gaztoltettel.
A szamlalé hatterének alakulasat az 1. tablazat mutatja.

1. tholazat. A mérészamlald hatterének csokkenése kiulonbozé tipusu
amyékolas hatasara

Hatteér armyékolas olcmhazban 6lorhazban anti-
nélkul koincidencia vé-
cpm delemmel
C
m] Cp’n
merészamlalo 30 160 4,6 a)
védiszamlalo 1800 600

a) A hattér energiaspektruma (5.b. abra) alapjan - melyben jellegzetes
mezonoktol szarmazd csucs jelentkezik - azt mondhatjuk, hogy a hattér
dominans része mezonoktol szarmazik.
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Lathaté, hogy az arnyékolas kb. felére csokkentette a mérészam-
1416 hatterét, mig az antikoincidencia védelem tébb mint har-
mincszoros csoOkkentést jelent.

A szamlalé hattere onmagadban még nem nydjt elég informaciodt
a mérdéberendezés érzékenységére vonatkozéan. A szamlalok érzeé-
kenységének oOsszehasonlitasara az S//B hanyadost hasznaljak
(figure of merit, roviditve FOM), ahol S a radiokarbon labora-
toériumok altal standardként hasznadlt NBS oxalsavbdol készitett
gaz mérésekor idbegység alatt kapott impulzusszam 95 %-a, B az
id6egység alatt mért hattérimpulzusszam. A FOM mérérendszerink-
re vonatkozdéan S//B=2,6, S=5,6 cpm és B=4,6 cmp értékekkel
szamolva. A radiokarbon mérérendszerek masik fontos paramétere
a maximalisan mérhetdé kor. Ez definicidé szerint azt a -kort je-
lenti, melyhez tartoz6 radiokarbon aktivitas statisztikus hiba-
Jja negyedrésze az aktivitas értékének. A FOM ismeretében ez a
kritérium a kovetkezé képlettel adhaté meg:

ahol t a mérésidé, T a radiokarbon atlagos élettartama. 48 Oras
(2880 min) mérésidét figyelembe véve mérdrendszerinknél Tmax=
=26000 év.

A kormeghatarozasok hibaja a minimalisan mérhetdé kortél
15000 évig 150-500 év kozott van. 15000 év felett a kor hibaja
nagyobb, mint 500 év és magasabb korok felé haladva gyorsan né.
Ez a magas hiba a radiokarbon korok interpretaciéjat mar két-
ségessé teszi, ezért berendezésunkdén 15000 évesnél i1désebb min-
tak korara csak als6 korlatot adunk.

4. Az elektronikus jelfeldolgozdé rendszer és annak
optimalis beallitésa

Az elektronikus rendszer blokkvazlata a 3. abran lathato.

A 3. abran bemutatott rendszer 0sszes egysége az ATOMKI-ben
készult. Felépitésénél a nuklearis technikaban széles koérben al-
kalmazott egységeket hasznaltuk fel. Az elektronikus rendszer
feladata az, hogy a proporcionalis szamlaldok szamara a szikséges
magasfesziltséget biztositsa és a szamlalékbol érkezé jeleket
feldolgozza (eré6sités, megfeleld energiatartomany kivalasztasa,
a mérészamlaldé impulzusai kozul a védészamlalé impulzusaival
koincidenciaban, 1i1ll. antikoincidenciaban 1év6 jelek szétvalasz-
tasa, iImpulzusok szamlalasa és periodikus 1d6kozonkénti auto-
matikus kinyomtatasa).

Az elektronikus rendszerrel szemben témasztott egyik legfon-
tosabb koévetelmény annak hosszlU tavu stabilitasa. Ezt a hosszu
mérésidé (minimum harom nap, maximum két hét), valamint az a
tény indokolja, hogy a minta kiértékelésénél gyakran olyan hat-
tér értékekkel szamolunk, melyek a mintamérés elétt vagy utan
maximalisan harom héttel torténtek.

195



3. dra Az elektronikus jelfeldolgozé rendszer blokkvazlata.
HV: nagyfeszultségli tpegyseg, PA: elberfGsito, LA: linearis er6sito,
[D: differencial diszkriminator, DU: késleltetd, C: koincidencia egység,
AC: antikoincidencia egység, C: impulzusszamlalé, TU: 1d6zitd egység,
amely a szamlalok periodikus automatikus kiolvasasat végzi, LP: nyomtato.

Az egész rendszer - beleértve a proporcionalis szamlaldkat
iIs - reprodukadlhatdé mikodésének eléfeltétele, hogy a propor-
cionadlis szamlaloknal a munkapont a karakterisztikak platéjan
legyen (4. 4abra). Ekkor az esetleges instabilitasok okozta hi-
ba Bényegesen csokken.

4. dbra A mérGszamlalé es a védGszamlald karakterisztikai. A nyillal
megjelolt pontok a munkapontok.

A jelfeldolgozé rendszer elsO egysége egy toltésérzékeny
elber6sité. Mivel a szamlalonk andédszala van nagyfeszultségen,

az elGerésité szamara a jelet le kell valasztani. Az elGeroOsito
bemenetére a jel egy nagyfesziltségl kondenzatoron keresztul jut
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(C=1 nF). Nagyon lIényeges, hogy ezen a kondenzatoron a kisu-
lésnek semmilyen formaja ne jojjon létre. A kondenzator fellle-
tére vizpara, por és egyéb szennyez6édés rakédhat, mely a fell-
leti vezetbképességet noveli. Ennek elkeriulése céljabol a leva-
lasztd kondenzatort és a nagyfesziltségl sziurdékort tartalmazo
egységet szilikon bazisu kétkomponenslt migyantaval (Tip.:
WAKER-SILGEL 2000) ontottuk ki. Ez az anyag jo szigeteld tulaj-
donsagan tul megakadalyozza a mechanikus szennyez6dést. Szamos
laboratériumban ugy kerulik el a levalaszté kondenzator prob-
Iémiqjat, hogy negativ magasfesziultségen mikodtetik a szamlalo-
Juk katdédjat és az anéd van foldpotencialon.

Az elberbsitd toltésérzékeny fokozataban a visszacsatold
kondenzator kapacitasa Cpg=5 pF. 1gy a toltés fesziltség kon-
verzids egylutthatdé értéke 1/cpp=2xi011 V/C. Az elberb6sitd tar-
talmaz még egy fesziultségerdsitd fokozatot is, ahol az erdésités
kétszeres. Mind a levalaszté blokk, mind az elberésitd6 a propor-
cionalis szamlaldk mellett az 6lomhézban taldlhaté. A toltés-
erzékeny elber6sitdé nagy elénye, hogy kimend jelének amplitudé-
Jja nem érzékeny a bemeneti kapacitasra, ezért ha a csatlakozok
kapacitasa valtozik, nem kell Ujra kalibralni a rendszert.

Az elber6sité jelei a linearis erdsitébe keriulnek. A méré-
szamlal6 analdég jelfeldolgozdé rendszerében a linearis erdésitd
névleges erdsitése s-szoros, mig a vedészamlald esetében 32-
szeres erdsitést hasznalunk. A tényleges mért fesziltségerfisités
kb. harmada a névleges fesziultségerdsitésnek, mivel a lineéaris
er6sité olyan szlrét tartalmaz, melynél az egység ugrasra adott
valasz maximum értéke 0,38 [11]. A linearis erdsitén a diffe-
rencialé, ill. integrald idéallanddé azonos (ekkor kapjuk a leg-
jobb jel/zaj viszonyt), értéke 1,6 Yys.

A hattér csokkentése érdekében célszerld a proporcionalis
szamlalé altal szolgaltatott energiaspektrum kis energias
E<2 keV, ill. nagyenergias E>160 keV részének levagasa. Az
energiaspektrum a szamlalocs6 geometridja miatt erdsen torzult
béta spektrum, melyre sokkal helyesebb az energiaveszteség
spektrum kifejezést hasznalni (5- abra).

A mérbészamlalo esetén a kis, i1ll. nagyenergias rész levaga-
sara differencidl diszkriminadtort hasznalunk. A mérdészamlalonal
az als6 vagasi kiuszob 50 mv a fels6 *000 mV. Ez az alsd vagasi
kiszbb kb. 2 keV energianak felel meg. (A radiokarbon béta
spektrumbél becsult érték.) Ezen adatbdél visszaszdmolhaté a
proporcionalis szamlaldé gazerésitése, feltételezve, hogy 20 eV
sziukséges egy ionpar keltéséhez. Az ulUzemi feszultségen (4050 V)
gazerfsitésre 73000 adodik.

Az elektronikus rendszer digitalis része a differencial
diszkriminatorok uniformizalt kimendjelei kozul a koincidencia-
ban 1évd jeleket kizarja a tovabbi feldolgozasbol. A koinciden-
cia feloldasi i1d6t 500 ys-nak valasztottuk. Ez a magfizikai mé-
réseknél szokatlanul hossziu 1d6 a koévetkezb6kkel magyarazhato.

A szamlaldkat korulvevé 6lomban a nagy energiaju nukleonok,

ill. mionok kolcsOnhatdsaik soran toltott részecskéket és neu™t*
ronokat termelnek. Az az i1d6 amely alatt a neutronok termikus
energiatartomanyba jutnak kb. 250 ys. Ha erre az id6ére nem
tiltjuk le a mérészamlalot, ezek a neutronok jarulékot adhatnak
a szamlalé hatteréhez. A hosszu tiltasi id6 (@ ms-ot hasznalunk)
a radiokarbon mérés esetében a Kkis beltésszam miatt holtidd
problémat nem okoz.
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5. abra A méroszamlalo energiaspektrumai. Az (@) abran a radiokarbon
spektrum és a hattér dsszege, a (b) abran a hattér, a (¢) abran az (@) és
(b) dbrak kulodnbségeként nyert radiokarbon energlaspektrum lathato.

A proporcionalis szamlalok impulzusait négycsatornas szam-
lalé szamolja. (Tip: NC-803). A scaler az els6 csatorndban a
védoszamlald impulzusait, a masodikban a mérészamlalé impulzu-
sait, a harmadikban a mérészamlalé antikoincidencia jeleit, a
negyedikben a szamlalasi ciklusok sorszamat gy(jti. Hosszabb
idejli mérés esetén célszerli a megfelelé impulzusszamokat Oran-
ként kinyomtatni, mivel ez lehet6évé teszi az esetleges elektro
mos zavaroktél szarmazd impulzusokat is tartalmazé ciklusok Ki
zarasat, Teleslegessé téve az egész mérés megismétlését. Az
oranként kinyomtatott értékekbdl kovetkeztetni lehet a szamla-
16 hatterének a barometrikus nyomastol vald fluggésére, az érté
kék szorasabdl pedig a mérés megbizhatdésagara, stb.
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5. A méroszamlalé hatterének valtozasa a légnyomas
flggvényében

A proporcionalis szamlalé hatterének egy részét a kozmikus
sugarzas altal keltett részecskék, ill. fotonok adjak. A kozmi-
kus sugarzas altal l1étrehozott részecskéknek a Fold felszinén
mért intenzitasvaltozasat egyrészt az atmoszféra kulonbozé pa-
ramétereinek (a foldfelszinen mért légnyomasnak, az atmoszféra
hémérsékletének, stb.) a valtozasa, masrészt maganak a kozmikus
sugarzasnak a gyors ingadozasai (pl. naptevékenység) okozzak.
Pontos radiokarbon mérések esetén a statisztikus hiba kisebb,
mint ezen sugarzas ingadozasabol szarmazdé hiba. Sajnos az elé6bb
felsorolt paraméterek kozil csak a légnyomas mérhetd egyszerlen.
A légnyomas és a hattér kozott antikorrelacio van. A hattér ér-
tékének a légnyomastol vald flggését barometrikus effektusnak
nevezziuk.

A barometrikus effektus nagysaganak meghatarozasa céljabol
hosszabb idejl méréseket végeztink a hattérgazzal toltott szam-
laloval olyan id6szakokban, amikor jelentds légnyomasvaltozas
volt. A méréseket részekre osztottuk (esetinkben 12 dOras ré-
szekre) és minden részméréshez meghataroztuk az &atlaglégnyomast.
Az atlaglégnyomas és a hozza tartozo impulzusszamokbol allo ér-
tékparokat kétdimenzids diagramon abrazoltuk (e . abra).

Unbar) |_

TO - ioo- "1
:800- e «=—
L, 90- i i o
r< 3 L +>FFFt L (1
6 - abra A proporcionalis szamlalo hatterének (B) valtozasa a lég 3

() fuggvényében (alsd dbrédk). A mérés folyaman 12 oranként kiértékelt hat-
téradatok és a légnyomas kozti antikorrelacid szemléltetése (TfelsO dbrak).

Az (@) abra a 02.11.-08.11. 1979, a (b) abra a 21.12.-08.01. 1980 idészak-
ban szemlélteti a légnyomds és a hattér kozotti antikcrrelécidt.
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A mérési pontokra a legkisebb négyzetek modszerével egyenest
illesztettink. Az egyenes iranytangense segitségével a légnyo-
masvaltozasra korrigalt hattér (@|<orr) a kovetkezbképp fejez-
heté Kki:

Bkorr = BoJr k(p_F?(o )

ahol Bo a pQ nyomason (po*1000 mbar) kapott hattér, Kk a reg-
resszids egyenes iranytangense. 0sszesen 7 hosszabb idejli hat-
térmérést hasznaltunk a barometrikus effektus nagysaganak meg-
hatdrozdsa céljabol. (Ezen mérések alatt a maximalis légnyomas-
valtozas nagyobb volt mint 15 mbar). Minden egyes mérést a
korabban emlitett médon dolgoztunk fel. A mérések eredményeit
a 2. tadblazat tartalmazza.

2. tdblazat A hattér légnyomasfiiggesének meghatarozasahoz
felhasznalt mérések

mérés ideje mex. légnyomés illesztett iranytangens
valtozas a mé- egyenes hibaja
rés alatt iranytan- °
mbar gense K
®

cpm/mbar covimbar
05.04-20.QU. 1979 20 - 0,0057 0,003
04.10-08.10. 1979 17 - 0,004 0,005
02.11-08.11. 1979 2 - 0,0058 0,002
21.12-08.01. 1980 3B - 0,0061 0,002
26.02-03.03. 1980 21 - 0,0101 0,004
10.07-21.07. 1980 17 - 0,0114 0,004
03.01-08.01. 1979 23 - 0,0063 0,002

Az atlagos K érték meghatarozasa ugy tortént, hogy az egyes mé
résekb6l kapott k értékek sulyozott atlagat képeztiuk az alabbi
Osszeflggés szerint:

E(1/< )
i Ki

Az i1gy kapott iranytangens hibaja:

7 mérés kiértékeléséb6l k- ~0,0068x0,0012 cpm/bmar értéknek
adédott. Ez atlagos hattér esetén 0,1+ %/mbar valtozasnak felel
meg, ami valamivel kevesebb mint amit mas szerz6k hasonldé szam-
lalékra megadnak [12-15].
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6. Az alacsony hatterid méréberendezés hitelesitése és
interkalibracidj a

A mérbéberendezés rutinszerl( uUzemeltetésével kapcsolatban
négy éves tapasztalatunk van. Ezen id6szak alatt mind a propor-
cionalis szamlalék, mind az elektronikus jelfeldolgoz6 rendszer
stabilan, reprodukalhatéan mikodott. A mérések relativ hibgja
1-2 % a mérésidotdél fuggben. A hiba dominans részét a statisz-
tikus hiba adja és jelentéktelen a szisztematikus hiba.

