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RECENT DEVELOPMENT OF SPECIAL DETECTION SYSTEMS AT TNE VAN DE GRAAFF LABORATORY OF CIalM

H. Liskien, C. Budtz-Jérgenser, H.-li. Knitter, A. Paulsen
Commission of the European Communities, Joiat Research Ceatre
Central Bureau for Muclear Measurements, B-2440 Geel, Belgiom

Abstract

A measuring programme has been set up by the CBUM Vax de Graaff laboratory to determime (a) gas
production cross sections for fast reactor structural materials and (b) fission cross sectioms
of rare actinide isotopes. In both cases special detection systems had to be developed which
will be described together with exsmples of results obtained so far.

. Introduction

The main tasks of the CBKM are the development of nuclear reference materials and methods, and
the determination of nuclear data in fulfillment of high priority requests. For the latter task
a 120 MeV electron linear accelerator is available which (via bremsstrahlung and the (7,m)-proc-
. 8) produ:es high iatense neutron bursts with vidths down to 5 ns. This pulsed aeutrom source
is mainly exploited by time-of-flight experiments in the resolved and unresolved resonance region
using flight paths up to 400 m. Fast neutrons are produced (via reactions like 7X.i(p,l'l), T{p,n),
D(d,n), T(d,n)) using a 7 MV single stage Van de Graaff accelerator in its pulsed (= ! ns) or
unpulsed mode. Presently this accelerator is used to determine gas production cross sections for
fast reactor structural materials and fission cross sections of rare actinide isotopes.
Especially helium is contributing to the embrittiement of material via the stabilization of
micro-voids. As the (n,a)-reactions on most of the involved main isotopes lead to stable nuclei,
activation techniques are not applicable. Gas extraction combined with mass spectrometry fails
due to the limited fluences of mono-energetic neutrons available. Therefore we designed a reac-
tion chamber for direct particle detection |i].

Fission cross sections for rare actinide isotopes are needed for fuel cycle strategy and estima-
tion of properties of burned fuel elemcnts. Half-lives of such isotopes are very often rather
shorz, such that the neutron-induced fission fragment rate is many orders of magnitude smaller
than the a-activity of the sample used. Normally designed fission icnization chambers therefore
can not be used in such experiments due to pile-up problems. Approaches of CBNM Geel to overcome

this problem will be presented further below [ 2].

2, The Multi-Angle Reactiorn Chamber

A cross section view of this chamber is shown in Fig. 1. Five charged particle detector tele-
scopes, each consisting of two energy loss detectors (proportional counters) and one total ener-
gy detector (surface barrier counters) in a triple-coincidence arrangement, are registering the
charged particles emitted from thin metallic foils in the centre of the chamber. All the encrgy
loss detectcrs are corbined in two pairs of proportienal counters, one pair on each side of the
sample. For this sample we are using a tantalum backing and two metallic foils (~ 3 mgicmz) on
each side to avoid prompt coincidences from particles created in one half of the chamber but
passing through a singie sample foil into the other half. This sandwiched sample is mounted on
a movable slide which permits to insert different samples: the sample to be studied, a reference
sample, a background position and an d-source. The mean observation angles relative to the in-

coming neutron bean are 14, 51, /9, 109 and 141°, The aperture funclions for tne five detecters
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case as 8 fivefold biparametric analyzer.

The dynamic range of the electronics used is
insufficient to record simultaneocusly all kind
of particles. At present we are concentrating
on a-particles. For the detection of the
proton recoils for flux determination the
setting of the electronic has to be changed.
As an example, results on natural iron after
integration over the a-particle energy and
the emission direction are givenm in Fig. 4.
Up to now experimental information was only
available around 14,8 MeV [ 4-6] where due to
the T(d,n)-resonance much stronger neutron
sources are available. For the references

5 and € even the world’s most intense 14 MeV
source RTINS at Livermore was employed using a
magnetic spectromezer [ 5] in one case, and

gas extraction combined with mass spectro~
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Fig.4 : Obtained energy- and angle-integrated
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Fig.? : The electronics used for the multi-

angle reaction chamber.

metry [ 6] in the other case.

3. A Parallel Plate Ionization Chamber with

Special Characteristics

Normally used parallel plate fission ioniza-
tion chamber have an electrode distance much
smaller than the fission fragment range. As
will be demonstrated below, such devices can

be consideradly improved by using an electrode
distance longer than the fission fragment

range R and appropriate double differentiation
of the charge signal,

Part a of Fig. 5 shows the electrodes of the
chasber and an ionization track forming an
angle ? with respect to the normsl of the elec-
trode. The time dependence of the induced
charge q(t) from the ionization electrons is
shown in Fig.5b.
move under the action of the electric field

As long ss all electrons

towards the collector plate with the same
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speed, a signal with constant rise is induced. q)
This rise becomes smaller when the first electrons "V v
reach the collector (tl) and it becomes zero when

all electrons have reached the plate (tz). The

times tl and tz

are given by

t, - (d = Rcos 9),v, tz = d/y

vith v being the electron drift velocity. The
pulse height at time t, is given by

q(tz) =E () - % cos 9) vith t1 t2=2007\§;
R c) ©
f x* p(x)dx i

J ptxax ts<h<ty

where p(x) is the ionization density of the track

and E the particle energy. The direction depen- -t

ts Y t2
di
at

current pulse shown in Fig.5c depends in principle F"E

e

dence can be used to investigate fission fragment d)
angular distributions as explained in the last
section of this paper. The sharp rise of the

only on the time it takes the fission fragment to
stop in the gas; its height is proportionmal to E.
A differentiation of the current pulse results in ~———————et
the extremely sharp pulse shown in Fig. 54 which tS t1 t2

has an area proportional to the particle energy E.
The short width of the obtained pulses ensures
that the chamber can operate with a high a-back-
ground. The ratic of pulseheights from FF to
a-particles is larger than 12, considerably higher

Fig.5 : Part a shows schematically the
parallel plate chamber with an
ion track. R is the range of the
ionization particle, ¢ the emis-
sion angle formed by the track

than with a normally used ionization chember. In «ad the normel of the electrodes,

d the electrode distance. Parts

b, ¢ and d show the charge, the

current and the differentiated

fact the power of this type of desing can not be
fully exploited because the best rise time of com~
mercially available preamplifiers is ~ 10 ns,
Using delay line clipping we cbtained pulses of

30 ns width. Although this is one order of magni-
tude more than is ideally obtainsble, the chamber
has provad to operate satisfactorily with a sample
of 1.6 ng uo?u which produces an a~background of 1,5 10

of the cross section results obtained [ 8],

current signals, respectively.

7 -1

s ', As an example Fig.6 shows & part

Moreover, to our knowledge, this is the first time that a fsst pulse is formed from en ioniza-
tion chamber applicable to fast timing (At € ],5 ns) snd carrying the energy information with
ic.
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4. The Compensation Chamber with Intrimsic

Suppression of a-Particle Background

Even higher a—~accivities can be accepted by

a compensation chamber vhich has been success-
An. The underlying idea of

fully used for 241

this detector is based on the fact that the
ranges of 5 to 6 MeV a-particles is much
longer than the ranges of fission fragments.
Fig. 7 shows the working principle of this

detector. Omly the upper chamber is of rele-

vence here. It contains a middel electrode

(8 um Al) such that fission fragments moving

normal to the sample are just being stopped

in this foil, whareas the 5.4 MeV a-particles

will pass the foil and are stopped in

the outer electrode. Mathane at NTP was
used as counter gas because of its large
electron drift velocity. The distances
between the three electrodes have been
chosen such that the a-particles create
nearly the same charge in the two parts
of the chamber. Hence, under the infliu-
ence of the electric field, no net charge
will flow to the middle electrode. That
means, in principle, no signal will arise
from a-particlcs. Concerning fission
fragments the detector behaves as a normal
parallel plate ionization chamber with an
electrode distance smaller than the range
of the particles. In order to ensure that
all a-particles from the sample will pass
the middle electrode, a 0.3 om stainless
steel plate with ~ 1500 holes of 0.5 o
dismeter, is placed above the sample.