A mérdéberendezés megbizhatdé mikodésérdl elbszor régészetileg
meghatarozott koru minta koranak meghatarozasaval és ismert ko-
ru faévgyuriuk radiokarbon tobbletének mérésével gy6z6édtink meg
(3., 4. téblazatok).

3. tablazat A mérGberendezés hitelesitése regészetileg
meghatarozott koru csontmintaval

minta minta 1svert kor mért kor dendrokronolégiaxLag

szama neve korrigalt kor

Deb-224 Bh 292 i1.e. 4 sz 24001140 B.P. 4701140 B.C.
csont

4. tabldzat A mérdberendezés hitelesitése ismert radiokarbon

=7 =

minta mérés vizsgalt évgylirti formal6- radiokarbon
szama helye fafgj das éve tébblet
A 11CC0)

Gr\-8060 Groningen Quercus 1963 820,611,5
rubra L

Deb-150 Debrecen  Quercus 1963 816,2116
rubra L

Gr\-8062  Groningen Quercus 1962 389,211,5
rubra L

Deb-151 Debrecen  Quercus 1962 397,5115
rubra L

A késb6bbiekben interkalibracios méréssel is ellendriztiuk
méréberendezésink pontossagat. A pragai Karoly Egyetem Hidro-
geologiai tanszékének Radiokarbon Laboratdriuma bocsatott ren-
delkezésinkre egy elszenesedett famintat,ami Pisek (Dél-Cseh-
orszag) melletti folyami homokbdl keriult feltarasra és amelynek
korat berendezésukkel (CO2 toltésld proporcionalis szamlaldéval)
meghataroztak (6. tablazat) [16].
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5. tablazat A mérdéberendezés interkalibracidja

minta minta konvencionalis

szama neve radiokarbon kor

CU-179 Pisek (Cseh) 5394028 B.P.
faszén

Deb-159 Pisek (Cseh) 53401160 B.P.
faszén

A 3., 4. és 5. téablazat eredményei igazoljak mérbéberendezésink
megbizhatdésagat.
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MOHELYUNKBOL, LABORATORIUMUNKBOL
EGY A PDP-8/1-N MUKODO, RSY-11M TERMINALT SZIMULALO PROGRAM

ZOLNAIl LASZLO
ATOMKI, H-4001 Debrecen, Pf. 51. Hungary

Az aldbbiakban egy az RSX-11M operéacidés rendszer terminaljat
szimulal6é, egy PDP-8/1 szamitégépen Ffutd, PAILI-111 nyelven irt
kommunikaciés programot 1ismertetink az RSX-11M operéacids rend-
szer termindljéanak szimulécidéjara. A program lehetfvé teszi bi-
naris adatok nagysebességli forgalmat 1is a PDP-8/1 és a PDP-11/40
kozott.

A PDP-8/1 PROGRAM FOR THE SIMULATION OF AN RSX-11M TERMINAL~"
A PDP-8/1 program simulating a terminal to the PDP-11/40 com-
puter under RSX-11M operating system 1is described. The high-
speed binary data transfer between the two computers 1is also
possible using this program.

nNPOrPAMMA HA 3BM PDP-8/1 ANnd Ccumynaumuun TEPMUHANA RSX-11/M.
OnucaHHada Ha A3bHe PAL-111, pgna cumyndauum TepmuHana RSX-11/M.
MporpamMmMa nNpurogHa W ANS BbLCOHOCHOPOCTHOro oO6MeHa [ABOWYHLIX JaH-
HbIX Mexay wMmawumHamu PDP-8/1 wn PDP-11/40

1. Bevezetés

Az ATOMKI 5 MeV-es elektrosztatikus gyorsitdéja ND-50/50 ti-
pusu mér6- és adatfeldolgoz6 rendszere és az intézet PDP-11/40
szamitoégépén futd RT-11 operaciods rendszer kozott (a KLs-JA [l
ill. a OL-11-W [2] illeszt6 egységeken keresztul) évek o6ta mUko-
dik egy kommunikacidés programkapcsolat, amely spektrumok atvi-
telét bonyolithatja le a két rendszer kozott [3-4].

A PDP-11/40-en az RSX-11M operéacidés rendszerre vald attérés-
sel a fentebb emlitett programok hasznadlata nehézkessé valt.
Mivel az RSX-11M tobbfelhasznalds operacidés rendszer, a fenti
kapcsolatot célszerilnek tartottuk egy RSX-11M terminal Uzemelte-
tésére is felhasznalni. Ezen kivul célul tiuztik ki a PDP-8/l-n
futd programok binaris tarolasanak megoldasat a PDP-11/40
diszkjein, mivel az ND 50/50 rendszer nem rendelkezik gyors
tomegtarolodval.
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A vazolt feladatot az ND-50/50 rendszer PDP-8/1 szamitogépén
futd TT1HAND nevd program, ill. a PDP-11/40-en futd specialis
(FORTRAN és MACRO nyelv() programok megirasaval valamint a
PDP-g/1-n futd CILDAP"78/1 [5] programnyelv atalakitasaval
(CILDAP"80/3 [e]) oldottuk meg. Az alédbbiakban a TT1HAND nevd
programot ismertetjuk.

2. A TT1HAND program mikodési elvei

A bevezetésben emlitett feladatok egy része (spektrum- ill.
binaris programok forgalmazadsa) a lehetd6 legnagyobb sebességet
igényelne, a megvaldsitds soran viszont a terminalizemmoéd a ren-
delkezésiunkre alld Kkis sebességl terminadl (ASR-33) miatt csak
110 baud sebességet enged meg. Ezen kovetelménybeli ellentmondas
feloldasa jelentette az alapvetd problémat a TT1HAND megirasanal
mivel az illesztd egységek sebessége nem programozhatd, csak
hardware-sen valtoztathatdé 50 és 9600 baud kozott.

Egy masik problémat jelentett az a tény, hogy az RSX-11M
rendszer altaldban a tobbfelhasznalds Uzemmodbol eredben nem
mindig képes fogadni a beérkezd informacidét; ennek biztositasa
az RSX-11M macro-inak felhasznalasat igényli.

Az elmondottaknak megfeleléen a TT1HAND-on belul két részt
kialonboztettink meg.

A program az inditds utan alaphelyzetbe allitja a megfeleld
valtozékat majd az RSX-11M terminaljat szimulalja mind az ASR-33
mind az RSX-11M felé kozvetlenul csatlakozva az RSX-11M terminal
kezel6 vezérl6jéhez [7]. Ebben az tUzemmédban az ASR-33-rol érke-
z6 karakterek, ill. a PDP-11/40-t6l érkez6 karakterek sort al-
kotnak egy 7 karakteres ciklikus pufferben; a sor hossza az ér-
kezéskor n6, a kinyomtataskor csokken. A TT1HAND a PDP-11/40-rél
érkez6 karakterek pufferjanak beteltekor egy (CTRL/S) karaktert
kild az RSX-11M terminal vezérl6jének, amely ekkor felflggeszti
a terminalra vald kivitelt; a puffer kitrulésekor egy (CTRL/Q)
karaktert kuld, ami Ujra inditja az RSX-11M kivitelét. 1ly modon
az ASR-33 lassusagabdl eredd nehézségeket at tudjuk hidalni az
illeszt6 egységek 9600 baud-os sebességen vald lUzemeltetése mel-
lett.

Ebben az lUzemmédban a PDP-11/40-en csak az RSX-1IM-nek kell fut-
ni, a TT1HAND direkt kapcsolatban az RSX-11M terminalkezeld ve-
zérl6jével van az MCR-en keresztul.

A nagy sebességl uzemmdéddban nem a fenti mdédszert kovetjuk,
mert a gazdasagos idb6kihasznalds miatt szerettik volna a rendel-
kezésunkre allo s bitet felhasznalni. A kontroll karakterek
haszndlata viszont ezt nem engedné meg. Ezért ebben az Uzemmdd-
ban mindkét oldalon megfeleld programoknak kell futni.

A két Uzemmdd kozti attérést ugy oldottuk meg, hogy a TTIHAND-
ot érzékennyé tettiuk az ASR-33-r61 ill. a PDP-11/40r6l1 érkez6
(CTRL/P) karakterekre. Az ASR-33-rol érkez6 (CTRL/P) utan a
program egy oOtjegyl oktalis cimet var. Ez a cim annak a program-
nak a kezd6cime amelyre a vezérlésnek kell kerulni a kovetkezd
iI(CTRL/P) karakter utan. Az ASR-33-rol érkez6 (CTRL/P)-vel ezt
a cimet barmikor beallithatjuk. Amennyiben az otjegyl cim kdzben
(RETURN) karaktert utink le, ez az el6z6leg beallitott cimre
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valo ugratast eredményez. I1ly médon ugorhatunk &t egy a PDP-g/I
memériajaban mar meglevé programra. EbbSl kévetkezik, hogy ha a
két rendszeren egyuttmikodd programok futtatadsara van szikség,
a PDP-11/40-en futdé programnak egy (CTRL/P) kuldésével kell a
kapcsolatot kezdeményezni .

A TT1HAND tartalmaz két ilyen programot. Az egyik a PDP-g/I
memériajaban levé programoknak a PDP-11/40 perifériaira valé
kuldésére alkalmas (mivel binaris adatokrol van sz, csak a
diszkeket hasznaljuk). Ekkor a fentebb emlitett kezdb&cim
37000(8), a PDP-11/40-en futd program neve BUP. A felkluldés az
eléz6leg kijelolt memdriatartomanyokbol byteonként torténik az
RSX-11M operacids rendszer Qi0$ macréjanak felhasznalaséaval.
Minden byte elétt a PDP-11/40-en futd program egy (CTRL/P) ka-
raktert kuld, jelezve, hogy kész a PDP-8/1 oldalardél érkez6
karakter fogadasara.

A TT1HAND-ban levé masik program a diszkeken tarolt, BUP-pal
készitésére programok fogadasara és tarolasara szolgal [cim
37700(8), a PDP-11/40 program neve BDN]. Ekkor a PDP-g/1 felé
valé kiuldés byteonként torténik anélkil, hogy elbzetesen ka-
raktert kiuldenénk a PDP-s/1 fogaddkészségének megallapitasara,
ugyanis a PDP-s/l-en megoldhat6é, hogy minden id6ben kész legyen
a karakter fogadasara 9600 baud-os sebesség mellett.

Mivel a binaris adatforgalom formatuma megegyezik a papir-
szalagon tarolt binaris programok formatumaval, Kkis tobblet-
munkaval beépitettik a papirszalagos binaris beolvasé programot
is a TT1HAND-be. Ennek cime 37701(8), és a lyukszalag gyors-
olvasét hasznalja.

Az alabbiakban konkrét példakon ismertetjuk a fentebb leirt
program mikodtetését.

3. A TTIHAND m{ikodtetése

A PDP-g8/l1-m miikddé programnak a leirtak szerint négy f6 fe-
ladata van. Erek a kovetkezO6k:

1. Szimuldlni a PDP-11/40-n m(kdéd6 RSX-11M operécidés rendszer
terminaljat.

2. Lehetévé tenni PDP-s/l programok eljuttatasat a PDP-11/40-re.

3. Lehetévé tenni a PDP-11/40-en tarolt PDP-8/l1 programok be-
toltését a PDP-s8/l1 memériajaba.

4. Binaris szalagon tarolt programok beolvasasat a PDP-8/l me-

-z = 7

Az egyes feladatoknak megfeleld program-részek a kovetkezd
teruleteket foglaljdk el a PDP-s8/1 memorijaban.

. :37146-37677
2. :37000-37145
3. :37700-37755
4. -37701-37755

A fenti behatarolas durva, mert egyes szubrutinokat tobb
programrész is hasznal, azonban a 2. rész nélkil a tobbi funk-
cidok tudnak mikodni.
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Az 1. funkciodval kapcsolatos tudnivalodk _
A programot tartalmazé szalagot” (Jele:TT HANDF3.RIM) a RIM
loaderrel lehet a memdériaba olvasni. A program mindig a 3. mo-
dulba kell, hogy keruljon. Ezutana 37777 cimr6l indul a program.
Ha a PDP-11/40-en az operéacios rendszer fut, a konzolirogépen
(tovébbiakban TTY-n), az RSX-11M promptja () jelenik meg. Ez-
1tan a TTY mint az RSX-11M TT1: terminadlja mikodik néhany Kki-
sebb eltéréssel.
Ezek a kovetkezo6k:
a) A <CTRL/0> karakter hatasa maximum 7 karaktert késhet.
b) Kijelentkezéskor néha a program nem helyesen ekhozik. Ez a
hatas elkerilhetf§ a kovetkez6 utasitassal:
>SET /TERM=*TT1 : ASR33<RETURN>
c) A program érzékeny a TTY-rol vagy a PDP-11/40-r61 érkez6
<CTRL/P> karakterre. Ennek hatasara elugrik a megfeleld§ ta-
rolt elmére a PDP-s/Il-nek.
Ha nincs ilyen cim tarolva, megall; [az akkumuld&tor tartalma
7402(8)] ujraindithatdo 37777-r6l.

A 2. és 3. funkcidval kapcsolatos tudnivaldk
Ezeknél a funkcioknal, a PDP-11/40 és a PDP-8/1 oldalan egy-
egy, a 2.-ben emlitett programnak kell futni.

A 2. funkcidé mikodtetése

a) A terminal Uzemmédban Hleltink egy <CTRL/P> karaktert, mire
b) a kovetkez6 karaktersorozat jelenik meg a TTY-n
~P

c) A @ karakter utan beirjuk a PDP-s/l-n futdé program cimét:
®37000

d) utéana egy
>

karakter jelenik meg, anii utan elinditjuk a BUP programot:
>RUN BUP<RE"TURN>
A TTY-n megjelenik:
BUP>
ezutan

) begépeljiuk a kivant RSX-11M file nevét.

g) ezutan
1P
HEXXXXX@YYYYY
formdban begépeljiuk & felvinni kivant PDP-8/1 memdriatarto-
aany hatarait (A @ karakterek a TT HAND-t6l szarmaznak, az
XXXXX és YYYYY 0 és 37777 kozé kell hogy essenek és XXXXX-
nek kisebbnek vagy egyenlének kell lenni YYYYY-nal). A me-
moriatartomanyokat a kivant sorrendben kildhetjuk fel. Ha
nincs tobb elkildend6 tartomany, a kovetkezd @ utan <RETURN>-t
utink.
Az RSX-11M file lezarasa utan a > jelenik meg és a TT1HAND
ismét terminalizemmédba kerul.

A 3. funkcido mikodteteése:
a) A terminal Uzemmédban leltink egy <CTRL/P> karaktert, mire
0) a kovetkez6 karaktersorozat jelenik meg a TTY-n

~P

B
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c) A @ karakter utan beirjuk a lenti program cimét: @37700,
utana egy
>

karakter jelenik meg, ami utan elinditjuk a BDN programot:
>RUN BDN<RETURN>

e) A TTY-n megjelenik:
BDN>
ezutan begépeljiuk a lehozni kivant file nevét,

g) ezutan a terminalon
Lind
jelenik meg, majd a helyes lehozatal utan a program terminal
uzemmédba tér at és megjelenik a >.
Ellen6rz6 Osszeg hiba esetén a program megall, 37777-r6l Ujra
indithato.

A 4. funkci6é mikodtetése

a) A beolvasni kivant binaris szalagot (amellyel szemben az
egyetlen kikotés, hogy field informacidoval kezdddjon) a be-
kapcsolt gyorsolvasdba helyezzik.

b) Beadllitjuk a PDP-8/1-n m(ikdédé program cimét az el6bbi eljaras-
sal 37701-re

c) majd ismét <CTRL/P>-t Utink le amire

d) @ karakter jelenik meg.

e) ezutidn <RETURN>-t Utve a szalagot a gép beolvassa.
Ellen6rz6 6sszeg hiba esetén a program megall, 37777-r6l Ujra
indithato.

Megjegyzések:

a) Helyes végrehajtas esetén a fenti funkcidk "felhasznaljak”
a PDP-8/1-n mikoédé program cimét, tehat ismételt aktivizalas
esetén Ujra be kell allitani azokat.

b) A4, funkcidénal megismert miveletsor altaldnos séma
PDP-8 /1 programok LOAD & GO aktivizalasara (-eltekintve néhany
flag allapotatdol interruptos program esetén).

c) Visszatérni a terminal programba egy PDP-8/1 programbol
a 37777-re vagy a
a 37600-ra vald ugratassal Ilehet.

d) A filespecifikaciokat az RSX-11M rendszernek megfelelben
kell hasznalni.
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AZ ND-50/50 RENDSZER "C-1LDAP*80/3" MERO- ES ADATFELDOLG0ZO
PROGRANNYELVE

ZOLNALl LASZzLO
ATOMKI, H-4001 Debrecen, Pf, 51. Hungary

Egy a "FOKAL"71"-en alapuldé programnyelvet ismertetink, amely
alkalmas egy PDP-8/1 szamitdégépet hasznald mér6- és adatfeldol-
goz6 rendszer programozasara.

“"C-1LDAP"80/3"™, A MEASURING AND DATA PROCESSING PROGRAMING
LANGUAGE FOR AN ND-50/50 SYSTEM. A "FOKAL"71"™ based Ilanguage for
programming a ND-50/50 measuring and data processing system is
described.

NMPOrPAMMHbLIN A3bIK W3MEPEHUA W OBPABOTKW "C-1LDAP"80/3" ﬂHﬂ
CWCTEMbB ND-50/50. OnwucbhBaeTCca A3blK, OCHOBaHHbN Ha "FOKAL®"71",
LN nporpamMumpoBaHuUsa CUCTeMbl U3MEpPeHUsa U 06paboTKu.

1. Bevezetés

Az ATOMKI 5 MeV-es Van de Graaff tipusu gyorsitéjanak méré6-
kézpontjdban, a mérések automatizaldsa és a mérési adatok fel-
dolgozasa teruletén elért eredményeinket kordbban kozoltuk a
[1-8] cikkekben. Ezekben a cikkekben altalaban a mérékézpontban
lev6 Nuclear Data 50/50 mér6- és adatfeldolgozdé rendszer [9]
szamara irt programokat ismertettink.

Az utdbbi években a mérékdzpont hardverje bévilt, a jelenle-
gi kiépitést az 1. abran mutatjuk be. A leglényegesebb hardvare
bévitést harom Ujabb A k-s memériamodul, egy SYKES COMPU/CORDER
120 tipusu digitalis, kazettas adatrogzité magnetofon [10], egy
ICA*70 analizator [16] beszerzése valamint a PDP-11/40 rendszer-
hez valé kapcsolat [15] l1étrehozasa [8,14] jJelentette.

A mérdékozpont bdévitésével egyre inkabb szikossé valt a rend-
szer szamitogéepének, a PDP-s/l-nek a memoridja. Ezen kivul, a
régebbi programrendszerhez ('ZOLA"73-1&0/2." és a "NAPO2" - £d.:
[3.4])-hoz valdé ragaszkodasbol sziletett "CON-ZOLA®77"-nel [5]
a memériakihasznalas nem volt optimalis. Tobbek kézoétt minden
uj periféria installalasakor uj fuggvényeket kellett az alap-
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programnyelvbe Tri, és az eredetileg 4 k kozponti memériara
tervezett programrendszer szovegmezeje tovabbra is a 4 k-nak
megfelelben™rovid (kb. 1000) karakteres maradt.

Ezek a tények inditottak arra benninket, hogy részben uj

L dora. A "C-1LDAP*80/3"-mai programozhato rendszer jelenlegi kiépitett-
ségének sematikus vazlata
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alapokra helyezzik a rendszer programozasat. A legnagyobb valtoz-
tatds az volt, hogy a "FOKAL*71"-et [11] valasztottuk alapprog-
ramnyelvnek. Ennek oka az volt, hogy ennek a "FOCAL®"69"-hez [12]
képest fejlettebb a perifériakezelési rendszere.

A fejlesztést két lépcsbében hajtottuk végre. Az els6 szakasz-
ban a magnetofont, a kapcsolatot és az ICA"70 analizatort keze-
16 8 K memériat hasznalé C-ILDAP’78/1-et [17]; a masodikban a
szamlaldkat [18-19] valamint a terminal kapcsolatot [21] kezeld
16k-s C-ILDAP"80/3-at hoztuk Iétre.

A programnyelv létrehozasa soran figyelembe vettik a hasonld
programnyelvekkel szerzett tapasztalatainkat. Az utasitas és
fluggvénykészlet Osszetétele tobbéves, a VdG-5-tel végzett mag-
és atomfizikai mérésanyagra tekinthetd optimalizaltnak. Az aléab-
biakban a "FOKAL’71" jellemzfit ismertnek tételezzuk fel [11],
igy a létrehozott programnyelvnek, a "C-ILDAP’80/3"-nak tobbnyi-
re csak az attol vald eltéréseit ismertetjuk. Maga a "'C-1LDAP"80/3"
a "FOKAL"71"-b&1 és egy overlaybél ('C-1LDAP"80/3-0Y") all. Az
utasitas és fiuggvéenykeszlet leirdsa a program listgjaval és
egyéb tudnivaldkkal egyutt a [23]-ban talalhaté meg, mely az ér-
dekl6d6k rendelkezésére all.

2. A "C-ILDAP"80/3" jellemzli

A "C-I1LDAP"80/3" az ND-50/50-rendszernek az 1. &bran lathato
konfiguracidojat tamogatja. A "FOKAL’71" szolgaltatasain tul az
aldbbi lényeges programozasi segédeszkdzok allnak rendelkezésre.

A. Kulonboz6 periféridk tamogatasa

1. A rajzoldé egység tamogatasa

A [17]-ben leirt DAC-ek, ill. a rajzold egységet Kkiszolgalo
kapcsol6 programozasa egy fuggvénnyel lehetséges, amely a DAC-
ek kimenetén az argumentumoknak megfeleld fesziultséget szolgal-
tat a kapcsolé meghatarozott allasa mellett.

2. Szamitégeépvezérelt kapcsolo

A [19]-ben leirt egységben kapott helyet egy a szamitogép al-
tal vezérelt kapcsold, amelyet kulonb6z6 egységek (pl.: TTY,
beam-stop) vezérlésére hasznalhatunk (£d. FP fuggvény [23]).

3. A routing regiszter programozasa

Az elmult id6szakban kifejlesztésre, és az ND-50/50 rendszer-
hez illesztésre kerult egy kuls6é logikai jelek (pl. detektorrol
Jové jelek) azonositasat lehetévé tevé nyolccsatornas routing
egység [19]. Ezt az egységet gyors beam-stop egység allapotanak
ellendrzésére is felhasznalhatjuk. Az egység tamogatasara egy,

a beérkez6 impulzus csatornaszamat szolgaltatd fuggvény all ren-
delkezésre.
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4. A D-tipueu szamlaldék programozasa

[18]-ban leirt szamlaldok kijelzés nélkuliek, egy kozulik
minden bejovo impulzusra megszakitast kér, a tobbi harom meg-
szakitas kérési gyakorisaga kivulrél allithatd (1,16,256 vagy
4096-ra). A "C-I1LDAP"80/3" egy utasitassal (amely torli a szam-
lalokat) és egy fuggvénnyel (amely a tartalmak, és az megszaki-
taskérések szamanak lekérdezésére szolgal) tamogatja ezeket a
szamlalokat.

6. Az N-tipu.su szamlaldk programozasa

[19]-ben leirt 4 Kijelzéses szamlalot a programnyelv a D-
tipusnal leirt szinten tulmenben még két utasitassal tamogatja
amelyek lehet6vé teszik a szamlalék GATE bemenetelre megengedd
ill. tiltd jelek atvitelét.

6. Gyors magnetofon miveletek

A digitalis kazettas magnetofonon végzett keresési miveletek
meggyorsitasara két utasitas all rendelkezésre, amelyek lehet6-
vé teszik a szalagnak az utasitasok argumentumaival meghataro-
zott blokkszammal elére, ill. hatra iranyba valé mozgatasat,
valamint a szalag elejének, ill. végének gyors elérését (£d.:

O F és 0 B utasitasok [23]).

7. Assembler flggvény

A "c-1LDAP"80/3" -hoz hasonld programnyelveknél altalaban
kényelmetlenséget okozott, hogy egy-egy uj periféria illesztése-
kor nem allt megfeleld tamogatas rendelkezésre, masrészt nagyon
gyors miveletek programozasara az interpreter jellegb6l kifolyo6-
lag nem volt lehetéség. Ezért a ""C-1LDAP"80/3"-ba beépitettink
egy TFuggvényt (FF) amellyel a maximalis miveleti sebesség érhetd
el bizonyos korlatozott programrészen belul. Az uj flggvény a
kovetkezé médon midkodik:

A fuggveny maximalisan 16 argumentumu lehet. Ha tb6bb argumen-
tum van, az utolsé a LINK*4096+AKKUMULATOR értéket jelenti a
fuggvenybe valé belépéskor. A tobbi argumentumot a programnyelv
sorban (az 1d6ben elére sorrend a flggvény argumentumainal ha-
tulrdél elbre sorrendet jelent) bemasolja egy meméria mezbbe,
majd végrehajtja az igy keletkez6 programrészt mintha egy le-
forditott PAL-111 nyelvli program lenne ott. Az FF fuggvény vég-
rehajtasa utani LINK*4096+AKKUMULATOR érték a figgvény értéke
lesz. Egy argumentum esetén az argumentumot mint PAL-1I1 nyelvid
utasitast hajtja végre, a fiuggvény értéke 0 vagy 1 lesz attol
flggben, hogy az utasitas hatasara az utasitasszamlaldé ugrott-e
vagy sem.

Az H- fluggvény hasznalata szamos programozasi lehetdséget
Qijt, itt néehany példat emlitink meg a lehetséges alkalmazasok-
a:

a) A fTuggvények és utasitasok kozott nem szerepld, megszakitast
nem kérd miveletsorok programozasa,

Ib) logikai mlveletek gyors végrehajtasa,

c) barmely a ""C-1LDAP’80/3"-ban meglevé szubrutin hasznalata.

d) A "C-ILDAP" 80/3" bels6 valtozoinak, valamint a teljes meméria-
nak hasznalata,
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e) uj periféria programozasanak megoldasa,
) a "C-I1LDAP’80/3" listijanak ismeretében a programnyelv
jellemzbinek megvaltoztatéasa.

B. Osszetett miveletek
1. Gyors analizatormiveletek

Néhany analizatormivelet gyors végrehajtasara a maltbeli ta-
pasztalatok nyoman kiulén utasitasokat, ill. fuggvényeket ala-
kitottunk ki. Ezek a kovetkez6k:

a) Az RV fluggvény segitségével megkereshet6 az analizator kivi-
lagitott tartomanyainak csatornaszama.

b) a K utasitas az ND-50/50 analizator memériajanak megadott
csatornaszamig valdo torlését,

c) a P utasitas az ICA"70 -b6i valdé rajzolas elinditasat,
d) a Z utasitds az analizatorokban gyljtési mivelet elinditasat,

€) a V utasitas pedig az elinditott miveletek befejezésére vald
varakozast programozza.

) az egyparaméteres FR és RW flggvények hasznalataval az
ND-50/50 és az ICA"70 analizatorok kozott végezhetink gyors
adatatvitelt, és a két analizator kulonb6z6 adatabrazolasi
formaja (tiszta binaris, ill. BCD.) miatt szukséges konverziot.

2. Spektrumforgalmazéas

A [5] és [17]-beli spektrumforgalmazasi médot kiterjesztet-
tuk a PDP-11/40-nel vald kapcsolatra, valamint a lassu papir-
szalagos periféridkra is. 1gy a spektrumforgalmazast két nyolc-
paraméteres fuggvény (az FR és az FW az analizatorba, ill. ana-
lizatorbdol vald spektrumatvitel, £d.: [23]) alkalmazasaval lehet
megoldani. A figgvények argumentumai az atvitel jellemzbinek az
alabbi valasztasi lehet8ségeit nyujtjak:

a) a kezdb6csatorna cime

b) atviend6 csatornadk szama (csak FW esetén)

c) FR esetén a beolvasasra keruld spektrum hozzdadasa
(kivonasa) az analizatorbeli spektrumhoz(bdél)

d) magnetofon esetén a sav kivalasztasa

e) spektrumazonositd (0-4095 kozotti szam)

) a spektrum atugréasra kerul vagy sem
(a PDP-11/40 kivételével, csak FW-re)

g) az analizator kivalasztasat (ND-50/50 vagy az
ICA®"70 szektorair)

h) a periféria kivalasztasat (gyors/lassu papirszalagos,
PDP-11/40 vagy magnetofon)

A "C-ILDAP"80/3" FR és RW fuggvényeinek egyik lUzemmédjaban a
ki-, ill. beviteli periféria a PDP-11/40 lehet. A PDP-11/40-en
ekdézben az SPD, ill. az SPA programoknak kell mikoédnitk. Ezek a
programok biztositjak a PDP-11/40 oldalan a megfeleld mivelete-
ket. E programokat terminal lUzemmédban indithatjuk el, majd a
[21]-ben megismert eljarassal a 30300(8) cimre ugrunk.
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A "'C-ILDAP" 80/3”-ban ezutan szabadon alkalmazhatjuk az FR és

FW flaggvényeket. A programok mindaddig mikodnek ameddig termi-
nal Uzemmdédba vissza nem térink. Az SPD és az SPA programok a
spektrumok tarolasi modjaban kulénbdoznek. Az SPD a [22]-ben
leirt program "D" tipusu kédjat, az SPA az "A" ill. "I' tipusu
kodot alkalmazza. Mivel a 'D" kod alkalmazadsanal a csatornatar-
talmak a PDP-11/40 kétszavas lebeg6pontos valtozdinak pontos-
sagara kerekitodnek, mindazon spektrumoknal, amelyeknél a csa-
tornatartalom valtozatlan megbrzésére van szikség (pl. koinci-
dencia mérések lista tupusu eredményei) az SPA alkalmazasa ajan-
lott. A PDP-11/40 oldalan a spektrumfile-ok nevei SYO:ABxxxx.ABC
szerkezetliek, ahol az ABC karaktereket az O L "ABC" utasitassal
allithatjuk be; az xxxx széam az FW ill. FR fliggvény argumentumai
kozott szereplé szam. Egy tipikus 4k-s spektrum esetén a hely-
igények a kulonb6z6 tarolasi formaknal a kovetkezbek:

SPD: ~ 9 blokk
SPA: N33 blokk
Ho Ilerit(10F7 .0): A blokk

3. Marker generalas

Mérés alatt hasonldé programnyelvek nagyon sokszor varakozo6
ciklusban vannak a tapasztalatok szerint. Ezt az i1d6t hasznaltuk
fel markerek generaldsara az ND-50/50 analizatorban. Maximum
128 marker generalhatdé kulonboz6é cimeken.