, e
1« e oERL
i L I VERMORE
z 1
£
9 -
& .
oy
I
b
@
T
o
2 . I e e R e o e e i e e e e e SR R S
2 -4 a G 8 19
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Fig.6 : The high energy part of tlzlzoobnimd
fission cross section of Pu.
r .
|
U swma
|
] my w
| =

Fig.7 : Schematics of the chamber with intrin-
sic suppression of a-particle pulses.
Distances are in mm. The track of a
FF stopping in the thin Al foil is
shown as thick line. The tracks of
the a-particles, thin lines, pass the
Al foil except in the rare cases where
the a-psrticle loses too much energy
in the edges of the collimator.

The typical efficiency of such a collimator is sbout 13 %. PFurther details on this detector can

be found in ref, [9]. Measurements were performed on

Z“An using both the Van de Graaff and the

linear accelerstor., Results are published {10, 11}, Fig. 8 shows the high energy part of the

results.

5. Ionization Chamber for the Determination of Fission Fragment Angular Distributions,

Fig. 9 shows the principle of our fission ionization chamber vith an inserted Frisch-grid used

for fission fragment angular distribution measurements. The charge signal 9ca taken from the

cathode was given already in section 3:

qu"E (¢] -icos 9).

Hence, the pulse height distribution of this signal leads directly to the cos O-distribution of
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the ion tracks in ] . EXP .
the case of mono- 3
energetic parti- fal 1 - CAL .
cles(E,x = const.). g ) .
The situation is - i "
e
more difficult & -1
when £ission frag- G
ments are to be o)
0]
detected. The g -
direct dependence ik
on E can easily de ]
removed, as the ] ’l
anode signal q Z
] . an J.,..,‘...7.vfw7.v..,....,v.v
is proportional to .. 1.8 2e 3e .0 5.0
E. To this end the NEUTRON ENERGY (MEV)
two signals 9a and Fig.8 : The obtained fission cross section of 2“A- at and above the
q,, vere fed to a fission threshold, together with a best theoretical fit [10}.

multiparameter data
acquisition system, ND 6660, wvhere they
were digitized and stored event by event.

At the same time the quantity

q

.l -2 o X(EA2Z) =E

vel a ~ ] . cos & 3. q an
an -
x
vas formed. There remains the dependence ~-g------7-----==--- —D‘ qg,.= E-FCOS‘O
- X!

of v on x(E,A,Z). Keeping q__ ™~ E fixed, O \; -

. a . N =F(1-X 3
distributions for the v-quantities were qCO-E“ ECOS )
determined. These distributions were
found to have a sharp fall at the Pig.9 : Schematics of a detector capable for angle
largest values which correspond to determination, energy determination and

cos ¢ = |, showing that the dependence ns-timing.

on A and Z is smaller than 5 . The

widths of these distributions A(q.n) ~ %x(E)/d were stored, and from the stored events the quan-
tity

v's Y "M.cuoicoso
LICA x(E)

vas generated which yields the final fisaion fragment angulsr distribution. Up to now the
method has been successfully applied for 2”1!. Results obtained at 1.6 MeV nsutron energy are

given in Fig. 10,
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RECENT DEVELOPMENTS IN THE STUDY OF (n,charged particle) REACTIONS

S.M. Qaim
Institut fiir Chemie 1 (Nuklearchemie), Kernforschungsanlage Jlich GabH,
517 Jilich, Federal Republic of Germany

Abstract

Some of the recent advances in the experimental techrniques for the study of
{n,charged particle) reactions are briefly described and a short survey of the
newest results is given. Wherever possible, a short discussion of the reaction
mechanism is also included.

1. Introduction

Investigations of (n,charged particle) reactions are of significance for an inter-
pretation of the phenomenon of radiation damage in structural materials of nuclear
reactors as well as for enhancing our understanding of basic nuclear theory. The
emission of charged particles from excited nuclei is denerally favoured in the
light mass region; in the medium and heavy mass regions, due to the increasing
domination of neutron emission processes, charged particle emission is rather weak
and difficult to investigate. Of all the light mass charged particles, i.e. p, 4d,
t, 3He and ‘He, the emission of protons and a-particles has been more thorouchly
investigated; the available information in the other caies, however, is rather
small. The status of (n,charged particle) and other neutron threshold reactions was
recently reviewed [1]; the present paper, therefore, gives only a brief acco at of
the newest developments in this field.

2. Experimental techniques

The {n,charged particle) reactions are generally investigated using three major
techniques, viz. activation, mass spectrometry and on-line measurement of the
emitted charged particles. We discuss the recent developments in the three tech-
niques below.

2.1 Activation method

This relatively simple technique involving an off-line identification and radio-
metric determination of the radioactive reaction products has been in use for a
long time. Because of high sensitivity it has been advantageously applied to the
investigation of low-yield reactions, and cross sections on the order of a iow
microbarns could be measured [2]. In recent years the technique has been applied

at Jilich using highly eniiched isotopes as target materials, modern radiochemical
separations for ‘-solating low-yield transmutation products from strong matrix acti-
vities, and specific and high-resolution counting methods, such as soft 8" ray
counting in the gas phase, Ge(Li) detector y-ray spectroscopy, Si(Li) detector X-
ray spectroscopy, low-level methods of counting, 4vB8y-coincidence counting, etc.
Radiochemical separations not only enhance the sensitivity of detection of the
activation products but also facilitate making thin sources for snft X-ray counting,
such as in the case of >Fe and *°v [3].
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In the special case of (n,t) reactions the activation technique has been applied
in two variations, namely, identification cf iie activation products (cf. [4]) and
estimation of the formed tritium by 8 counu.n: in the gas phase [5-8].

2.2 Mass spectrometry

This method involves an off-line identification cf the generally stable rezction
products via their masses. As far as the (n,charged particle) reactions are coi-
cerned, so far the technique has been applied exclusively to the estimation of
light mass gaseous products 3He and ‘He, mainly at Atomics International, Cali-
fornia [9,10] and Jiilich [11]. Whereas at Atomics Internaticnal the produced ‘He
was heated out of the irradiated material, spiked with “He and measured using a
high sensitivity mass spectrometer in a static mode, in our Institute relative
reasurements of 3He and ‘He, both produced in fast neutron induced reactions, were
carried out in a dynamic mode using a quadrupole mass spectrometer. Though pre-
sentiy iimited in application, this technigue constitutes a sensitive method for
the detection of l1ight mass stable gaseous products and about 108 atoms car be
detected. The dynamic range of the sy.iem is gjenerally »107, which means that the
intensity ratios cf '.:107 for neignbouring masses can be well distinguished. The
metihod, however, has the disadvantage of yielding only integral cross-section values
so that no information on the reaction mechanism is obtained. Ip this respect it is
similar to the activation tecinique. Furthermore, no distinction is made between
{n,x) and (n,n'x) type reacticns. Nonetheless, the technique has prcven to be very
useful for estimating total 3as production in various structural materials

(cf. [9,10]).

2.3 Cn-line measurement of emitted charged particles

The techniques for the on-lire detection of =mitted charged pariicles like protons,
deutercns, tritons, a-particles are somewnat similar., For studies with 14 MeV neu-
trons nuclear emulsicis, thin scintillators (e.g. CsI(Tl)}, small semnicorductor
detectors and various types of counter telescopes have been in use in severail
labora _ozi2s for guite some time. Recently at Livermore a high resolution magnetic
+:adrupcle spectrometer has been develcped (cf. [12,13]) which has been yielding
cxtensive data on p, d and o« emitting reactions on structural materials. Charged
particles emitted from a thin target are rollimated and focussed by a magﬁutic
quadrupole triplet lens ontco a detector telescope. The quadrupole transports
charged particles of a given momentum from a specific poin®: on the target to a
specific point on the detector. By doin; measurements at various field yradient
settings it is possible to cover the entire charged-particle energy range, i.e,
from 1 to 15 MeV, and thus to Jdetect anu analyse even low-enerqy charged parti.cles,

such as those emitted in (n,n'x) reactions.

At energies other than 14 MeV, due to the low intensities of available neutron
sources, on-line measurement of the emitted charged particles, especially from
medium and heavy mass nuclei, has been rather littie investigated. Some work has
been reported at 18 MeV from Warsaw (cf. [14]). Recently at Geel a reaction
chamber has been constructed [15] for the con-line detection of n-particles ‘n the
interactions of 5 to 'O MeV neutrons with structural materials. The chamber con-
rains five charged pa:ticle detector telescopes, each consisting of two energy

loss detectors (propcriional counters) and one remaining energy detector (surface
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barrier counter) in a triple coincidence arrangement. In this system a-particles
with energies above 4 MeV can be easily detected.

3. Recent results

Similar to earlier studies, most of the recent measurements on (n,charged particle)
reactions have also concentrated on neutron energies around 14 NeV. The data at
other snergies are still scanty but the situation is improving. Some of the most
recent results on the emission of various types of charged particles are discussed
below.

3.1 (n,p), (n,d) and (n,a) reactions

The angle integrated cross sections for the emission of p, 4 and a-particles in the
interactions of 15 MeV neutrons with a few target nuclei in the medium mass region,
as reported by the Livermore group [13] are reproduced in Fig. 1. The low-energy
components of the emitted charged particles indicate the occurrence of (n,n'x) type
reactions. Such investigations are of importance in the context of total hydrogen
and helium production in structural materials as well as for an understanding of
the phenomenon of sequential emission of neutrons and charged particles.
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Fig. 1 Angle-integrated cross sections for the emission of varioue charged
particles in reactions induced by 14.8 MeV neutrons on -iirferent targets:
(A) protons from 56?3, (B) a-particles from 63Cu and (C) deuterons from
63Cu. The multistage Hauser~Feshbach calculation is represented by a solid
line. A dashed line indicates the calculated contribution from protons or
a-particles emitted by the first compound nucleus in the region where
(n,n'p) or (n,n'a) reactions are also energetically allowed [13].

Using the activation technique we recently carriei out extensive studies on 14.7
MeV neutron induced (n,p) reactions [16] in various mawss regions and (n,a) reac-
tions in the region of rare-earths where the existing cross-section data showed
large discrepancies. Our cross-section data show a strong dependence on (N-Z)/A of
the target nucleus.
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In recent years a considerable amount of ‘ue gas production data for fission
neutrons as well as for 15 MeV neutrons has been reported from Atomics International
using the mass spectrometric technique (c<. [9,10]).

The above mentioned three techniques complement each other and make it possible

to estimate the total helium emission from elements of natural isotopic composition.
A typical example is provided by the case of nickel. The counter telescopic mea-
surement of the emitted a-particles gave a cross-section value of 129214 mb [17]
and the magnetic quadrupole spectrometric method a value of 97:16 mb [13]. Using
the mass spectrometric method a value of 9816 mb was obtained [10]. Our radio-
chemical measurements on Ssﬂi, qui and 6‘N1 gave (n,a) cross-section values of
125, 20 and 7 mb resnectively [18]. From our (N-2)/A systematics for (n,a) reac-
tions, cross-section vaiues for soﬂi and 61N1 were obtained as 52 and 40 mb,
respectively. Taking into account the 3 isotopic composition of the various stable
nickel isotopes, an (n,a) cross-section value of 100:10 mb was obtained for na-
tural nickel. Though the value obtained by the counter telescopic method of de-
tecting charged particles [17] is somewhat higher than the other values, in ge-
neral the agreement between the various values for nickel is good. Such compari-
sons emphasize the role of radiochemical measurements and cross-section syste-
matics, especially in those cases where the cross sections are low and thus dif-

ficult to measure via mass spectrometry or on-line detection of charged particles.

For neutron energies below 14 MeV, especially in the region of 5 to 10 MeV, re-
cently a comprehensive programme of a-emission cross- section measurements has
been initiated at Geel and some data have already been reported [15]. Further
measurements should provide a very useful data base for calculations on helium
gas production in structural materials.

At neutron energies above 15 MeV, most of the investigations so far have been
limited to (n,xn) reactions. Though some measurements on (n,p) and (n,a) reactions
have been carried out in the energy range of 15 to 20 MeV, using mainly the acti-
vation method (cf. [19]), the available total information is still scanty.

Recently we reported some activation measurements on (n,2a) reactions induced by
high energy d/Be break-up neutrons {11]. The results show that in spite of the
relatively high excitation energy involved, in the medium mass region the emission
of two a-particles is a rather rare process.

Theoretical analyses of the 14-15 MeV data tend to show that the (n,p) reaction
is best described by the statistical model incorporating precompound effects. At
higher energies the hybrid model has been quite successful in defining the (n,p)
cross section. In the case of (n,a) reactions at 14 MeV and higher énergies, nore
direct processes have been postulated than in the case of (n,p) reactions, espe-
cially in the region of rare-earths, where the knock-on model seems to give the
best fit to the experimental data. The angular distribution data for the (n,d)
reactions have been generally fitted Ly the DWBA-calculations, suggesting thereby
the predominant occurrence of direct processes, probably proton pick-up.

n,n' and (n,n'a) reactions

The sequential emission of two or more nucleons _: which one of the emitted nucleons
is a charged particle is not well understood. The activation technique gives a sum
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of (n,d), (n,n’p) and (n,pn) reaciion cross sectioms. Though the direct detectioa
of emitted charged particles distinguishes betweea deuterons and protoms, the
relative c atributions of (n,p) and (n,n’p) reactioms can be cbtaimed oaly by a
detailed theoretical analysis of the energy and angular distributiomns of the
emitted protons. So far the mass spectrametric technique has not bees applied to
the study of total proton emission.

The trend in the [(n,d)+{n,n'p)+{n.pn)] cross sections at 14.7 MeV based on data
measured at Jilich [18] for about 25 target nuclei is showm in Fig. 2 and compared
with that for the (n,p) reaction [16]. It is apparemnt that for many light mass
nuclei the [(n,d)+(n,n'p)+(n,pn)} ] cross section is comparable to the corresponding
(n,p) cross section. For those nuclei, after the emission of a neutron competition
between neutron, proton and y-emigsion sets in. Since in many of those cases the
proton binding energy is smaller than the neutrom binding energy, emission of a
proton is favoured over that of a neutron. This results in a higher cross section
for the (n,n'p) proceas than that for the (n,2n) procsss.
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Fig. 2 Systematics of (n,p), (n,d) and [(n,d)+(n,n’p)+(n,pn)] reaction cross
sections at 14.7 MeV. The trends in the (n,p) and [ (n,d)+(n,n’p)+(n,pn)]
reaction cross sections are based on radiochemical measurements done at
Jitlich, that in the (n,d) cross sections on magnetic quadrupole spectro-
metric measurements carried out at Livermore.

The trend in the (n,d) cross sections at 15 MeV, based on data reported from
Livermore (cf. [12,13]), is also shown in Pig. 2. Por nuclei with A\30 the (n,d)
cross section is small compared with the [(n,d)+(n,n'p)+(n,pn)] cross section. The
sequential emigsion of a neutron and a proton is therefore more favoured than the
emisgion of a bound deuteron. In the medium mass region, however, the (n,d) cross
section almost approaches the sum of the (n,d), (n,n'p) and (n,pn) cross sections.
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This shows that in that mass region the (n,n'p) and (n,pn) processes are much less
probable than that involving the emission of a deuteron (probably via proton
pick-up).

At energies other than 14-15 MeV very few measurements on (n,n’'p) reactions have
been carried out; the only recent study deals with fission neutrons for which the
[(n.,d)+(n,n'p) +{n,pn) ] cross sections are very low [3].

As far as the (n,n'a) reaction is concerned, the activation technique has an ad-
vantage over the direct charged particle detection and mass spectrometric tech-
nigques since the latter two methods yield experimentally a sum of the (n,a) and
(n,n'a) cross sections, the individual contributions of which can only be obtained
by an analysis of the emitted c-particle spectra. Our activation measurements at
14.7 MeV show [1] that in the medium mass region the contribution of the (n,n’a)
cross section amounts to between 10 and 15 8 of the (n,n0) reaction cross section.
At higher excitation energies, however, the (n,c) and (n,n'a) cross sections are
comparable [11].

Evidence seems to be growing that in reactions like (n,n'p) and (n,n'a) neutron
emission precedes charged particle emission. Though statistical model incorporating
precompound effects has been used in some cases to define those processes, due to
the paucity of experimental data such calculations have as yet not been put to
rigorous tests.

(n,t) and (n 330 reactions

Except for the (n,t) reactions on light mass nuclei, the cross sections of these
two types of reactions are small and relatively difficult to measure. We carried
out extensive studies on (n,t) reactions by the activation technique using both
measurement of the residual activity and critium counting. For 14.6 MeV neutron
induced (n,t) reactions we reported (cf. [4]) phenom 'nological formulae which
describe the systematic trend in the cross-section data as well as an observed
isotope effect. Recently Sudar and Csikai [8] measured (n,t) cross sections for
six odd mass target nuclei. Since those cross-section values are by an order of
magnitude higher than the trend suggested by us, the existence of an odd-even
effect was postulated. A recent activation measurement of the (n,t) cross section
for the odd mass target isotope 1‘1Pr by Csikai and Chouak [20] and our normalized
value for the same reaction [4], however, are in agreement. Though the cross-

Wipr is higher than the trend reported by us [4], the occurrence

section value for
of such a strong even odd effect as suggested by Sudar and Csikai [8] is not

definitely proven and further studies in this direction are needed.