4. Szamértékek taroléasa

Tekintettel a korlatozott szamban hasznalhaté valtozoékra,
érdemes megemliteni, hogy szamos egyéb lehetéség van nagyszamu
szamérték tarolasara. Fizikailag harom helyen tarolhatunk val-
tozokat fuggvények felhasznalasaval.

a) A PDP-8/1 2. moduljaban max. 1365 lebegbpontos valtozoét
(FZ fuggvénnyel)

b) az ND-50/50 memoridjaban 4096 egészértékl vagy 2730 lebegb-
pontos valtozét (FN,FX,FY flggvények segitségével)

c) az ICA"70 memériajaban 4096 egészértékl valtozot (RM fuggvény
segitségével),

e) az FB fuggvénnyel egy egészértékld valtozét (amelyet célszerd
az ND-50/50 analizator mindenkori csoportszambeallitasanak
megfeleléen hasznalni),

) az K fluggvénnyel egy lebegbpontos valtozoét.

5. Tobb-indexes valtozok

A "C-1LDAP"80/3"-ban lehetbéség van tobbindexes (2,3,4,6 vagy
12 indexes) valtozok hasznalatara (azonban az 6sszes hasznalt
valtozok szama nem lehet tobb mint kb.: 80). Az alapvaltozatban
egy és két indexes valtozokat hasznalhatunk; magasabb indexszam
az FF fuggvénnyel megvalésitott Kis programokkal érhetd el.
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C. Egyéb szolgaltatasok
1. Monitorokkal vald egyuttm(kodés

A programnyelvvel egyitt két monitor lehet a meméridban.
Ezekkel kapcsolatosan a kovetkezOket emlitjuk meg:

a) A TTIHAND [21] nevd monitor biztositja a PDP-11/40-en futo
RSX-11M operaciods rendszerrel vald kapcsolatot. Az RSX-11M
Monitor Consol Routinja a ""C-I1LDAP"80/3"-bol az 0 O utasitéas-
sal érhetd el.

b) Az 0 M utasitassal a magnetofonos monitor [13] érhetd el. Itt
két Uzemmod létezik: vagy a TTY-rél vagy a C-I1LDAP"80/3"
szovegmezejéb6l kapja az utasitasokat (O H, ill. O A utasi-
tas).

c) A magnetofonos monitor hasznalata esetén a visszatérési cim
megfeleld beallitasaval lehetévé valt a rendelkezésre allo
memérianal nagyobb helyigényl programok un. "lancolt” fut-
tatasa.

2. Gyors programcsere

Az X és Y utasitasokkal megvalésithatdé, hogy a PDP-g/l
memoriajanak és az ND-50/50 analizator 0O, és 1. moduljanak tar-
talmat felcseréljuk. 1gy a PDP-s/1 memdriatartalmat mint spektru-
mot, a spektrumot mint programot tarolhatjuk el

3. Megszakitasok kiszolgalasa

A megszakitasok kezelése listaban torténik. A listadban a ki-
szolgalas sorrendje az alabbi:

a) TIY bevitel

b) TTY Kivitel illetve gyors szalaglyukaszt6é kivitel
c) Gyors szalagolvasé bevitel

d) D tipusu szamlaldk

A tobbi periféria kezelésénél a miveletek végrehajtasat Ki-
varjuk, igy megszakitasokra nem kerul sor.

FUGGELEK

3. Betoltési eljarasok
1. Papirszalagrol

a) A BIN loadert betoltjuk a 2. modulba, vagy a terminal kezeld
programot aktivizaljuk a 3. modulban.

b) Beolvassuk a FOKAL®"71 majd a C-1LDAP’80/3-0Y jelzés(l binaris
szalagokat.

Cc) SR:000200(8);LOAD ADRESS;START
amire a konzolon megjelenik:
»C-1LDAP*80/3 V:07 30-DEC-80 L. ZOLNAI
Ekkor a ""C-1LDAP"80/3" be van toltve és varja a fel-
hasznal6é utasitdsait.
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a)
b)

©)

A kapcsol6 regiszterr6l bevisszik a PDP-s8/1 1 moduljanak
megfeleld cimétél (17756(8)) a RIM LOADER-t [10].

A gyorsolvasot bekapcsoljuk, és behelyezzik az EXEC-RIM
loader szalagjat, majd SR:=117756( 8 ); LOAD ADDRESS ;START
A szalag kifutasa utan STOP

A "C-ILDAP"80/3"~0ot tartalmazé kazettat a bekapcsolt mag-
netofonba helyezzikk, majd SR:=117777(8); LOAD ADDRESS;START
A konzolon megjelenik a READY kiirads, amire a valasz:
L,C830 a konzolon ismét megjelenik READY amire a valasz:
L»C833 a konzolon ismét megjelenik READY amire a valasz:
L,C831 amire a konzolon megjelenik:

-C-1LDAP*80/3 V:07 30-DEC-80. L. ZOLNAI

Ekkor a "C- LDAP"80/3" be van toltve és varja a felhasz-
nalé utasitasait.

PDP-11/40-r01

a)
b)
©)
d)

Aktivizaljuk a PDP-g/l terminalszimuldld programjat a
[21]-ben leirt médon.

Bejelentkezink az RSX-11M rendszerbe a
>HEl 300/103/<RETURN> utasitassal

Lettink egy <CTRL/P> karaktert mire a TTY-n egy <@> karak-
ter jelenik meg, ami utan 37700-t gépellink: @37700

Ezutan a TTY-n megjelenik a prompt ami utan a teendd6k:
>RUN BDN<RETURN>

BDN>

CILDAP803.BN8<RETURN>

‘P

Ha a pxx)gram atvitele helyesen tortént, prompt jelenik
meg; ha nem akkor megall.

Most leutunk egy <CTRL/P> karaktert és a megjelené <@>
Utan

a 00200-at visszik be; ismét leutve a <CTRL/P>-t és
<RETURN>-et a "'C-I1LDAP*80/3” aktivizaldédik a kovetkezd
szbveggel. Tehat:

><CTRL/P>

@00200

><CTRL/P>

@<RETURN> *

-C-ILDAP® 80/3- V:07 30-DEC-80 L. ZOLNAI
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Egyesuletek Szovetsége) Hajdu-Bihar
megyei Szervezete, Evi tudomanyos
Ulésszak. Debrecen, 1980. majus 20.
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66 .

67.

68 .

69.
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KOVACH A.

KOVACH A.

KOVACK A.

BALOGH K.

KOVACH A._
SVINGOR E.
GRECULA P.

KOVACS P.

KOVACS P.

KOVACS Z.

Rb-Sr Alterbestimmungen der kristal-
linen Schiefern des Ostspornes der
Ostalpen in Ungarn.

Geologische Bundesanstalt, Wien,
April 22, 1980.

Szerz6déses kutatasok az ATOMKI-
ban.

V. Magyar Magfizikus Talalkozo.
Budapest, 1980. julius 7-11.

Tomegspektrometria és foldtani kor-
meghatarozas.

V. Magyar Magfizikus Talalkozé,
Budapest, 1980. julius 7-11.

A Szepes-Gomori Erchegység granitoid
k6zeteinek korviszonyai izotop-kor-
meghatarozasok alapjan.

A Magyarhoni Foldtani Tarsulat Al-
taldnos Foldtani Szakosztalyanak
el6adoulése, Budapest, 1980. apri-
lis 2.

Gépkocsi forgalom hatasa a ndvények
6lomtartalmara.

A DAB (Debreceni Akadémiai Bizott-
sdg) Mezbgazdasagi Kémiai Munka-
bizottsagi Ulése. Debrecen, 1980.
junius 11.

OCHOBbl PEHTIreHO(/1yOpPEeCLIEHTHOIO aHay -
3a, MeTogpl KBaHTUTATUBHOIO ornpeje-
NIEHNA1 KOHUEeHTpaumii .

NeHnHrpagcknii IHCTUTYT ApepHon gun-
3MKn uwMm. bB. Tl. KoHCcTaHTuUHOBa
(Wde), NeHvHrpag, 14 oHTAGps 1980 r

77 7

Szinkrociklotronnal eléallitott
radionuklidok Kkinyerése fémolvadékok
b6l és elvalasztasuk gaztermokroma-
tografias modszerrel.

Il. Magkémiai Szimpézium, Debrecen,
1980. november 3-5.



70.

71.

72.

74.

75.

KONYA L.
CSABINA S.
KOVACS T.
LAKATOS T.

KOLTO L.

KIS-VARGA M.

KOVER A.

KOVER A.
RICZ S.
PARIPAS B.

KOVER A.
RICZ S.
SZABO GY.
BERENYI D.
KOLTAY E.
VEGH J.

KOVER L.

Analysis of coffein effect iIn
muscle.

XXVII1th International Congress of
Physiology. Budapest, 1980. July
13-18.

Rontgenemisszidos analizis késbavar-
kori bronztargyakon.

"lpari régészet Magyarorszagon™ c.
munkaértekezlet. Sopron, 1980.
julius 28-30.

lon induced electrons from very
light collision systems.

Johann Wolfgang Goethe Universitat,
Institut fur Kernphysik, Frankfurt
am Main, May 29, 1980.

Efficiency calibration of a cylin-
drical mirror electron spectrometer

ESCA (Electron Spectroscopy for
Chemical Analysis) Seminar of
Socialist Countries, Debrecen,
April 15-18, 1980.

Energy distribution of electrons
ejected from H.,, He by H+, Hj, He
(0,8 MeV/Nucl.) .

XE; Summer School and Symposium on
Physics of lonized Gases (SP1G-80),
Dubrovnik, August 28, 1980.

A fotoelektron-spektroszkoépia
(ESCA) mbédszer néhany ipari alkal-
mazasa .

A GTE (Gépipari Tudomanyos Egyesu-
let) és az ELFT (EO6tvos Lorand Fi-
zikai Tarsulat) Debreceni_Csoportja
rendezésében , Tudomanyos Ulésszak,
Magyar Gordulécsapagy Muvek, Deb-
recen, 1980. majus 16.
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76. KOVER L. New X-ray source of ATOMKI ESA-11
VARGA D. spectrometer.
MORIK Gy.
ESCA (Electron Spectroscopy for
Chemical Analysis) Seminar of
Socialist Countries. Debrecen,
April 15-18, 1980.

77. KRUPPA A. Deformalt magok nivioszerkezetének
vizsgalata a szeparalt potencial
modszerével .

V. Magyar Magfizikus Talalkozo,
Budapest, 1980. julius 7-11.

78. LAKATOS T. Nagy terhelhetdségu félvezetd
rontgen spektrométer 150 eV
energiafeloldassal.

V. Magyar Magfizikus Talalkozo,
Budapest, 1980. julius 7-11.

79. LAKATOS T. CneHTpPoOMETp C MNONynpPoBOAHUKOBbLIM
[EeTEeKTOPOM A/11 U3MEPEeHUsi PEeHTreHOBO
KOO W3/ly4eHUs B WIMPOKOM JAMana3oHe
NMHTEHCUBHOCTW.

X. MexayHapogHblii CUMMNO3UYM MO Snep-
HOW 3NeKTpoHuKe, [pe3geH, 10-16
anpena 1980 r.

80. LAKATOS T. Nuclear spectroscopic measurements
SULIK B. and iInstrumentation.
MATHE, G. (GY.)
Fakulta Jaderna a Fizikalna In-
zenyrska Katedra Dozimetrie a Ap-
likace lonizujiciho Zareni, Praha,
May 26-30, 1980

81. LASzLO s. Bioldgiai, aerosol és fémmintak
PIXE analizise.

V. Magyar Magfizikus Talalkozo,
Budapest, 1980. julius 7-11.
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8™

86.

8r7.

88.

LOVAS R.

LOVAS R.

MATHE GY.

MEDVE F.
SZEILI J.
BACSO J.
KIS-VARGA M.

MEDVECZKY L.

MEDVECZKY L.

MEDVECZKY L.

A neutron és protoneloszlas kulodnb-
sége és a (p,n) toltéscseréld szo-
ras .

V. Magyar Magfizikus Talalkozo,
Budapest, 1980. julius 7-11.

Neutron-proton density difference
and (p,n) scattering.

Seminar. Nuclear Chat Club,
Daresbury, September 18, 1980.

Szerzédeses munkak a nuklearis
elektronika teriletén.

V. Magyar Magfizikus Talalkozo,
Budapest, 1980. julius 7-11.

A levegd oOlom szennyezettsége Deb-
recen kozlekedési csomépontjain az
1979-80. években.

A Magyar Higiénikusok Tarsasaga
I11. Nemzetkdzi Kongresszusa, Pécs,
1980. augusztus 26-29.

Nyomdetektorok alkalmazasa a dozi-
metriaban.

Geofizikus mérnokok bentlakasos
tovabbképz6 tanfolyama, Harkany,
1980. marcius 6.

Recent results on dosimetry and
autoradiography with track de-
tectors .

Jozef Stefan Institut.
Ljubljana, June 26, 1980.
Személyi neutrondozimetria fejlesz-

tésének helyzete.

V. Magyar Magfizikus Talalkozé.
Budapest, 1980. julius 7-11.
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91.

92.
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MESZAROS A.
LASZL6 S.
KISS I.
KOLTAY E.
SZAB6 GY.

MESZAROS S.
VAD K.
NOVAK D.

MURANY I NE - SZELECZKY A.

NAGY E.

TAMASIT P.
JEZERNICZKY J.
BACSO J.

NAGY 1.
URAY L.

NOVAK D.

NYAKO B.

Preliminary results of atmospheric
trace elements study by PIXE analy-
sis 1n Hungary.

XI1th Annual Meeting of European
Society of Nuclear Methods iIn Agri-
culture. Debrecen, August 25-30,
1980.

Development of a toroidal type
200 MHZ SQUID and i1ts application.

XX1InC* Czechoslovakian Symposium
on Weak Superconductivity, Bechyne,
September 15-18, 1980.

Gabonatermékek mikrotapelemtartalma

A DAB (Debreceni Akadémiai Bizott-
sag) Mezbégazdasagi Kémiai Munka-
bizottsagi ulése. Debrecen, 1980.
junius 11.

Alopecidk cink kezelése.

A Magyar Dermatoldgiai Tarsulat
Tiszantuli Szakcsoportjanak Tudoma-
nyos uUlése, Debrecen, 1980. &apri-
lis 25-26.

Effect of fast neutron irradiation
of different kinds of Brassica
oleracea.

X1th Annual Meeting of European
Society"of Nuclear Methods 1in
Agriculture. Debrecen, August
25-30, 1980.

Maradék ellenallas mérés.

V. Magyar Magfizikus Talalkozé.
Budapest, 1980. julius 7-11.

[N nivok vizsgalata Doppler méd-
szerrel.

V. Magyar Magfizikus Talalkozo,
Budapest, 1980. julius 7-11.



96. PAAL A. Microcomputer controlled multi-
SEPSY K. channel analyser in CAMAC.
SZALAI S.
Vith International Symposium MIMI-80.
Mini- and microcomputers and their
applications, Budapest, September

9-11, 1980.
97. PAL K. A **Ca és a ““Ti alfa-csomfészerke-
zete.

V. Magyar Magfizikus Talalkozé,
Budapest, 1980. julius 7-11.

98. PALINKAS J. Rontgen sugarzas anizotropiajanak
vizsgalata p és He bombazassal ki-
valtott belsé héj ionizacional.

V. Magyar Magfizikus Talalkozé,
Budapest, 1980. julius 7-11.

99. PALINKAS J. L3-subshell vacancy alignment in
SARKADI L. gold following low velocity proton
SCHLENK B. and He* i1on Impact ionization.

(Poster.)

International Conference on X-Ray
Processes and Inner-Shell loni-
zation. Stirling, August 25-29,
1980.

100. RICZ S. H+, HJ és He+ bombazdé részecskék
altal keltett folytonos elektron-
spektrum vizsgalata.

V. Magyar Magfizikus Talalkozé.
Budapest, 1980. julius 7-11.

101. SARKADI L. L-shell 1onization of gold by
BERENY1 D. heavy-ion iImpact. (Poster.)
MUKOYAMA, T.

International Conference on X-ray
Processes and Inner-Shell lonization.
Stirling, August 25-29, 1980.
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102.

103.

104.

105.

106.

107.

108.
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SARKADI L.

MUKOYAMA, T,
SCHLENK B.

SOMOGY1, G.
SOMOGYI, G.
SOMOGY1, G.
SOMOGYl, G.
SOMOGYI, G.

@Y.

@GY.)

©Y.)

GY.)

G- )

L-héjJ 1tonizacios vizsgalatok.

V. Magyar Magfizikus Talalkozé..
Budapest, 1980. julius 7-11.

Atomfizikail vizsgalatok magfizikai
modszerekkel .

V. Magyar Magfizikus Talalkozo.
Budapest, 1980. julius 7-11.

Application of nuclear methods to
interdisciplinary problems.

National Autonomous University
of Mexico, Institute of Physics.
Mexico, Januar 28, 1980.

Application of nuclear methods to
interdisciplinary problems.

Instituto Nacional de Investigaciones
Nucleares (ININ), Mexico-City,
Januar 29, 1980.

Applications of nuclear track
detection to radiation dosimetry.

Instituto Nacional de Investigaciones
Nucleares (ININ), Mexico-City,
Januar 24, 1980.

Development and application of
nuclear track techniques iIn Deb-
recen.

Institut "Rudjer Béskovié™, Zagreb,
April 3, 1980.

Developments in track revealing
techniques.

Instituto Nacional de Investigaciones
Nucleares (ININ). Mexico-City,
Januar 23, 1980.



109. SOMOGYIlj G. (GY.) Elements micro-mapping in solids.

Laboratoire de Physique Corpus-
culaire CNRS (Centre National de la
Recherche Scientifique). Clermont-
Ferrand, March 24, 1980.

110. SOMOGYIl, G. (GY.) Environmental alpha activity.

Laboratoire de Physique Corpus-
culaire CNRS (Centre National de la
Recherche Scientifique). Clermont-
Ferrand, March 25, 1980.

111. SOMOGYI, G. (GY.) Exercise of track etching.

Institut ""Rudjer Boéskovié™, Zagreb,
March 31, 1980.

112. SOMOGYIl GY. Interdiszciplinaris kutatasok az
ATOMKI-ban.

V. Magyar Magfizikus Talalkozo,
Budapest, 1980. julius 7-11.

113. SOMOGYIl, G. (GY.) Measurements of radon emanation
under different environmental
conditions.

Instituto Nacidénal de Investigaciones
Nucleares (ININ), Mexico-City,
Januar 22, 1980.

114. SOMOGYly G. (GY.) Nuclear track formation in solid
dielectrics.

Institut "Ruadjer B6skovic'. Zagreb,
March 25, 1980.

115. SOMOGYIl GY. Nuklearis nyomdetektorok fejlesz-
tése és alkalmazasa kozmikus Tfizikai
kutatasokra.

Szeminarium. KFKI (Magyar Tudomanyos
Akadémia Kozponti Fizikai Kutato
Intézete), RMKI-NFF (Részecske- és
Magfizikai Kutaté Intézet, Nagyener-
giaju Fizikai F6osztaly). Budapest,
1980. februar 27.
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116.

117.

118.

119.

120.

121.

12 2.
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SOMOGY 1

SOMOGY 1 j

SOMOGYIs

SOMOGY It

SOMOGY It

SOMOGY1j

SOMOGY1j

GY.

G. (GY.)
G. (Y.)
G. (Y.)
G. (GY.)
G. (©Y.)
G. (©Y.)

Nyomdetektorok alkalmazasi lehet6-

ségei a foldtani kutatasban.

Geofizikus mérntkok tovabbképzd
tanfolyama, Bolgar Hadsereg Miazeuma.
Harkany, 1980. marcius 6.

Status and future of track detector
developments.

Joint Institute for Nuclear
Laboratory of Nuclear
Dubna, November 27, 1980.

Seminar,
Research,
Reactions.

Techniques and principles of micro-
mapping different elements.

Institute Nacidénal de Investigaciones
Nucleares (ININ), Mexico-City.
Januar 25, 1980.

Track formation in solids.

Instituto Nacidénal de Investigaciones
Nucleares (ININ), Mexico-City,

Januar 30, 1980.

Track methods iIn interdisciplinary
fields (geological, biological,
environmental applications).

Institut "Rudjer Boskovid', Zagreb,
March 28, 1980.

Track methods iIn nuclear studies

(dosimetry, spectrometry, identi-
fication) .

Institut "Rudjer Boskovic', Zagreb,
March 27, 1980.

Track revealing and evaluation
techniques.

Institut "Rudjer Boskovic",
March 26, 1980.

Zagreb,



123.

124.

125.

126.

127.

12 8.

SOMOGY I GY.
GERZSON 1.
NEMETH GY.

SZABO L.
SZALA1 S.
TAKACS P.
PAAL A.

SZALAY S.

SZALAY S.

SZALAY S.

TARKANYI F.

Kornyezeti radon-mérések.

V. Magyar Magfizikus Talalkozo.
Budapest, 1980. julius 7-11.

ABTOMaATU3NPOBAHHasi CUCTEMA B CTaH-
fapte KawvaH gna c6opa CcrnekTpomeTpu-
YecKoli MHhopMaLMN .

X. MexayHapoaHbli CUMMO3nyM Mo saep-
HOWM 2NeKTpoHuke, [pe3geH, 10-16
anpensa 1960 r.

Frédéric Joliot Curie jelentlsége
a tudomany fejlbédésében.

Orszagos Béketanacs és az Orszagos
Frédéric Joliot Curie Sugarbiolé6-
giai és Sugaregészségugyi Kutato-
intézet emlékilése, Budapest, 1980.
marcius 18.

Mn and Cu deficiency of plants
grown on peat soils and 1ts remedy
by a foliage spray.

Vith International Peat Congress,
Duluth, Minnesota, August 17-23,
1980.

Retention of Mn and Cu by peat humic
acids and micronutrient deficiency
of plants on peat soils.

XIET Annual Meeting of European
Society of Nuclear Methods iIn Agri-
culture. Debrecen, August 25-30,
1980.

Rovid felezési idejli ritka fold i1zo-
topok magspekroszképiaja.

V. Magyar Magfizikus Talalkozo,
Budapest, 1980. julius 7-11.
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129,

130.

131.

132.

133,

134.
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TOROK 1.

URAY 1.

URAT J.

TOROK 1.

VALEK A.

VARGA D.

VARGA D.

VARGA D.
VEGH J.

Absolute activity measurement by
using sum peaks. (Poster,)

IIn International Conference on
Low Level Counting. High Tatras,
Czechoslovakia, November 24-28,
1980.

Absollute activity determination
from high-resolution single gamma-
ray spectra, by using the sum peaks

International Workshop on Environ-
mental Monitoring around Nuclear
Installations. Dobogoké, September
9-11, 1980.

Az ATOMKI ciklotronprogramja.

V. Magyarl Magfizikus Talalkozo,
Budapest, 1980. julius 7-11.

Az ATOMKI uj elektron spektrométere

V. Magyar Magfizikus Talalkozo,
Budapest, 1980. julius 7-11.

Az ESCA (XPS) médszer és alkalmaza-
si lehetBségei a feliuleti analitika
ban.

"Spektroszképiai médszerek felluleti
rétegek kémiai Osszetételének vizs-
galatara” c. ankét a Gépipari Tudo-
manyos Egyesltlet, a Magyar Kémiku-
sok Egyesulete és a Magyar Banya-
szati és Kohaszati Egyesulet kozos
Szinképelemz6 Szakbizottsaga, vala-
mint a Magyar Tudomanyos Akadémia
Spektrokémiai Munkabizottsaga ren-
dezésében. Budapest, 1980. aprilis
14.

HoBbih 3M1eKTpOCTaTUYECKUIA aHanm3aTop
NS U3MEePEeHUs 3HepPreTUYecKoro wu
yr/710BOro pacnpegeneHns 3NeKTPOHOB .

ESCA (Electron Spectroscopy for
Chemical Analysis) Seminar of So-
cialist Countries. Debrecen, April.
15-18 1980.



135.

136.

137.

138.

139.

VARRO T.
SOMOGY I
MADI 1.

VARRO T.

SOMOGY1j G. (GY.)
NAJZER M.

MADI 1.

VATAl E.

VEGH J.

KOVER A.

CSERNY
KADAR

VEGH L.

Transzportfolyamatok vizsgalata
névényekben sugarabszorpcios és
kvantitativ mikroradiografias moéd-
szerekkel .

I11. Magkémiai Szimpdézium, KLTE
(Kossuth Lajos Tudomanyegyetem).
Debrecen, 1980. november 3-5.

Study of boron transport in plants
with a gquantitative micraradiographic
method.

X1th Annual Meeting of European
Society of Nuclear Methods iIn Agri-
culture. Debrecen, August 25-30,
1980.

Inner-shell rearrangement (exchange
correction) iIn internal conversion.

International Conference on X-ray
Processes and Inner-Shell loni-
zation. Stirling, August 25-29,
1980.

Data acquisition and evaluation
software at ATOMKI electron
spectrometer.

ESCA (Electron Spectroscopy for
Chemical Analysis) Seminar of So-
cialist Countries. Debrecen, April
15-18, 1980.

Beszamolé a Dubndban végzett mun-
karol .

V. Magyar Magfizikus Talalkozé.
Budapest, 1980. julius 7-11.
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140.

141.

142.

143.

144.

145.
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BERENTI

BERENT1

BERENT I

BERENT I

BERENT I

BERENTI

ISMERETTERJESZTO ES EGYEB ELOADASOK

Az atomenergia i1gérete és veszeé-
lyel.

ELFT (EO6tvos Lorand Fizikai Tarsu-
lat) Szabolcs-Szatmar Megyei Cso-

portja, Nyiregyhaza, 1980. februar
13.

Energiaforrasok és kornyezetvéde-
lem.

TIT (Tudomanyos Ismeretterjesztd
Tarsulat). Hajduszoboszl16, 1980.
majus 16.

Energiatermelés és kornyezeti hata-
sal.

Soproni M(iszaki Hetek, az ELFT
(E6tvbs Lorand Fizikai Tarsulat)
helyi csoportja rendezésében. Sop-
ron, 1980. oktober 24.

Hogyan tapogathaté le az atomnal
kisebb részecskék vilaga.

Bessenyeil GyOrgy Szabadegyetem,
Nyiregyhdza, 1980. november 24.

A human és természettudomanyos
kultira egysége. Vitabevezetd el6-
adas ,

DAB (Debreceni Akadémiai Bizottsag)
Matematika-Fizika Szakbizottsaga
és Mlvelbédéstudomanyi Szakbizott-
sadga, Debrecen, 1980. december 5.

Megnyito.

V. Magyar Magfizikus Talalkozé.
Budapest, 1980. julius 7.



146. BERENYI D. Tudomany - gyakorlat - mivel&dés.

Megyei Szakszervezeti Oktatasi
Kozpont. Hajduszoboszl6, 1980.
oktober 16.

147. BERENYI D. A tudomany lehetséges hozzajarula-
sa a csapagygyartas fejlesztésehez.

MGM (Magyar Gordulécsapagy Mivek)
Hét keretében Miszaki Tudomanyos
Konferencia, Debrecen, 1980. apri-
lis 11.

148. HORKAY GY. Az Si mértékegységrendszer.

TIT (Tudomanyos Ismeretterjesztd
Tarsulat) rendezésében: Debreceni
Allami EpitSipari Vallalat, Medicor
Mivek Orvosi Muszergyara, Biogal
Gyogyszergyar, Agrartudémanyi
Egyetem Tangazdasaga, Debrecen Va-
rosi Tanacs Beruhazasi Vallalata,
Agrober (Mez6gazdasagi Tervez6- és
Beruhazasi Vallalat). Debrecen,
1980. februar 7, s, 14, 15, 22, 25.

149. KOLTAY E. A nagyenergiaju fizika gyorsito
berendezései .

Az EOtvOs Lorand Fizikai Tarsulat
6szi Magfizikai Iskolaja, Balaton-
foldvar, 1980. oktéber 30.

150. KOLTAY E. Ujdonsagok a nagyenergiaju gyorsi-
tok vitajaban.

Kossuth Lajos Tudomanyegyetem Ter-
mészettudomanyi Karanak Fizikus
Szakhete. Debrecen, 1980. &aprilis
22 .

151. LAKATOS T. Erésités jelformadlas a félvezetd
spektrométerekben.

Tanfolyam a Paksi Atomerdémi Vallalat
szakemberei szamara, ATOMKI (Magyar
Tudomanyos Akadémia Atommagkutato
Intézete). Debrecen, 1980. novem-
ber 3-14.

245



152.

153.

154.

155.

156.

157.
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ISMERETTERJESZTO

LAKATOS T.

SOHLENK B.

BACSO J.

BALOGH K.

BERENY I D.

BERENY1 D.
)

Uj iranyzatok a magfizikai spektro-
méterek fejlesztésében.

pre 77

Tanfolyam a Paksi Atomerémd Vallalat

szakemberei szamara, ATOMKI (Magyar

Tudomanyos Akadémia Atommagkutato
éntézete)- Debrecen, 1980. november
-14.

Megnyito.

A DAB (Debreceni Akadémiai Bizott-
sag) Mezbgazdasagi Kémiai Munka-
bizottsagi ulése. Debrecen, 1980.
Junius 11.

ES EGYEB KOZLEMENYEK

Ha kevés a kalcium. Vészjelzb a
hajban. Infarktus kialakulasa el6tt.

Magyarorszag, 17 (1980) 23 januar
13. 2. szam.

"Fizika-77. Szerk. Abonyi Ivan.
Budapest, 1977, Gondolat Kiad6."
Konyvismertetés.

Fizikar Szemle, 29 (1979) 436-437.

Egyuttmikoédés a Kossuth Lajos
Tudomanyegyetem és az Atommagkutatd
Intézete kozoOtt.

Magyar” Tudomany, 25 (1980) 679-680.

Megnyito.
"Gyorsitdok Népgazdasagi Alkalmaza-
sa"" - Mlszaki-Tudomanyos Tanacskozas

ATOMKI1 Kozlemények, 22 (1980) 4-6.
1. sz. Melléklet.



158 .

159.

160.

161.

162.

163.

164.

165.

BERENY1 D.
BERENY1 D.
BERENYI D.
BERENYI D.
BERENYI D.
BERENY1 D.
BACSO J.
HIDEG J.
DUX L.
HUNYADI 1.
HUNYADI 1.

A nuklearis kornyezetvédelem prob-
Iémai hazankban.

Fizikai Szemle, 30 (1980) 34-36

A nuklearis kornyezetvédelem prob-
Iémai  hazankban.

Magyar Tudomany, 25 (1980) 189-191.

Nuklearis modszerek a mez6gazdasag-
ban. - A megszeliditett sugarzas.