We also investigated the (n,zﬂe) reactions at 14.6 MeV using extensive radiochemi-
cal methods (cf. [2)). The trend in (n,JHe) cross sections is similar to that for
{n,t) cross sections; in absolute terms, however, the (n,JHe) cross section is by

an order of magnitude smaller than the (n,t) cross section.

The (n,t) reaction has been recently investigated at Jiilich at high incident neu-
tron energies as well (cf. [5,63). The results obtained using both tritium counting
and y-ray spectroscopy of the activation products are shown in Fig, 3. It is evi~
dent that cven at high incident noutron energies the (n,t) cross section is
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significant only for very light nuclei; for nuclei with A>40 the (n,t) cross
section is small and is relatively independent of the target nucleus. Furthermore,
a4 comparison of the activation and tritium counting data shows that the emission of
a bound triton is much less favoured than the emission of three unbound nucleons.
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Fig. 3 Cross sections of nuclear reactions induced by fast neutrons (produced

via break-up of 53 MeV deuterons on Be) plotted as a function of Z of

the target element: (A) o(n,xt) obtained via tritium counting,

(B) o[(n,t)+(n,dn)+(n,n'pn)+(n,2np)]} obtained via y-ray spectroscopy of

the activation products [5,6].
Oour recent measurements on the (n,3He) reaction at high incident neutron energies
incorporated both the activation and mass spectrometric techniques [11]. Similar
to the (n,t) reaction, even at the relatively high excitation energy, the emission
of 3He particles constitutes a relatively weak reaction channel. The ratios of 3He
to 4He emigsion crows sections determined using the two techniques were found to be
identical and are shown in Fig. 4 as a function of 2. This observation seems to
indicate that the emission of a bound 3He particle is favoured over that of three
single nucleons. The emission of 3He particles relative to 4He particles increases
with the increasing Z of the target nucleus, presumably due to incteoasing contri-
butions from direct processes in the case of (n,3He) reactions.

The angular distributions of tritons emitted in the (n,t) reactions on light mass
nuclei (cf. several papers from Zagreb) depict that this reaction proceeds via
direct interactions, mainly deuteron pick-up. In the medium and heavy mass regions,
however, since both (n,t) and (n,3He) reactions have been studied only through
integral cross-secticn measurements, little information is available on the mecha-
nism of those reactions. A Hauser-Feshbach analysis of the two reactions suggests
that at 14.6 MeV both statistical and direct processes contribute significantly.
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stopr or 2%mg(n. X) 2'5e mRACTION WBCEARISM

¥.Trzasks, S.Durzyrieki, K.Resek, A.Presifieki I .M. Parkiovies, J . Purkiowties
and ?.2uprefigki
Institute of Beclear Research, Warsew Poland.

Abstract.
Angular distribtutions of ssveral groups of alphs particles emitted in the
2“/!:..1;&/”!. reaction have been measured at & meutron emergy of 18.! EeV.
An attempt hae been made to desride the 2'Mg/n. (y,/2'Ne engular distritution
in terms of the DWBA.

Expa=i=ental dste for /n.alphe/ resctioms on target muclei from the o-d
shell are in many caser inconsistent and the conclusions concerning the reesc-
tion mechenism are often contradictory.In view of this situatiom we decided
to extend our experimsntal progrsa for investigation of /a.alphe/ reactions
to include target nuclel from the 20< A < 30 region.Our choice were the three
isotopes of min:“'zs'z‘k.ﬂn first experimental difficultiee connected
with the use of targats containing esocme thorius contamination /which suet have
been introduced in the procese of magnesium oxide reduction with Th / =were
succesfull; solved when Internationsl itomic Eneryy Agency kindly supplied

us with magnsaium targets msnufactured in Oak Ridge.In the ccurse 957 cur mea-
surements the results of the Ttbingen group . 1] cams to our knowleize.Pros a
zood quality data on the angulsr dietributions at a resctiom energy sround

14 MeV these suthors concluded thet both direct and cospound mucleus wechenisms
have comparabie comtributions to /n, Xq/ cross sections on the magresiua ieoto-
pes.%e have found it desiradle to obtain informatiorns on ihe mechanisz of these
reactione at higher in<ident neutron energies.

We present here our first results obtained for 2‘lx/n.a1ﬂu/212 reacti-
on at 13.1 HeV.A self supporting foil of msetallic m-tm,‘lqlc-z.om—ielnd
to 99.94% in 2‘!;; vas bombarded by neutrons from 1/d.0/%Fe reaction induced
by 2 NeV deuterons.A single N E,. A E,.E counter telescope was used to detect
reaction products and three dimentional dsts we:e stored event Dy event in e
magnetic tape and then analysed off line by a coaputer.Angular Aistributions
obtained for the 2‘Ig/n.alﬂn/21lo reaction for several alpha particle groups
are shown on fig.1.The solid lines represent fit with lesenire volynozials.

Aa the first step of the analyeis of the rasction we have made an attempt
to apply the DFBA method sssuring the direc? pick-up of 3!!0 cluster.fere the
results of calculations are presented for the angular distribution of the two
non resclved alpha particle groups corresponding to the transitions to the
ground 3/2%end riret excited 5/2* etates of final nucleus.The sllcwed bound
states of the 3!0 cluster and the 21'0 core forming the 2‘!(, nucleus are 2D
snd 2!)5 /2 Tesulting in the angular momentua transfer Ls2 and Ja=3/2 or S/2
regpectively.The bound state wave functions were calculated aseigenfunctions

of real SaxoneWoods potentiel with the depth sdjusted to repr~duce the semra-
tion energy of e and geometricsl perseeters.as commonly used Rs1 .25/A1/131/?
ap* :20.65.A9 no experisental date on the n-2*Mg elsetic scattering at 19.1MeV
ars 1vailsble, the optical sodel potentisl in the entrence channel has been
taken in the form given by Wilsore and Rodgmon [ 2] .
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We have checked that this potential provides a good fit to the 14,6 MeV elastic
scattering data of Bjorklund et al. [3] « The excit channel opticeal potential
has been taken with the parameters obtainmed by England et al [4] froa the
analyeis of the x~2Ne elastic scattering data st 20.2 NeV.

Table I
Optical model parameiers used
— for the DWBA calculations.
~ 30|
T3 -,
:5 [ v ~47.62 -194,0
£ 20 rg o3 1.1
- N\ agg  0.66 0.814
Sl \/ e o
aoI * L ]
g - + +\/ rq 1.3
-+ +
L i Energies in MeV
0 60 120 180 Lengths in fa
(DEG)
GC.M.

Fig.z.z‘ngular digﬁribution of the transition

group Ilg/n.ao /€ Ne at 18.1 KaV. The curve

represent the J-uult of a finite - range DWBA
calculation.

The DWBA calculations have been performed using finite - range DWBA code LOLA
[5] . The results of cslculstions are compared with the experimental deta in
tig 2. The normalisation as shown in fig 2 has given the value for spectroscopic
tactor of S /24yg . Jues2'Ne/ equal to 0.22. A rather good agreement of the
experimental and calsulated distributions wmay suggest that the 24Hg/n.«01/21No
reaction direct effects play an important role at Bnﬂs MeV,

We are greatly indepted to the International Atomic Enengy Agency for supplying
us with targets of separated magnesium isotopes.
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MLASUREMENT GOF THE ANGLE-INTEGRATED SECONDARY NEUTRON SPECTRA FROM INTERACTION
OF 14 MEV NEUTRONS WITH MEDIUM AND HEAVY NUCLEI

A. Chalupka, G. Staffel, H. Vonach and F. Wenninger

Institut fir Radiumforschung und Kernphysik der Usterr. Akademie der Wissen-
schaften, Wien, Usterreich.

Abstract

The angle-integrated secondary neutron spectra from interactions of 14.1 MeV
neutrons with 17 elements in the range Ti to Bi were measured over the secondary
neutron energy range 0.5 - 6 MeV witih special emphasis on obtaining reliable and
accurate neutron production cross-sections in the low energy region (0.3 - 1 MeV)
An overall accuracy cf 5 - 7% was obtained over most of the investigated energy
ranges. The results are in good agreement with the predictions of statistical
model calculations and in the neutron energy range above 1.5 MeV also with other
recent measurements; in the lcw energy range there are still large discrepancies
between the results of different measurements.

Secondary neutron spectra from the interactions of 14 MeV neutrons with nuclei
have been investigated in a considerable number of experiments (1 - 7) and
reasonable agreement on both the form of the spectra and the absolute neutron
emission cross-sections has been obtained in the neutron energy range above

about 1.5 MeV. The low energy parts of the seconlary spectra, however, are rather
poorly known in most cases due to experimental difficulties especially with n-y-
discrimination background and multiple scattering at low secondary neutron ener-

gies. An excess of low energy neutrons compared with the theoretical predic:ions
has been observed by a number of authors ,/1-4/ whereas Salnikov and co-workers
/6/ found much smaller neutron production cross-sections and also a measurement
on iron at our institute /7/ did not show any indication for abnormally high low-
ernergy neutron-production cross-sections. Therefore new measurements have been
performed at our institute to determine those spectra for a larye number of
elements.

Y W o Yo

D~Beam
1000 ___..F. 9z ."‘. 250-"4— 390 —"

sample

Gl Pb-Shield Photomultiplier
TX7] NE 213 S Apertures

Fig. 1. Ekxperimental set~up for measurement of the angle-integrated low energy
parts of the secondary neutron spactra from the interacticn of 14 MeV neutrons
with nuclei (Tritium target is located in the center of che scattering sample)
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Fig. 1 shows the experimental set-up. Pulsed neutrons are produced by means of
the 250 keV Cockroft-Walton accelerator of the institute in an extremely small
low mass TiT target construction. The scattering samples (hollow cylinders) sur-
rounded the target and the neutron time of flight spectrum is measured at a dis-
tance of 1T m by means of a NE213 (1.5 x 0,5") scintillator.The scintillator is opera-
ted at a very low threshold (equivalent to about 200 keV proton recoil energy)
and a pulse-shape (PSD) method is used to discriminate between neutrons and pho-
tons. As reported e€=rlier /8/ the appli‘ation of the PSD method is possible down
to the very low threshold. Time of flight, recoil proton energy and pulse-shape
detector output for each event is recorded on disc in order to enable optimal
off-line analysis with respect to n-y-discrimination and background reduction.
Both the direct neutrors ané the neutrons from inelastic scattering and (n,2n}
reaction are detected simultaneocusly in the NE 213 detector and thus ahsolute
production spectra can be der.ved directly from the measured time of flight
spectra, the target sample geometry and the enercy dependence of the detector
efficiencv. The latter 1s determined at low energies (0.3 - 6 MeV) Ly means of a

252Cf calibration measurement, whereby the TiT target is replaced by a fast ioni-

zation chamber containing a 252Cf source. The special low mass chamber developped
in this way exhibits a time resolution of about 0.5 nsec and an efficiency of
acout 99% for detection of fissica p:roducts /9/. For 14 MeV neutrons the scin-
+. .lator is calibrated by means of the well-known I‘.l(n,a)z4 activation cross-
secticns. The raw tlime of {light spectra were aralyzed and transformed into ener-
gy differeniial cross-sections in the followirg way:
v} Eli~.nation of y-induced C(vents:
(~induced events were eliminated with minimum loss cf neutron events by ad-

witting ounly pulses on appropriate region of the E -PSC plane. All

255 recoil
spectra including the Cf calibration spectra were treated ir exactly thre
same way. Thus the efficiency determined with the 252Cf measurement takes

care of any neutron loss resulting from the v-rejection procedure. As on

the other hand inclusion of y-induced events constitutes a source of syste-

matic error .hich is difficult to correct for, considerable loss of neutrons
was admitted in the low-energy region in order to get sufficient y-rejection
down to the lowest recoil pulse heights ircluded.

2) Considerable reduction of background due to room scattered neutrons was
achieved by admitting only pulses from that region of the Erecoil-TOF planc
which is physically allowed for neutrons originating from target and scat-
tering sample. Especially in the low neutrcen energy region a background
reduction of about a factor of 2 could be obtained in this way.

3) Background st ‘“traction:

After execution of step 1 and 2 on all measured (sample-in and sample-out)
spectra background subtraction is performed by subtracting from each sample-
in spectrum an averaqge of the background spectra measured before and after
the respective measurement., In this way the cffect of bujild-up of DD
neutrons in the target is essentially eliminated. Background spectra are
renormalized relative to the sample-in spectra by means of the intensity in
the 14 MeV time of flight peak taking into accrunt the small (1 - 3%) con-
tribut.on of elastically scatt::ed neutrons tu the 14 MeV peaks in the

sanple-in spectra. The above pros.dure assumes that the background can be
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determined from the sample-out measurements and is not changed by putting
the samples around the target. This condition is certainly not strictly
full-filled, however, as inspection of the spectra shows that it is a very
reasonable approximation. In the time region beyond the time of flight of
the slowest neutrons detected, where only background neutrons can contri-
bute also in the sample-~in spectra, intensities in the sample-in and
sample-out spectra were found equal within about 2%, if normalized to each
other as described before. Thus it was considered safe to take care of the
uncertainties in the background subtraction by assigning a systematic error
of 1.5% to the normalization factors used in the subtractions.
Fig. 2 and 3 show the results of these data reduction procedures for both a
sample-in and a background measurement. For technical reasons only every tenth
pulse was recorded in the upper parts of the time of flight spectrum (above
channel 690) containing the 14 MeV peak thus there is corresponding discontinuity
in the time spectra of Fig, 2 and 3 at about channel 690. The broad peaks at the
right edge in the spectra of Fig. 2 and 3 are due to DD neutrons originating from
one of the apertures (see figure 1).
Fig. 4 shows the resulting background-subtracted in time of flight spectra (dif-
ference between Fig. 3b and 2b) and Fig. 5 shows the 252Cf time of flight spec-
trum used for the detector efficiency calibration.
Finally the reduced background-subtracted time of flight spectra were transfor-
med into energy spectra onM(E) using the efficiency values derived from the

252Cf experiment for the secondary neutrons and the 14 MeV efficiency value. The

[
resulls of the evaluation of Grundl and Eisenhower /10/ were used for the 2J2Cf

neutron spectra and the values of vonach et al. /11/ for the 27

Al(n,a) cross-
sections. Corrections for attenuation of the primary and secondary neutrons in
the sample and for the contritution of doubly inelastic scattered neutrons were
applied to all spectra., Neutron emission cross-sections ch(E,E') calculated by
means of the code STAPRE /12/ were used in the double scattering calculations,
Finally the cross-sections were averaged over suitable neutron energy bins
(either 0.25 or 0.5 MeV) and the errors of these group cross-sections derived

by guadratic addition of the statistical error and the estimated contributions
from all recognized sources of systematic error. The following error contribu=~
tions were taken into account: statistical error including the statistical error
of the 252Cf measurement for the efficiency determination, error of the normali-
zation factor used in background subtraction, uncertainty in the used form of
the 252Cf neutron spectra and in the absolute strength of the source used, un-
certainty in t'+ 14 MeV efficiency and uncertainties of the absorption and double
scattering corrections,

Secondary neutron spectra were measured in this way for the elements Ti, Cr, Fe,
Ni, Cu, 2n, 2r, Nb, Mo, Ag, Sn, Ba, Ta, W, Au, Pb and Bi, Due to lack of space

a complete presentation of the result is not possible in this report. Thus only
results on 6 elements (which are however typical for the whole data set) are pre-
sented in figures 6 - 11, In these figures the results of this work are compared
to nuclear reaction calculations and the results of other measurements.
Calculations have been performed using the code STAPRE /12/ based on the exciton
modrl for the precompound part of the reaction and the statistical model inclu-
ding full angular momentum and parity conservation for the equilibrium part of



the reaction. All calculations shown were performed using standard parameter
sets with no parameter adjustment to the specific cases.

In detail the following parameters were used:

Optical model parameters: The potentials of Perey-Buck /13/, Becchetti-Greenlees
/14/ and Ruizenga and Igo /15/ were used for neutrons, protons ard c-particles
respectively.