Magyar Hirlap, 13 (1980) 11. Szep-
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NUHELYUNKBOL/ LABORATOR IUNUNKBOL

EXANINATION OF THE CHARACTERISTICS OF A NONDISPERSIVE
MAGNETIC TRANSPORT SYSTEN BY THE NUMERICAL CALCULATION
OF TRAJECTORIES

Z. KORMANY

MTA Atommagkutatd Intézete, Debrecen, Pf. 51.

Electron trajectories were calculated in a four-magnet-
transport-system by numerical integration, approximating the
magnetic Ffield of the system in the second order. It has been
shown that the optical properties of the system can be im-
proved by decreasing the induction in the two inside magnets.
The conclusions were experimentally checked.

DISZPERZIOMENTES MAGNESES TRANSZPORTRENDSZER TULAJDONSAGAI-
NAK VIZSGALATA NUMERIKUS TRAJ EKTOR IA-Szam ITASSAL . A négy mag-
nesb6l allé elektron transzportrendszer magneses terét masod-
rendben koézelitve, numerikus integralassal szamoltuk a trajek-
tériakat. Kimutattuk, hogy a kdzéps6 méagnesek gerjesztésének
csokkentésével a rendszer optikai tulajdonséagai jJavithatok.
Kovetkeztetéseinket mérésekkel ellendriztik.

WCCNEAOBAHWE CBOWCTB BE3JWCMNEPCHOW MATHWTHOW CWUCTEMb TPAHC-
NMOPTUPOBKW YWUCNEHHbHM PACYETOM TPAEKTOPWUM. PaccumTaHb TpaekTopuu
3/IEKTPOHOB B CuUCctemMe TpPaHCNOPTUPOBKWK yeTbipex MarHmtToB C NOMOUWbI
HACNEeHHOIro wuHrTerpumpoBaHmMsA n an6r||/|)KeH|/|e|v| MaQriHMTHOro nond BO
BTOpPpOM nopsAagke. Bbino NnNoOKa3aHo, YyTOo ONTUUYEeCKMe CcBOWCTBaA CUCTEMS
MOXHO YNYUYUWUTb YMEHbWEeHWEeM WHAYKUUN BHYTPEHHUX MarHutoB. BboBO-
Abl 6bl1n npoBepeHbl 3KCNepmMMeHTa/IbHO .

1. Introduction

The electron transport system under study has been developed
for the Cockcroft-Walton generator of this iInstitute. The
function of the system is to send the electrons scattered in-
elastically on the target to the detector, while the elastical-
ly scattered electrons are absorbed. Fig. 1. shows the schema-
tic drawing of the system [1].

The system consists of four 1dentical rectangular magnets which
are fed by the same current so that the two outside magnets are
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magnetized In the opposite direction with respect to the two
inside ones. In this way, the system performs the following
functions :

- nondispersive transport of electrons from the entrance
slit to the detector

- dispersive disintegration of the beam iInside the system

- to select the particles out of the beam with a given
energy by using collimators placed iIn the symmetry plane
(i.e. iIn the place of the largest dispersion)

max. induction: 300 Gauss

Fig- 1. The sketch of the transport system

The mechanical design of the system was based on calculations
applying first-order approximation. It was supposed that the
magnetic field was ideal, i.e. i1t was homogeneous inside the
magnet and zero outside. To set the system correctly, i1t seem-
ed to be necessary to perform calculations describing the real
trajectories more exactly.

The SCOFF-model (sharp cutoff fringing field [2], [3]), is
a Tirst-order approximation too, but i1t gives more correct
results than the previous one. According to this model, the
homogeneous field iIs extended beyond the magnet to the so-
called effective edge, and the central trajectory suffers
exactly such an angular deflection as in the real megnetic
field (see fig. 2.). OF course, the modelled path does not co-
incide with the real path point by point. There is a parallel
shift of the calculated trajectory with respect to the real
one and since this shift i1s small compared with the radius of
curvature of the path ($<<1), it can be neglected in a first-
order calculation. In more precise studies it iIs usual to de-
termine this displacement subsequently and to correct the cal-
culated paths [3], [4]-
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Fig. 2 Comparison of different models

Because of the closeness of the magnets iIn our case it was
impossible to separate the magnetic field of the system by
effective edges to homogeneous and field free sections, thus
this method is not applicable to estimate the realistic para-
meters of this transport system. The numerical integration
proved to be the only possible way to determine the trajecto-
ries exactly.

2. Second-order description of the magnetic field

The following theoretical considerations concern the model-
ling of the field of a general magnet.
The Tfirst task Is to describe analitically the magnetic field
with the required accuracy. The following relation iIs suitable
for that In the median plane of the gap of a magnet [3]:

H(s)-= 8 3’----/ny ; w(s)= ct+c,Stc0s™+c,s (1)
LJO yl+eI'IVO7 w 1 L
BZ o the magnetic induction in the median plane (z=0)
B0 the magnetic induction well inside the air gap
S the position coordinate normalized to the width of the

gap (G), the zero point being located at the effective
edge and the axis 1is perpendicular to the edge (see
fig. 3.)

C I parameters

In the median plane of the air gap the magnetic field has only
a z component, which can be directly measured. Fitting the
function (1) to the measured values, we can obtain the suita-
ble co...c3 parameters.

To describe the magnetic field off the median plane we express
its components in the form of a Taylor series iIn z. In conse-
quence of symmetry the series of Bz contains only terms with
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Fig. 3. The coordinate system

even powers and the series of Bx and By contain only odd ones.
Neglecting the terms higher than second order, the field com-
ponents can be calculated in the following way:

B,
2) z

Z=0 z Z=0

2

@)

B =
Y

Using the relation between the variables s=(xcosaty sina)/G
and the equations [¢=0, curl B=0 we get the field components
in the neighbourhood of the median-plane in second-order ap-
proximation [3].

_ = o z2 32H
B,=B, , By (H-oomorees
2G 3s2
B G oosa 3 ®
Z <3 H
By G sina 3s

Because of the uniform geometry of the four magnets iIn our
system, i1t was supposed that the H(s) function was the same for
every magnet. Measuring the magnetic field in the median plane
of a magnet by Hall-probe and fitting the function H(s) to the
measured values by the method of the weighted least squares, we
have got the following values of the parameters: c0=0.4966,

CJ =2.2951, c2=-0.8784 and c¢3=0.1480.

Using the equations (1) and (3) the fTield components of a
magnet could be calculated everywhere in the system. The
resulting magnetic field was obtained by the superposition of
the individual fields of the four magnets. In our system the

254



z= -0.2 cm

z= 0.0 cm

z= 0,2 cm

Fig.- 4. The resulting magnetic field
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X axis i1s perpendicular to the edges of the magnets, i1.e. it
coincides with the s axis, so By=0 (supposing that the used
regions of the magnets are far enough from the corners). The
calculated components of the magnetic field are shown 1iIn
fig. 4.

3. The numerical solution of the equation of motion

The motion of a charged particle iIn a stationary magnetic
field is. described by the well-known Lorentz-equation:

i mX = q(yBz - zBy)
mr=qg r x B my = q(zBx - xBz) @
mz = q(XxBy - yBx)

Performing the following transformation of the variables:

XJ=*, X2-X, X3=y, Xu=y, Xs5=z, X6=z, the primary second-order
vector differential equation is transformed into the system of
first-order differential equations of six variables. Since in
our system By 1is identically zero, the equations have the
following forms:

x1 = 3 x3B
- m z
X2 = Xi
=4
X3 A (x 5B ®)
XK = X3
= -4
X5 A XSBX
X6 = X5

This system of equations can be solved without difficulties

by numerical integration. To calculate and to draw the tra-
jectories a computer program was written. The routine HPCG of
the IBM Fortran Library-applying the Runge-Kutta method - was
used to perform the numerical integration. The routine set the
step-size iIn accordance with the prescribed accuracy. Consid-
ering a reasonable run-time and the errors of the field meas-
urement, 1 per cent accuracy was required.

4. Results and conclusions

The results of the calculation differ from the results
obtained by applying the first-order model In two respects:

1) In the bending plane the electrons leave the system shifted
downwards with respect to the entrance direction and the
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magnitude of this shift depends on energy (see fig. 5.).

Fig. 5 Calculated trajectories
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2) In the non-bending plane the fringing fields of the magnets
have a good focusing effect, so fairly large angular diver-
gence) is allowed at the entrance iIn this plane (see Fig.
5-7.).

These conclusions have been justified in practice by photo-

graphing the beam profile iIn different points of the system.

The photographs were taken by placing the film on the entrance

and exit surface of the magnets. These photographs are shown

in fig. 6 . The measurements were carried out by electrons

Fig. 6. The shape and position of the beam in different places of
the system.

accelerated by the Cockcroft-Walton generator to an energy
of 600 keV and scattered on a thin carbon target at an angle
of 15°. The lower circular spots were produced by the electrons
passing through the system at zero i1nduction, 1i.e. they mark
the X axis. The upper spots were taken at an induction of

300 Gauss.

Energy

Inductiion 200 keV 400 keV 600 keV

uniform (@Bg=

300 Gauss) 1In m . «

every magnet

reduced by 1.3

per cent in the u B B

inside magnets

b.--J

Fig. 6. The elimination of the shift. 1 cm

The shift of the beam from the x axis at the detector 1iIs an
unfavourable effect. Its reason is the superposition of
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fringing fields of the two iInside magnets (the magnetic iInduc-
tion hardly falls down to the 50 per eent of i1ts maximum value
between these magnets). So some calculations were made to
examine whether the optical characteristics of the system can
be improved. According to the calculations, this disadvanta-
geous effect could be eliminated in a broad energy range by a
proportional decrease of the iInduction of the inside magnets
with respect to the induction of the outside magnets. The
photographs in fig. 7. show, that there is no shift for
electrons with energies 200, 400 and 600 keV if the induction
of the iInside magnets is reduced by 1.3 per cent.
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"SELF-REFRESH ING" TIPUSU DISPLAY VEZERLO
EGYSEGEK NODULARIS wP-0S RENDSZEREKHEZ

MOLNAR JOZSEF
MTA Atommagkutatd Intézete, Debrecen, Pf. 51.

A cikk 1ismertetést ad intézetiunkben Tfejlesztett, mikropro-
cesszoros célberendezésekhez illesztheté video display vezérléd
modulokrol. Osszefoglalasat adja a televizids rendszertechnika
idevonatkozd jellemzdinek, majd a digitalis képmegje lenités ha-
rom eljarasat mutatja be. Végezetil grafikus, alfanumerikus és
fiuggvény megjelenité display vezérld6k egy-egy lehetséges aram-
kdri megoldaséanak ismertetésére kerul sor.

DISPLAY CONTROL UNITS FOR MODULAR MICROPROCESSOR SYSTEMS.
This article describes the video display control wunits for some
microprocessor equipments developed in this institute. The most
important characteristics of the television technique are sum-
marized, and three methods of digital picture visualization are
shown. Finally, some possible solutions of the circuitries of
graphic, alphanumeric and graph display controllers are pres-
ented.

B/IOKN YMPABJIEHUA AWCNNEEM ANA MOAYNbHbIX CUCTEM HA MWKPO-
MPOLUECCOPAX. B cTaTbe oOnuchiBalTCA Mo4yNM Yynpas/eHua Buaeoauc-
nneem, paspaboTaHHble B HaWeM WHCTUTYTe 19 NpUOOpPOH Ha MUKPO-
npoueccopax. [aeTcsa 0630p O camblX BaXHbIX XapaKTepucTukax Tesne-
BU3MOHHOW TEXHUKM, a MNOTOM MpeacTaBnAnTCA Tpu npouenypbl umhpo-
BOro M300peTeHus B 3akK/lloyeHne MNpuBOAATCH BO3MOXHbIE CXembl /1
OCyllecTBNeHNa 6/l0Ka ynpasBfieHUsa rpapuyecknM, asib@aBUTHO-LUPPOBLIM
N AvarpamMoBbLIM  AUCTIIEAMM .
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1. Bevezetés

A szamitastechnikai eszkodzok és a veluk dolgozé ember infor-
maciokapcsolatanak egyik leglényegesebb médja a vizualis megje-
ienités. Szamos tertleten, de kiulondésen ott ahol gyors, atte-
kinthet6 iInformacidéra van szikség, vizualis megjeleniték un.
display-ek keriulnek alkalmazasra. Ezek az eszkozok egyfajta ab-
lakot nyitnak a lathatatlanra azaltal, hogy lehetévé teszik a
kodolt Uzenetek tovabbitadsanak az emberi gondolkodashoz, érzeé-
keléshez legkozelebb allé formjat. Ha biztositott az, hogy az
ember és a gép kozotti informacidcsatorna mindkét iranyban ma-
gas mlszaki szinvonalu, a display tovabbi segédeszkozokkel
egyutt - fényceruza, pozicionadld gomb, érintéses képernyd -

a tervezés, a modellezés hajlékonyan alkalmazhatdé eszkozévé val-
hat.

Intézetinkben a mikroprocesszor-vezérelt célberendezések egy
részénél szintén felmeriul annak az igénye, hogy a mikroszamito-
gép oldalarol informaciot kell megjeleniteni display-en. Gondo-
lunk i1tt alfanumerikus Uzenetek kozlésére, spektrummegjeleni-
tésre,vagy éppen digitalisan rogzitett kép abrdzolasara. A ter-
vez6 feladatat akkor végezhetné el a legkonnyebben, ha valaszt-
hatna a megjelenités igényéhez legjobban illeszked6, készen
kaphatd berendezések kozil.

A valoésagos helyzet nem ilyen egyszeri!

lgaz, hogy beszerezhet6k a kulonb6zé display-ek, de jelenleg
egy ilyen o6sszeallitasu célberendezés koltségeinek nagyobbik
hanyadat ezen berendezések ara képezné. Onkéntelenul adédik egy
masik lehetdség: a kereskedelemben kaphaté TV késziulék mint
videomonitor olcsén rendelkezésre all. A mikroprocesszorhoz il-
lesztés elkészitésére két lehetéség kinalkozik:

- Egy-egy processzorcsalad elemkészletében mindig talalhatunk
nagybonyolultsagu display vezérldé aramkoéroket.

- Egyszerli elvi felépitési digitalis illeszté egységet ké-
szithetink elemi aramkorokkel .

A TV készulék kiegészitve az illesztdé egységgel a mikropro-
cesszor buszara csatlakoztathaté, s igy a készen kaphatd dis-
play-ekkel funkcionalisan egyenrangu megoldast szolgaltathat.
Modularis felépitésl mikroprocesszoros rendszerben a kulonféle
display vezérlé modulok elénye, hogy a mindenkori feladathoz
Jol illeszkedd konfiguracié alakithatd Kki.

A kovetkez6 részekben rovid attekintés formajaban szeretnénk
ismertetni a kulonb6z6é display illeszté modulok célszerlt elvi
felépitését, s egy-egy konkrét, realizalt megoldast adni alfa-
numerikus-, Tfuggvény-, grafikus display vezérl§ egységre. Ezt
megel6z6en azonban a szabvanyos televizidos atviteltechnika ko-
telez6é er6vel hatd rendszerét mutatjuk be roviden.
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2. Televizi6s rendszertechnika

Latszélag indokolatlannak tinik egy ma mar tradicionalis
rendszer technikai kérdéseivel foglalkozni, de mégsem lehet
megkerulni. Abbdél a gyakorlati tényb6l kiindulva, hogy a gyartok
tobbségének videomegjelenitésre eldallitott késziulékei, - a
videomonitorok - tulajdonképpen a TV késziulékgyartas mellett
mint "melléktermékek"™ keletkeztek és keletkeznek, atorokitették
az ide vonatkoz6 szabvanyokat.