Level densities: Back-shifted Fermi-gas Parameters of Dilg et al. /16/

Gamma widths: The energy dependence of the gasma width according to giant reso-
nance to the model of Axel /17/ with absolute values fitted to the measured
average y-width at the neutron binding energy /18/

Precompound matrix elements: Precomposund matrix elements were adjusted to result
in a transition rate of 5.10-21 ! for the transitions from 3 to 5 exciton
states at an excitation energy of 21 MeV.

Numerical data for the results of Hermsdorf et al. /5/ and Salnikov et al. /6/
were taken from the EXFOR file, the data of Schectman and Anderson /1/ were read
from the figures in their publication. The results of Mathur /2/ and Kammerdie-
ner /3/ were not included in the comparison as the accuracy cf those data is
rather poor compared to the other data discussed above.

Although the figures for the different elements dc: show some differences with
respect to the comparison of the various data the following general statements
can be made.

sec

1) Above about 1.5 MeV there is reasonable agreement between all measure-
ments,

2) Below 1.5 MeV our @data do not confirm the high neutron production cross-
sections found in ref. 1 - 4, but show in all cases that the spectra
do have the theoretically expected form; in general they are in fair
agreement with the results of Salnikov et al. /6/ although for some ele-
ments (not shown in fig. 6 - 11) the data of ref. 6 seem to be somewhat
too low at the lowest energies.

3) Our data for Fe are in excellent agreement with the results measured pre-
viously at our institute /7/ using a quite different experimental set-up
and all of our spectra do show a very smooth behaviour as function of A
resp. Z, confirming the consistency of our measurements.

4) There is a good overall agreement between our measured neutron production
cross-sections and the results of the STAPRE calculations using no free
parameters indicating that such calculations may be used to predict un-
measured neutron production cross-sections with an accuracy of better
than 208, Fig. 7 for copper shows an apparent exception. In this case,
however, the discrepancy to the calculated values is probablf due to the
neglect of the (n,pn) contributions to the theoretical spectra which are
negligible for all elements shown except for Cu where this cross-section
is large for 63Cu and by further calculations this point will be investi-
gated quantitatively.

The authors gratefully acknowledge the help of Dr. G. Stengl in the development
of the electronics and of Dr., K. Hangjakob for doing most of the Stapre caltu-~
lations and the financial support by the Jubillumsfond der Usterr. Nationalbank.



29

)\ )
]

Y -
o¥ e
) v et ) v R
o - m - CGowel —o o e W BB G
& g &8 W @ ginvi — & e 8 W W i) —»

Fig. 2. Background time spectra cbserved with experimental set-up of Fig. 1.
a) run time of flight spectrum
b) same spectrum after elimination of y-induced and kinematically forbidden events
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Fig. 3. Time spectra with iron scatterer around TiT target
a) run time spectrum
b) same spectrum after elimination of y-induced and kinematically forhidden events
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INVESTIGATION OF NUCLEAR REACTION MECHANISM IN 3.4 MBV-REUTRON SCATTERING ON
2p-1£-SHELL NUCLEI

Mohamed+.A.H.,T.Schweitzer,D.Seeliger and S.Unholzer

Technical University Dresden,GDR

Absolute differential cross sections for elastic and inelastic scattering of
3.4 MeV neutrons are presented for V-51,Mn-55,Fe-56,C0~59.The theoretical ana=
lysis of angular distributions in the framework of a simple but absolute reac¢-
ion model results in good accordance between theory and experiment.Direct
reaction contributions are detected in this low energy region and can be attri-
buted to the direct excitation of collective(vibrational) degrees of freedom
in the nucleus.Por all calculations as DWBA,Coupled Channels,Hauser-Feshbach-
theory one set of generalized optical model parameters has been used.

Introduction

This work is part of systematical investigations of nuclear reaction mechanism
in 3.4 MeV neutron scattering.Measurements of differential cross section data
for elastic and inelastic neutron scattering by TOF-experiments have been
carried out in the last years onr the pulsed beam(d,d)-neutron generator of the
Technical University Dresden/ 1 /.The physical analysis of neutron scattering
on 2s~-1d=shell nuclei is closed and results rhave been vartially published/ 2 /.
What is the aim of such investigations and which problems occur in analysis?
One reason is to test statistical and direct reaction theories near the limits
of their aovplicability.Low level densitiec in the compound nucleus,low energy
apniication of direct reaztion theories require a careful analysis,and there
must be strong resirictions in the numter of fres rarameters to ret prysiczl
results. cehind that, such tests can be also of practical importance,because they
give irstructions for nuclear data evaluations,
Further are the quest of direct reaction parts in this low energy region and
the investigation of nuclear reaction mechanism of fundamental physiecal inte-
rest.We remember,that the inherent physical interest to understand the nuclear
reaction mechanism from a more general point of view/3-6/ was emphatiecally sti-
mulated in tne last ten years by experimental evidences for direct reaction
contributions in neutron scattering experiments below TieVe.
In spite of progress this problem is not closed today,so that we have not any
general reaction model to solve our problems.Limited models,based on direct and
statistical reaction parts,must be applied in this matter.Coherence effects
can not be excluded,and we must minimize the number of free parameters in this
theory, and take care for physical reliability.
An alidit.onal point-not unessentially-is the production of more exact nuclear
data for Fast Breeder and Fusion Reactors.The energy region is of interest,and
the nuclei of investigcations are components of structure,cooling and shieldine
materials for such reactors.¥We belicve,that systematic experiments enable us
to reduce experimental errors in the most simple way.Some ~ystematic errors
for example as in neutron source strength or detection efficiency are the same
for 211 measurements in such experiments and can be separated.
Physical results
The analysis of angular distributions of neutron scattering on nuclei with
low lyinz discrete levels rives pussihilities to test the common idea of reac-
tion mechanisp ‘n the two extrem€cases of either statistical or direct nuclear
*,i0w Kairo-University,Egypt
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reaction.In simplification we expect a pure statistical reactisn to be symme-
tric around 90 degrees in CM-system contraray to the direct angular 2istribu-
tion,which shows a more diffractional structure.

Wit this experience and with the exspectatior that direct excitalica of lov
lying collective states gives measurable contributions,we have adsolutely
ceasured the angular distributions of elastically and inelasticaliy scattered
neutrons from a number of 2p-1f-shell nuclej.This shell is a recion of vidbrati-
onal structure of low lying excited nuclear states.what is easy to see froa the
eguidistant level spacing for the first excited 2° ard g* levels.

¥e have used in our calculations the ‘lauser-FPeshbach Compound Reaction ¥odel
{¥FC)/7,8/with Moldauer-Corrections for level width fluctuatiors anc for the

direct reaction part DWBA-theory and the Couplad Channels Method(CCTC)/G/.
Applications within the bounds of these models are standarl teckrigues and

yield a description of experimental data,which is succesfully.lr. our interzedi-
ate situation,where not only compound but also direct reaction parts are exspec
ted,a simple reaction model was used of incoherent superposition of direct ard
statistical reaction partse.
- HFC DIRECT
46 = 46  + _4&
dR R daR

We nave zale the following assumption. for physical consisterncy:

only one set of generalized optical model parameters for sll nuclei az? for
all used rcaction models,

3~deformation paraceters from reliable literature vzlues

We do not fit treory to exzerimertal data.¥ith that _.ssumptions we have nct
any free parazeter ir our thecry.We comnare our absolute data with an .bsolute
reaction model,
ifew examples are given in the followirng figures to show the quality of analy-
sis and the usefullnecs of the reactior =edel.
In fig.1a,b we five the low energyv nuclear structure of Fe-S6 ard Co-59 for
arrument of the coupling modes.The 2*-one qua‘.ru;.ole-pronon-state(esg-state}
and 4*two gp~state are tre first remhers of the quasi ground state tard in
Fe-56.%e explain thze Co0-59 structure to he caused bv weak coupling of a f7/2-
croton-hole to the first vibrational 2*ore ap-state of the neighbourir~ evern-
even §i-60.With ar equidistant level sracing(2*one gp-state 1t 1.33 eV,4*two
v L gp-state at 2,62 MeV)t:e Ti-6D -

L s :: ::: stucture is markc3ly vidratioral
27 158 (£ig.1c).Second 0’ard 2*-states
?’:; are the otrer members of the
1 ’ two gp-triplet and heads f¢:- 3-
. :-%: ! 438 or g -vibrational bands.Coupling of
U — 44 L.i/0m © 2*zives J -values:71/27,
3¢ e Y $/2°,7/2",9/27ane 11/2” for exci-
. » 6o ted states in Co-59,w-ereat t-e
¢ - mean energy value of the fir~t 2°-
“F'I“ - “(.u “~.” gtate in Ni-60 wil! he reached in
o 11 o* the frame of weak coup'ing model.

)

)
fire1 ﬁuclearﬁhevel sequence ot‘&ow 1ying Trat can rourhly bz seer also from

excited stgtes for Pe-56 a),Co=59 h) rnd s A P
.60 2).J -values,excit.enérnies are given fig.1b,coThe direct oxciiation of


http://succesfully.lt

the quasi grcanéd state bend is the most stroagest,gnd 2irectly coupled states
can differ in only one gquadrupol phomtm mmber.This are the msin snppositions
of our coupling modes.

Por calculatio s we have used the following ~omputer codes:

AFC-code BLISA/10/,CCC-code CTHUCK/11/,DWBA-cote DWIKX/11/,

Our optical polential is a local potential with imeginary surface pert,spin-
orbdit part snd Wood-Saxom formfactors.lor all calculations we used a rererali-
zed optical parsmeter set(GONP) /12/.

Experimental and calculsted angulardistridutions are showm for Pe-56 and Co-59
in fig.2 and fig.3
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.2 Experimentil angular distridution of elastically (a) ard inel-zticallr(d)
scatiered 3.4 MeV neutrons vn Fe-56 and theoretical analysis by inco:erent
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A systeratic error of 8% in normaliza-

“""ﬂﬂ_"mugéy{“‘“""Juﬂﬂﬂtnnsn} tion,which is the same for all measu-
g | sowr protam T ring points,is not marked.Excitation
w cce (nremimr-sir vz : energy in MeV and J -values of nuclear

!

levels are given in parentheses on top

) wetucod
R i 2 =, | of figures.Coupling modes and B8-defor-
B e " ; mation parameters can also be found
L 8 ? here.
’Efnhur The general accordance between theory
o and experiment is very well with regard
. to the very hard demands and the simpli-
) Sl e T T city of tha reaction model.
, cec”
T e e T T
‘Eu/"‘

c

sgperposition of HFC-reaction part and
coupled channel (CCC)-reaction part.Un-
resolved levels are given in braces on
top of figures.Single HFC~-and CCC-parts
are then summarized indicated by ,where
the upper index characterizes the contri-
buting levels.
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WCCNENOBAHMA B3AAMOIEACTBUs BuCTPHX HEMTPOHOB CO CPETHUMA ¥ TANENHMA AZIPAMK B
WHCTUTYTE ANEPHYX WCCHENOBAHMA.

U.4.bapuT
HucraryT azepnux uccaenoanai AH CCCP, Mocksa.

ABEOTanHA

O6CyxanTCA IKCNEPUMEHTANbHHE NIaHHNE O CEyEHHWAX BO3CYXNEHAA NEPBHX YPOB—
meyi 2t y YETHO-YETHHX fii€p Npd HEYNpYyroM pacce:HWM HEATPOHOB HM3KOR ameprum, a
Takme 0 B3ammozefcTsMm HefTpPOROB ¢ 2HEpPrAAMA OkoAO I7 MaB ¢ “aoromamm CBMHARA
206?3 | 207 PB. [l0Ka3saHo, YTO OCOGEHHOCTH NOBEACHHA CEYEHHR MOryT GHTH OGBACHE-
Hil 3(EeKTaMH NpoMexyTOYHHX PE3OHAHCOB.

C uensD MOMCKA HECTATUCTAYECKHAX S(JeKTOB npHM B3aMMOZECHCTBHM HEUTDPOHOB C
filpaMy GHIO NPEANPHAATO IKCNEPHMEHTANLHOE HCCJCNOBAHUE HEYNPYIoro pacceslnis
HelTPOHOB MEraaneKTpPOHBOABTHOR 3HEPTME HA cPepuyeckux sAxpax. Kpome TOro, Cun
TaKEE INPEeANpAHAT AOACK NPOMEXYTOYHON CTDYKTYypH THNA H306ap-aHAROTOBNX COCTOAHKE
(MAC) B HellTPOHHMX CEYCHHAX INA TAAENNX AZEP BCAN3M 3IaMKHYTHX 060n0YEK (M30TO-
fIH CBAHNA).

B.A.MonoB u zp.[I) 4amepan® aHepreTAYECKYD 3aBACHMOCTH CEYEHMHt BO3CymAE-
HAA nepBux yposme# 2% M HEKOTOpHX Gonee BHCOKMX ypOBHEH UETHO-YETHHX AAEP OT
nopora BO3CYyRACHASA YpOBHA 1O HECKOJBKAX COTEH K3B HanX HMM C paspemeHHEM MOpax-
ka I0~I5 k3B B oO6nacT¥ Maccopux uucen 40-200. Ceuenne HEYNpyroro paccesiHus M3-
MEDANOCH NO BHXOAY U -H3NyYEH#s, CONPOBOXAANMErO HEYNpPYyroe paccesHue FiHTPOHOB.
JKcnepuMEeHTanbHuE maHHHE ANA PyHKuMit BO3GyxA€HAs CpaBHUBAIMCEH C pacyeTaMu IO
craTucTHyeckolt reopar Xaysepa - demCaxa C yyeToMm nonpaBKM HA (QUYKTyauuo LUPHH
({He3aBHCHMHE KaHaiW)(puC.I). IlpoBemeHHOE CpaBHEHMe (pUC.2) MOKA3HBAET, HTO
pasnuude MexAy pacyeTHHMM U IKCMEPUMEHTANbHHMHM CEyecHUsAMA 117 BCel MccnenoBaHHOH
0o0nacTH finep B GONBUAHCTBE CAyuyaeB HE BHXOZMT 3a Npefenn 304, €ciad B pacyere
MCOonbayeTca onTruecKuit noTesuMan ¢ eXMHEMA napameTpaMd. UCHINUERHE NpeacTaBAA-
a4 fanEne aaa #3oronod (3@ B Se s IKCNEPUMEHTAIBHNE CEYECHHR IR KOTOPHX 3HAUM-
TENBHO (X0 2 pas) npepHmAnA pPacyEeTHHE BENMUMHH ¥ B MEHbuelt creneHy xns M3OTONOR
Ry v Pd (pc.?). Huxakum BHGOpOM MOTEHIMANa ¥ €ro N2paMeTpOB HENMB3A ONMUCATH
BKCIEPAMEHTAIBHNE JAHHHE AIA H30TONOB (e +Se » Ru ¥ ‘Pd + COXpaHfr BOIUOX-
HOCTH TAKOr0 ONMUCAaHMA ANA OCTajiBHNX fnep.C TOYKH 3peHHa CTaTHUCTHueCKof Teopun
3TOT pe3ynbTAT CBUAETENBCTBYET O KOpPpENAUMM WHPHH BXONHKX W BHXOZIHNX KaHaJOB.

JYeT CBA3K BXOAHHX K BHXOZAHNX KAHAIOB MOXET GuTh pelieK B paMKax ofoGueHHoM
onrhyeckot moxenu, B,..[JoNOBHNM ¥ Ap, OHAM BHAOAHEHH PACYETH NDAMOIO CEYECHUA Me-
TOAOM CBA32i{HHX KananoB INA BUCDPATMOHMOR MOZEnH, a TaKEe GNYKTYAUWOHHOrO ceye-
H4A anA uaoronos Ge # Se . Ina BuuncaeHus yKTyau#oOHHOrO CEYEHMA B ITOM Ciay-
yae 4crnojbp3oBanach wertonuxa Xodmara ¢ np.[?], NO3BONANNAA €r'0 paccyuTaTh B Npu-
CyTCTBHM NPAMOro npomecca. CpaBHEHME pe3y/abTaTOB pacueTa ¢ 3KCNE PUMEHTA bHHMM
RaHHHMA TOKa3wBaeT (pAc.I), YTO yueT CBA3M KAHANOB B OAHOPOHOHHOM NpUCINXECHKH
He3HayATeNbH0 BAHMFET HA BEIUYKHH CEYEHHA Heynpyroro paccesuus. JBYXPOHOHHOE
NpRONMEERNE NPUBOAAT K XOPOWEMY ONMUCAHMM 3KCLEpHMEHTanbHuX CeyeRuit. CUnoBue
DyHKOUA B OCOMX MPHOIHXEHHAX OMUCHBAWTCA YAOBAETBOPATENBHO., BKIax B ceyeHue
npoueccoB, BH3IHBAGMHX CBA3BK KAHANOB, YMEHBUAETCH KaK C YMEHbUEHWEM, TaK U C
yeenuyenueM A, Manue aHayeHMSA \A/ YKa3WBaNT Ha T0, YTO B pacCMAaTpPUBACMOM Ciyyae
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NOr7iomMeHde WZET B OCHOBHOM 4€pE3 BO3CYXNECHAE CUIBHO CBA3BAHHHX KOJINEKTHBHHX CO-
croamit. Biulad npaMoOil peakgMM B CEYEHHE HEYNpYyroro paccesnus cocrtasnafer 30%h.