Ha visszatekintink a televizidézas alig 45 éves multjara, ak-
kor egyértelmien megallapithaté, hogy bar minden fejlesztés,
Ujdonsdg bevezetése a maga idejében teljesen korszerld volt, mé-
gis ma mar masképpen dolgoznank ki a teljes rendszertechnikat.
Sajnos a TV felépitését illetbéen hozott dontések olyan erével
hatnak ki a mara, hogy nem lehet szé drasztikus rendszer-kor-
szerlsitésr6l, s ez bizony gatjava valik a haladasnak. A tovab-
biakban - részletes magyarazat nélkul - Tfelsoroljuk azokat a
rendszertechnikai jellemz6ket amelyeket a display vezérld egy-
ségek (eurodpai rendszer) tervezésénel figyelembe kell venni.

A televizioO-kép megjelenitése céljara ezidbszerint rendel-
kezésre allo képcsovek kozos jellemzb6je, hogy a villamos-opti-
kai atalakitast vakuumcsében felgyorsitott elektronok végzik,
melyek a képerny6 belsé felUletére felvitt foszforrétegbe Ut-
kozve megjelenitik a képet. A kép elegendbéen Kicsi képelemekbdl,
sorokbol all 6ssze, amit id6ben egymas utan tovabbitanak video-
jelként a képcs6 szamara.

A sorok letapogatdsanak technikaja 'valtott soros', ami azt
jelenti, hogy egy teljes kép abrazolasa két félképben torténik.
ElI6szOor a paratlan, majd a paros sorok videojele kerul megje-
lenitésre. Ahhoz, hogy a kép "Osszealljon™ a sorok kezdetét a
sor-, a Télképek kezdetét a félképszinkronjelek i1d6zitik. Az
elektronsugar kioltdsat - minden sor és minden teljes félkép
megjelenitését kovetd 'visszafutas' ideje alatt - a kioltdje-
lek végzik. Az 1. abran kovethetjuk vegig az abrazolt két fel-
kép i1lleszkedését. A videojelek és a szinkronjelek szétvalasz-
tasa amplitudé-, mig a sor- és fTélképszinkronizald jelek megku-
16nboztetése i1dbédiszkriminicidval torténik.

@l 62.62162465.11L 121314 15 1617 1R I3 1101V IBIT 1 1191

nirwnmive NN\ L L \XI\\\

TANZL I 2 KIB 3L AL IR @Mij;ﬂ 53027 330331

uilmii.in iy v 1R -
,iEH_—,strr 29H-F 25M

1. abra. Televizits félképek illeszkedése.
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A legfontosabb rendszertechnikai jellemzb6ket a koévetkezd pon-
tokban foglaljuk Ossze:
Az &abrazolt sorok szama: 625

- Soridé: 64 ys (15 625 Hz); megjelenitésre felhasznalhatd
"él6" 1d6: max. 52 ys

- Félképid6: 20 ms (B0 Hz); 312.5 sor X 64 ys = 20 ms

- Az Osszetett videojel dinamikatartomanya:

[Aye— FEHER SZINT (Y=1
viIAgossagjel
' TARTOMANY
TELJES 70V.
DINAMIKA -
1007, g FEKETE SZINT (Y-0)

SZINKRONJEL
TARTOMANY  30°'/*

t

2. dra. Az Osszetett videojel dinamikatartomanya.

- Jellegzetes TV sor hullamforma a vizszinten szinkronozé és
kioltojelekkel:

3. &ra. Horizontalis idézités.

- Jellegzetes TV hullamforma a félképvalto, félképkioltd és
kiegyenlitd jelekkel:

N
2-RikED vege V Rkép kezdete

H,
Séldkiegy Elképszink Sutdkiegy

A OWVILLLLUT \A

a2 6n[62*]625 11213 <

Hfkép kioltzsl e 25H
Uélkép vege 2. leikép kezdete

7V Yyyyv j IG oryvvTior~n T
P 303l 321313 3H 35 36]317]33>9) ze|as7

4. dwa. Vertikalis idbézités.
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A kiegyenlitd jelek biztositjak az egymast kovetd fFelképek
illeszkedesét, valamint védelmet jelentenek a félképvaltaskor
bekdovetkez§ tranziens folyamatok idejére.

- A TV vevlBkészulék alapsavi (video) savszélessége: 6.5 MHz

- A nagyfrekvencias modulécid tipusa: negativ amplitiddé mo-
duldci6, azaz a modulalt jel maximalis amplitiudéja a modu-
1416 jel minimum értékénél fordul eld.

3. Modszerek display képek eldéallitasara

A videomonitorok szamara az el6z6 fejezetben attekintett
eldéirasokat kielégitd oOsszetett videojelet kell eldallitani.
Visszatekintve a 2. abrara megallapithaté, hogy a videojel tel-
jes dinamikatartomanya jol elkulonulé "lathaté™ és '"lathatatlan™
részre bonthaté. Csak a tervezd szamara lényeges "lathatatlan™
tartomanyban talalhaté szinkron- és kioltdojelek 1d6- és ampli-
tuddéviszonyainak szervezésénél a kidolgozott rendszertechnikat
kell kovetni, realizalni. Sokkal lényegesebb - s ez mar a fel-
hasznalé szamara is fontos - a lathaté tartomany létrehozéasa,
kialakitasanak az aktualis igényt kielégitdé lehetfsége.

A televizid-kép elemeinek fényintenzitasat az elektronsuga-
rat vezérld videojel amplitudoja hatarozza meg.

Gondolatban allitsunk eld egy szabalyos pl.: 25*%6x512 pontbol
allé pontrasztert. Ezen pontmatrix sorai (256) legyenek az ab-
razold elektronsugar nyomvonalai, a televizids sorok, amelyek-
ben a pontok (512) azaltal keletkeznek, hogy a videoimpulzusok
a képernyd adott helyén felvillanasokat hoznak létre. Az igy
kialakult pontrendszer szabalyos strukturijat a szinkronjelek
biztositjak. A felvillané pontok tovabbi iInformaciét hordozhat-
nak, ha minden videoimpulzushoz annak amplitudéértékét, vagy
szinét meghatarozé tovabbi informacidét rendellnk.

onkényesen definidltunk tehat egy pontmatrixot, azaz munka-
teruletet, ahol az abrazolandd informacié altal megkivant gra-
fikus, alfanumerikus, vagy fuggvénymegjelenitést vegezhetink.
Itt utalunk az onkényes valasztas - 256x512 - néhany praktikus
elényére :

- 256 abréazolt televizids sor:
Maga a szam 2-nek egész kitevls hatvanya (28), egyszer(ivé valik
a sorszamlalas. Tovabba nem kell valtott soros letapogatast al-

kalmazni, ami nagymértékben egyszerisiti a szinkronizaldé rend-
szert.

- 512 soronkénti pontszam:

Szintén 2-egész kitevés hatvanya. Ha az elemi pontidét 100 ns-
ra valasztjuk a széleskdérben hasznalt TTL aramkodrkészlettel
szemben nem tamaszt irreadlis sebességigényt - 51.2 ys-ra ado-
dik a sor abrazolasi ideje, ami az elvi 52 ys-nal Kkisebb. Mas-
részt gondolva az el6z6 fejezetben emlitett alapsavi savkorla-
tozasra (6.5 MHz) a videojel legkedvez6tlenebb eléfordulasakor
iIs - 5 MHz frekvencigju négyszoghullam - még jo kontrasztu

képet ad .
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3.1. Grafikus megjelenités

Felhasznaldi oldalrél koézelitve a grafikus display olyan
berendezés, amely az adott feladat, altal megkivant felbontasu
pontmatrix munkaterileten tetsz6leges pontok felhasznalasaval
"barmit" meg tud jeleniteni. Ez a pontmatrix a legkilénbdzébb
1éptékl, felbontasu lehet: 256x512 vagy akar 4096x4096. Ha a
matrix pontjai kétértékiek, a tarolasuk konnyen realizalhatd
digitalis memériaelemek segitségével.

Az elvi megoldas kézenfekvd, tulajdonképpen a kovetkezé f6bb
szempontokra ke]ll, hogy kiterjedjen:

1) Létre kell hozni irhaté/olvashatd digitalis memériaelemekbél
(RAM) egy olyan téarolét, amely annyi elemi egységet - bitet -
tartalmaz, mint ahany képelemb6l a pontmatrix all. Ezt a
memoridat nevezzik frissitd memdérianak.

Pl.: ez 256x256 pont esetén 2i1ebit= s kbyte.

2) Biztositani kell egyértelml megfeleltetést a bitek és a
képelemek kozott.

Az 5. abra mutatja be vazlatosan a képernyén megjelend rasz-
terkép és a meméria (képfrissitdéd meméria) tartalma kozotti lo-
gikai kapcsolatot.

MEMORIA
TARTALOM CIM

1981H
1982H

1983H
1984 H

I I t | t

BYTE HATAROK

5. &ra. Crafikus megjelenités vazlata

A kép tarolasa ugy torténik - s ez a grafikus display ve-
zérl6k alapvety otlete - hogy az egyes televizids sorokban az
elemi képpontok videojele cimszerint egymast kovetd meméria-
rekeszek tartalmival van kapcsolatban. A megjelolt televizids
sorban az els6 s pont videojelét a frissité meméria 1981H cimi
rekeszének tartalma hatarozza meg, a masodik s pont videjelét a
meméria 1982H cimén l1évé tartalom adja ... stb. 1gy igazodva a
meméria szervezéséhez a teljes kép s vagy 16 bites (képelem)

77 7

darabokra tordelve eléallithato.
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3.2. Alfanumerikus megjelenités

Alfanumerikus informacidé megjelenitésekor egy elbre defini-
alt karakter vagy szimbolumkészletet hasznadlunk. (PI.: ASCII).
Egy-egy karakter képe altaldban 5x7-es vagy sxs-as pontmatrix
megfeleld pontjaibol all Ossze.

Ezeket a kodokat egy csak olvashatd meméria az un. karakter-
generator tartalmazza. Ezért a grafikus display pontonkénti
hozzaférésével szemben az alfanumerikus display-en a felhasz-
nalé altal elérhetd legkisebb egység pl.: a sxs-as pontmatrix
melynek belsé pontstrukturaja, képelemtarfalma mindenkor a ka-
raktergeneratorban dél el. 6. ébra.

6. dora. 8xs-as pontmatrix

Itt is meg lehet emliteni a realizadlds legfontosabb szempont-

Jaiként a kovetkezobket:

1) Biztositani kell téaroloéteriletet, ahol elhelyezhet§ annyi
karakterkdéd, altalaban ASCIl, ahany karaktert a munkateri-
leten abréazolni lehet.

Pl.: ez 64 karakter/sor x 32 sor esetén 2M byte = 2 kbyte

2) Egyértelmivé kell tenni a memdoridban tarolt kodok, valamint
a képerny6n megjelendé karakterkép logikail kapcsolatat.

Alfanumerikus Uzenetek abrazolédsakor tehat a frissitd memo-
ria az illet6 karakter koédjat, azaz a karaktergeneratorban téa-
rolt, a kérdéses karakter képét illusztrald sxs bites (shyte)
blokk cimét tartalmazza. Egy karakter a képerny§ s televizids
sordban kerul abrazolasra, amint az a 7. abran lathato.

1.karakter 1.tv sora 2.karakter l.tv sora ...64._karakter l.tv sora

1 " 2. " 2. ' 2. " ...64. ' 2.
1.KAR.
SOR
1.karakter s .tv sora 2.karakter s .tv sora ...64_karakter s tv sora
32_KAR
SOR
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MEMORIA
TARTALOM Cim

A 1 1981H

4 C 1982 H

A 6 1982H

A1l 1983H
ASCIl  Kodok

7. dra. Alfanumerikus megjelenités vazlata

Gyakran el6fordul a kvazigrafikus display megnevezés . Ez
rendszertechnikailag itt emlitenddé meg, hisz tulajdonképpen az
alfanumerikus karakterek sxs-as matrixahoz hasonldéan pl.: sxs-
as strukturaju grafikus szimbolumok abrazolasat jelenti.

3.3. Fuggvény megjelenités

A méréstechnika szamos teruletén, de kulontsen a nuklearis
méréstechnikaban gyakori feladat az 1d6, energia, hullamhossz
mint paraméterek fuggvényében események gyakorisaganak mérése.
A mérés soran keletkez6 spektrum els6sorban kvalitativ értékeié
sének legegyszeribb médja a spektrumnak mint egyértéku figgvény
nek az abrazoladsa. Ez torténhet papiron, oszcilloszkép képernyd
jén, de kényelmes lehetfséget nyujt ilyen célra az el6z6ekben
mar grafikus, alfanumerikus megjelenitéként ismertetett video-
monitor is. A videomonitor 256x512 pontbol allé munkateriletét
ugy is tekinthetem, mint egy 512 oszlopbdél allé tablazatot, s
minden oszlopon 256 fugg6leges beosztds van. Az 512 oszlop
mindegyikéhez hozzarendelhetink a mérési paraméter egy diszk-
rét értékét, mig az adott diszkrét értéknél a mérési eredmény
az illet6 oszlop fuggbleges skaldjan "bejeldolhetd™.

Azaz fuggvénymegjelenitéskor:

1) Tarolni kell annyi digitadlis koédot, ahany oszlop alkotja a
flggvényt

2) Az egyes kodok hossza a fuggvény fuggbleges léptékéhez
igazodva olyan, hogy mindegyik oszlop valamennyi fugg6leges
beosztasa kivalaszthat6é, megjeldlhetd legyen. Példankban,
mivel a fuggvény fiuggbleges léptéke 256, barmely érték 0-tol
255-ig 8 bitben kbédolva kivalaszthatdé. A szikséges tarolo
kapacitas 512x8bit.
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3 Meg kell szervezni a frissitdé meméridban tarolt binaris kddok
és a képernyén megjelenitett kép logikai kapcsolatat.

A megjelenités folyamata ezek utadn a kovetkez6:

Az 512x8 bites szam minden televizids sorban a megjelenités-
re biztositott él16id6 alatt (tgi6 < 52 ps) kiolvasasra keril, s
egy un. donté logikai halézatra jut. Ehhez az egységhez jut
tovabba a sorszamlalé tartalma is mely jelzi, hogy az elektron-
sugar hanyadik televizidés sorban fut. Ha a kiolvasott kéd és a
pillanatnyi tv sorszadm megegyezik a logikai haldézat Kkimenetén
keletkez6 videojel hatadsara az oszlopszam és a tarolt binaris
kod altal egyértelmivé tett helyen fénypont villan fel. Ezt a
folyamatot szemlélteti vazlatosan a s . abra.

MEMORIA
1 0 OOOOH
1 2 0001 H
1 5 0002 H
1 9 0003H
1 F 0004H
1 C 0005 H
1 B 0006 H
L A 0007 H
1 9 0008 H

A 0009 H

TARTALOM Cim

8. aora. Flggvény megjelenités vazlata

3.4. A "seif-refreshing" tipusu display vezérl6 rendszer

Miel6tt ratérnénk a grafikus, az alfanumerikus és a flggvény
megjelenitdéd modulok ismertetésére a 9. abra alapjan roviden jel-
lemezzik azok rendszertechnikai kornyezetét. Ha visszagondolunk
a megjelenités elvi targyaldsanal mondottakra, a kovetkezbket
lehet megallapitani:

- valamennyi modszernél alapvetdé az informacidé tarolasahoz
szikséges memoriakapacitas létrehozasa, tovabba

- a képerny6n megjelend informacid és a tarolt kodok-logikai
kapcsolata.

Az elb6bbi kovetelmény egy megfeleld kapacitasu RAM meméria-
val kielégithet§. Ez lehet a mikroprocesszor memériajaban
programmal definialt teriulet, vagy egy onallé tartomany. Mindkét
esetben biztositani kell a kettds hozzaférést egyrészt a pP,
masrészt a képfrissitést végzé aramkor oldalarol.

A képfrissitést biztositd eszkdoz realizalja a tarolt “digi-
talis- és a képernydn megjelendé kép logikai kapcsolatat. A
meméridhoz vald hozzaférése és a pP-vel torténdé egyuttmikodése
rendszertechnikailag tobbféleképpen alakithatd Kki. Egyik médszer
a "self-refreshing”, egy masik pl.: a programozott DMA-t hasz-
nalé megoldas.
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9. dra. "Self-refreshing" tipusu rendszer

Ezen utébbi elven mikddnek a nagybonyolultsagu display ve-
zérl6 IC-k, melyek integraltan tartalmazzak a kuldénb6zé funk-
cidokat elladtd egységeket. Keépfrissitéskor - a yP futasat meg-
szakitva - DMA-n keresztul fordulnak a memériahoz az abréazolni
kivant informacid kodjaiért.

"Self-refreshing” tipusu képfrissitésnél kulon hardware egy-
ség Vvégzi a memdria végigcimzéséet, s ha a megjelenités megki-
vanja a kulonbozé display vezérlék kozés meghajtast kapnak. Ez-
zel a megoldassal a képfrissités a pP mikodésétdl fuggetlenné
valik, nem terheli annak gépidejét.

4. Display vezérlé modulok

Az el6zb6 fejezetben vazlatosan attekinthettik a kuloénb6zé
lisplay képek eldallitasanak egy-egy célszerld mddszerét.

Egy display vezérld egység funkcionalisan tobb részre tagol-
hatdé. Gyakorlati okok miatt két 6 egységre bontjuk, s a tovab-
biakban ezek megvalésitasat mutatjuk be az egyes abrazolasi
médok esetében:

1) Szinkron generator modul
2) Frissité meméria modul

4.1. Szinkron generéator modul

A display képek eléallitasanak modszere megegyez6 abban a
jellemzében, hogy egy megfeleld kapacitasu memdria tartalmat
-cell a videojelet generald aramkdér - shift regiszter, karak-
tergeherator+shift regiszter, komparator - rendelkezésére bo-
csajtani. Minden egyes félkép lefutasanal a meméridban tarolt
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adatokat legalabb egyszer végig kell olvasni.

A szinkron generator végzi a frissitdé memdria kiolvasasahoz
a cimek, tovabba a videomonitor szinkronizdldsahoz a szinkron-
és kioltdojelek elballitdsat. Ebben .a modulban torténik a komp-
lex videojel amplituddhelyes keverése, valamint ha ez sziksé-
ges, a TV készulék kozvetlen mikddtetéséhez a nagyfrekvencias
jel keltése. A modul elvi vazlata a kovetkez6 (10. &bra):

VEZERLO JELEK FRISSITO BUSZ VIDEO KIOLTAS

DW - AO

0w -A7

OW-I1/0R

DW- I/0W

MEMORIAK

ow- 07
VIDEO
JELEK

10. &ra. Szinkron generator modul

Egy szinkron generator modul a yP buszira egymassal parhuzamo-
san csatlakoz6 tobb meméria modul szinkron vezérlését is végez-
heti, ezaltal egyszerre 2,3... - intenzitasban megkuldnbdztet-
het§ - kép jJelenitheté meg a monitoron (9. abra).

4. 2. Grafikus display vezérlé

Az elkészitett grafikus vezéerld 256x256 fuggetlen elemi pont-
bol allé kép megjelenitését teszi lehetdévé. A memdéria modul
tartalmazza a 256x256 raszterpontbdol allé "digitalis” kép ta-
roldsahoz szikséges memériat (skbyte) és a tovabbi Kkiegészitd
aramkoroket. A tar fTélképenkénti ciklikus kiolvasasat és ezzel
a kép frissitését a szinkron generator vezérli.

A meméria modul, melynek vazlata a 11. abran l4thaté a kovet-
kez6 funkcionalis egységeket tartalmazza:
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HA» .
FRISSITO

-
HA 12 sz T . KBYTE

oN-A»

CH

busz
oW -A15

OW-MEMW RIW
VEZERLO IDOZITO
OW-HEMR EGYSEG EGYSEG

ow- D0 \
( adat busz

DW - D7
MEGHAJTO

SUFT REG ORAJEL
TAROLO KIVALASZTO

POHTFREKVEHCIA

11. dra. Crafikus display frissitd meméria modul ja

- RAM MEMORIA

A 256x256 pontos raszterkép tarolasara szolgalé meméria kettds
hozzaférésl. Egyrészr6l biztositani kell, hogy a yP busz felé
normal memériaként viselkedjen, masrészt lehetévé kell tenni a
képfrissitést vezérlé szinkron generator szamara is a hozza-
férést.

Amennyiben a processzor miveleteknek - olvasds, médositas -
van prioritasa egy editalt kép attoltése és megjelenitése a le-
heté legrévidebb 1d6 alatt végbemegy.

Ugyanakkor zavarjelek keletkeznek a képernyén, ami nem statikus
informacid (spektrum usztatas) megjelenitésekor kellemetlen le-
het. Ha a frissitd6 meméridba torténd iras/olvasas képkioltasi
idészakra esik a zavarjelek nem lathatok. Ez a fajta memoria
hozzaférés, az Osszetett kioltdjel mint statuszjel Tigyelésével
realizalhaté, ezzel egyutt azonban csokken a kép atirasanak
sebessége.

Azaltal, hogy a memoOria a processzor feldl irhaté és olvashatd,
lehet6vé teszi a megjelenitenddé informacid editaldsat ugyan-
ezen a taroloterluleten.
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- MUX (cimmul+iplexer), ADAT BUSZ MEGHAJTO

Ezek az aramkorok biztositjadk a meméria kettés hozzaférését.
Egyrészt azzal, hogy processzor miveletekkor, a MEMR, MEMW
vezérld jJelek hatasara a vezérl6-, cim- és adatvezetékeket a
yP busszal kotik Ossze. Masrészt a képfrissitésnek megfeleld
uteml meméria olvasaskor a cimvezetékeket a frissité buszon
keresztil a szinkron generatorral kapcsoljdk az adatvonalak yP
buszrél torténd egyidejl levalasztasaval.

- TAROLO I1.11., SHIFT REGISZTER

Képfrissitéskor a televizids rendszertechnika altal megkivant
videojelet kell formalni, azaz az egyes pontok fényesség-in-
formacidjat idében egymas utan kell a letapogaté elektronsugar
vezérlésehez tovabbitani. Sziukséges a memOria parhuzamosan Kki-
olvasott 8 bitjének sorossa alakitasa és a pontfrekvencianak
megfeleld Utemd kiléptetése (fpont= 5 MHz). Az éppen abrazolt
8 képpont bitjeinek shiftelése elegendd 1dét enged (1.6 ys) a
kovetkez6 8 képpont kodjanak eléréséhez, s a shift regiszterbe
toltésig atmeneti taroldéba lIrasahoz. A két atmeneti tarold
byte-onként szinkronizalast végez a memdria olvasas és az ada-
tok shift regiszterbe valé toltése kozott.

- I1DO0ZITO és VEZERLO EGYSEG

Vezérlik a memoria tartalom médositasat, olvasasat, képfrissi-
téskor az adatok atmeneti taroldba, s onnan shift regiszterbe
valo toltését, valamint a videojel formalasat.

4.3. Alfanumerikus display vezérld

Az alfanumerikus vezérlé - szinkron generator és frissitd
memOria - 32 sorban, soronként 64 ASCII karaktert jelenithet
meg. A karakterek formatuma 8x8-as pontmatrix. Kvazigrafikus
megjelenitéshez néhany specialis szimbélumot is tartalmaz a
karaktergenerator. Markerezésre, szovegkodzi részletek villog-
tatassal torténd kiemelésére szolgadl a 7 bites ASCII kodokat
8 bitre kiegészité 1 bites informacié. A meméria modul elvi
felépitését kovethetjuk végig a 12. abra alapjan.

- RAM MEMORIA

Ezen a 2 kbyte-os taroldé terileten kell mar megszerkesztett
formaban elhelyezni a képernyén megjelenitendé informacidé kod-
jJait. Itt is meg kell oldani a memdéria kettds hozzaférésének
lehet8ségét, a processzor miveletek és a képfrissités 1d6zité-
sének az oOsszehangolasat.

- MUX, ADAT BUSZ MEGHAJTO

Feladata és mikodési elve a grafikus vezérl§ azonos aramkori
egységevel megegyezl.
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12. dra. Alfanumerikus display frissité memoria modul ja

- TAROLO, SHIFT REGISZTER, KARAKTER GENERATOR

Képfrissitéskor a meméridbdél kiolvasott karakter kodok az at-
meneti taroldon keresztul a karakter generatorra jutnak. Ez az
aramkor egy elb6re programozott, megfeleld kapacitasu ROM. Az
ASCI1 kodtablazat 128 db karakterb6l all, s ha egy karakterkép
8x8-as pontmatrixban realizalddik, a szikséges ROM kapacitas
128x8byte = lkbyte. A karakter generatorban 8 byte-os blokkok-
ban foglalnak helyet a karakterképek, a blokkok kezd6cimei

00 - 7FH-ig megegyeznek az illet6 karakter ASCIlI kédjaval. Ab-
rdazolaskor a karakter generator 7 cimvezetékén jelenik meg a
karakter ASCIlI koédja, mig tovabbi 3 cimvezetéken keril Kkivalasz-
tasra az illetd karakterkép koédjat tartalmazé 8 byte-os blokk
egy byte-ja, azaz a karakter éppen megjelenitett TV soranak
kddja. Ez a 8 bit shift regiszterbe keril, ahol parhuzamos/soros
atalakitassal, valamint a bitek pontfrekvenciaval (10 MHz) tor-
ténd kiléptetésével keletkezik a videojel.

- I1DO6ZITO és VEZERLO EGYSEG

Lattuk, hogy az ASCII koédtablazat egy karaktere 7 bittel Kiva-

laszthat6. A 8. bit, melyet programozni lehet, hordozza azt az

informacidét, hogy a megjelolt karakter villogjon-e. Ezt a fela-
datot, valamint tovabbi i1d6zitési és vezérlési feladatot lat el
€z az egység.
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4.4. Fuggvény display vezérlé

A 13. &4bran lathaté annak az aramkdrnek a blokkvazlata, mely
az el6z6 fejezetben ismertetett fiuggvény megjelenités egy cél-
szer( elvi eljarasat realizalja.

VIZSZ.* FUGG PONT vizsz FUGG vizsz FUGG VIIOGTATAS
KIOLTAS FREKV SZINKRON KIOLTAS SZINKRON  SZINKRON

13. dbra. Fuggvény display frissitd meméria modul ja

A modul jellemz§ paramétereinek attekintésekor emlitést érdemel
az, hogy 512 diszkrét pontban adott egyértéku flggvény megje-
lenitését vezérli. Ezt a tv technikai eszkozokkel még biztosit-
haté felbontast (3. fejezet), 100 ns-nal kisebb hozzaférési
idével rendelkez6 meméria aramkorok felhasznalasaval lehetett
elérni. Az egység tovabbi, az abrazolast szemléletessé tevd
szolgaltatdsa kétféle markerezési lehet6ség. A fluggvény osz-
lopok kulon-kulén villogtatassal , vagy fénymodulacioval jelol-
het6k meg. A spektrumok képernyén folytatott kvalitativ értéke-
lésének hasznos eszkdoze a 256 fluggbleges beosztas barmelyik
pontjaban "hdzhaté" vizszintes alapvonal. A valasztott markere-
ﬁési méd, valamint az alapvonal generalas programozottan végez-
etd.

A fuggvény display vezérlé - szinkron generator, frissitd
memoria a modul - tovabbi, az alfanumerikus vezérlé frissitd
meméria moduljaval egyutt ad teljes értékd megoldast. Hiszen a
spektrum feliratozasa, az értékelési eredmények gyors kozlése
csak igy lehetséges.
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A blokkvazlaton a grafikus, alfanumerikus display vezérldk-
nél jellemzett funkciondlis egységeken tulmenbéen tovabbi eleme-
ket taladlhatunk. A frissitdé meméria, cimmultiplexer, adatvonal
meghajtoé, atmeneti taroldk, i1d6zitd és vezérld logikai egysé-
gek feladata és mikodése alapvetbéen azonos az eddigiekkel. Uj
elemként jelent meg azonban a SORSZAMLALO, KOMPARATOR 1. 11,
ALAPVONAL REGISZTER, VEZERLO REGISZTER.

- SORSZAMLALG6

A televizidés sorok szamlaldsat végzi, fTélképenkénti periddici-
tassal. A megjelenitett aktualis tv sor sorszamanak binaris
kédja a komparatorra jut.

- KOMPARATOR I.11.

A fuggvény megjelenités elvi ismertetésében emlitett dontd ha-
16zatot a komparator realizalja.

Ennek az aramkdrnek a feladata a videojel képzés azaltal, hogy
a frissité memoriaban tarolt 8 bites binaris szamértékeket sor-
rol-sorra 6sszehasonlitja a sorszamlaldé aktualis tartalmaval.

A sorszamladl6é tartalma 64 ys-onként eggyel csokken, s ez alatt
az 1d6 alatt a pontfrekvenciaval (10 MHz) mldkoédé cimszamlalo
ciklikusan végigcimzi a teljes frissitd memOoridt és az atmeneti
tarolon keresztil a komparatorra juttatja a tarolt kodokat. A
komparator "=" kimenetén keletkez6 videoimpulzusok azt jelzik,
hogy az adott oszlophoz tartoz6 érték azonos az éppen abrazolt
tv sor sorszamaval. Amennyiben az '="" kimenet helyett a ki-
menetet hasznaljuk, akkor mindaddig keletkezik videojel az
adott oszlopban, ameddig a sorszamlalé tartalma Ki-

sebb az oszlopban abrazolt értéknél. Ez lehetféséget nyujt a
pontozott megjelenités mellett a kitoltott terulettel torténd
abrazolasra is.

- ALAPVONAL REG ISZTER
A yP buszrol toltheté fel 8 bites kbéddal, a kod altal jelzett
tv sorban a képerny6n vizszintes vonal jelenik meg.

- VEZERLO REGISZTER

Az Uzemmod regiszterben tarolt koddal kerul kivalasztasra a Ki-
vant megjelenitési moéd. Valaszthatunk pl.: vonalas vagy ponto-
zott abrazolast, megjeldlhetiunk figgvény oszlopokat villogtatas-
sal vagy fénymodulaciodval, tovabba megoldhaté az alapvonal tor-
lése.
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6sszefoglalas

Az ismertetett display vezérl6é modulok a jelenleg fejlesz-
tett yP-os célberendezésekben kertltek alkalmazasra. Midkodte-
tésuk, tesztelésik soran szerzett kezdeti tapasztalatok alapjan
megallapithaté, hogy a video megjelenités mikroprocesszoros
célberendezésekben torténd realizaldsa egyaltalan nem oncéld.
Ellenkez6leg, felhasznaldsukkal az ember és gép informaciodkap-
csolatat teljesebbé tevl eszkdozt adhat a tervez6é a felhasznalodk
kezébe.
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