XapaKTep 3aBUCHMOCTH pacyETHHWX NapuAaAbHWX CEeYeHUd AJA OT7EeNbHHX KaHaa0B
peaxudl oT aHEpruM M vX BHCOKaA YYBCTBUTE.UBHOCTH K BejauyudHe nefticrsaTenbHOl
YyacTA NOTEHOUWana CBAZETENLCTBYET O TOM, YTO B ZAHHOM Cliyyae AJA BXOAHHX HKaHa—
J0B C OpGATATBHUM wouenToM £ =I B 2 BOIHMKAET MpPOMEXYTOYHAS CTpYKTypa cey-Hu#,
[lornas mdpaBa 3TO# CTpyKTypu & I MaB.

AHGNOTHYHLE pACUETH ObiM BUNOAHEHH NJfA YETHO-YeTHux Azep ¢ A = I00-120
(puc.3). Haprny c uccxne.;oBanueM cPepHyecKux axrep OWIM HAYATH UIMEDEHHs AN
ZepopMmpoBanHaX Azep. lonyyend QyHKOouA BOICYRAEHHAS nnﬂjueﬁnpyroro ?&CCGHHMﬂ
HEATPOROB ¢ BO3CyrneHdeM mepeux 4% VpUBHEN #30TONOB 152,1 Lﬁ;", u 58'160(;¢l
BOAXM3A mnopora peakuuit. PacyeTu OWINM BHMONHEHW N[O TOA XK€ CxeMe Kak Zus cepiiue-
CKAX fANep, C Toi¥ pasuMmell, 4TO HCMONB30BANCA NOTEHUHMAN CBA3M AN POTAUUOHHON
wonens. yumtsBanach csasbp cocrosmai 0F,2%,4%. Hacnwmaerca ynomaerBopurensEoe
cornacMe paCyeTa ¢ 3HCNEPAMEHTANbHMMA ZAHHNMUM., BKNAZ npsMOr0 CEYEHAss NpA 2JHEpP-
rax ~ 800 HaB cocrasnset 5-10%.

[louck npomexyTOuYHOM CTPYKTYpH HEHTPOHHHWX CEYEHMU AnH KIOTOHOB CBUHUA H
HeliTpoHOB C aHeprérmy I4-18 Na3B Ouwn BHAOAEEH B padorax B.A.DeHeuxoro u np.[}]
U I.E.BenoBMyxoro u np.{ﬁ].

e :
C 7790 i 700 .
L e e . .
g e . 2 ‘o
| ..--*J'é"". —— T =la . : - .,
AT i P o
C Iz Tl Biip o Se !
7 - N (2] R ::
e . o o0 . - 11
! 4 _’_.,'; o .
/_a'l y,..,f'"" m/‘——— . + . ——t N ,
b - 0 S0 60 70 80 90 M0 H 0 (30 #O0 B0 A
,,5 ,/
R 700 wn e -
Lo ”““ﬂf’”’ Puc.2. OTHOUEHHE BKCTEPAMERTAIBYHX Ceye-
‘ W H4lt Znm nepewx yposue#t 2° x pac-
”{ . . CYUMTAHHEM B NPUCIAECHUN HE3aBUCHMHX KaHA-~

JIOB. + — OTHOUEHUS CeYeHill npy aHepruu
paccesnHux He#rponos- I00 kKaB; ¢ - TO We
npH aHepru¥ 300 KaB.

U 500 800 90y 1200
£, kb

R E.A.bereukuit u ap. usMeprid aHep-
Puc.l. THCNEpUMEHTAs bHHE CEYEHMus

LeaKuAn (W p'y ) ZAn Maono- IETHUECKYW 333“°%5°°T5 ngggoro CEeyeHUH nnd
nos (e ngenncuﬂue 10 MHTEppanNy ¥30TONOB CBHAUA “ 6ps u 207pg (puc.5) 1

aneprad I00 K3B 4 [aCyCTHHE: — B o . \
+ - B ONHODOHOHHOM NpUCHUKEHUN C HAR MNIA €CTECTBEHHOIO CBAHUA HA yraw 459,

= 5 MaB, &4 =B ZIBYXDOHOHH .
k{%cnwmeﬂﬁu c Vb =35§ 138 n {2} a 5b°,60° g 70° 3 “¥HILpEANE 2HEpTU{ OT

éugagoﬁbag §§Yﬁggnguﬂou=n naggfe- 16 MaB 70 I8 MaB.

, B 3HepreTHyeCKOl 3aBUCHMOC .4 MOMHHX
ceyeHult mia 207pg Ha910Ra0TCA ANA HeRTpOHOB C aHEpruawn 16,8 ¥ 17,2 Mab ocoSer~
HOSTH DPEIOHAHCHOTO x. puKTepa. IR W30TONA “-°PB TaK#e OCOSEHHOCTH OTCYTCTBYWOT.
B ah=pTetluecKux sapoavoctax puddeperusanbiux cevyeHult paccedHUa AnAa CBUHMNA
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PRC.3. CKCOEDHMEHTANILHNE ® DACUCTHNE CEYEREA
ANA nepeeX ypommed 27:

-°*=°~ pacyeT B NpUCIUKECHEE HE3aBMCHMHX HaHA-
JOB ;
aCyeT B OAHOGOHOHHOM npucnlleﬂll
f= 51 M3B, W4= I MaB,\Wg= 6 MaB;
pac«er B ABYX OHOHHOM npmmlxennl
¥3B, = I MaB.
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"Sm Eypo267med .

hat ¥ Egp=26/as8 ..i

or u
s |
Cd  Ep-208nsd
(Y] . om e
a2 e
az av 06 a8 0

Enﬂl’

Puc.4, SHCLEepUMEHTANBHHE H pacuezny cequ f
InA poTannoHHKX ypoBielt 4 ;i

¥~ Q?cqer co cxeuo gnaag 0+ -4*. Tipw
3
+ - pacyer co cxeuon gazal 0*-2*-4 npa

V. = 51 NoB, W= 2

TaKEe NPOABAAMTCR ECpEryanp—
HOCTH, NONOCEERNE KOTODMX
KOppeXNpOBARO C PEe3OHAHCHLMN
OCOGEHBOCTsMR B NORHOM Ceye-
BER. 3EavAMOCTh IENOTE3H O
TOM, YTO 3TH HEPEryLRpLHOCTN
O6yCAOBACHN CTATHCTHMYECKHEM
pa3Gpocor IKCNEpPHMEHTAR BHNX
AaHHEX B COOTHETCTBNH C KpE-
repuen CThDACATE HE HpEBHBA—
er I0™3 ana xaxzoro cayvas.

Hanmqze peaonancon B NON-
HOM CEYCHER AXA 07 P» maxoamwr
CBOE NOATBEpXXCHEE NpE COno—
CTABACHMN JHCIEPAMEHTaIBHHX
LAHHHX C pacyeTaMd 1o OnTe-
yerxkolft mozenu. Jlapamerpd,
ONACHBADEAE 3IHEPreTHIECKYD
33BHCHMOCTS MONHOrO CEYEHHA

07ps BO BCEM ECCREZOBARHOM
HATEpBANE, CYLECTBEHHO OTHA-
YauTCs OT OOHENPHHATHX &HO-
MansHC 607bmoM rayGuuof MuM-
MO}t yacTH noTennUana

{19,1 M2B BMecTO 8,6 MaB).
AHOMA,BHO §O/bpilas BeIHYUHA
w ana 207?3 KORET OHTBH
€CTECTBEHHO OUBACHEHa BARAAEA-
€M CHABHHX HEYCPEAHEHRHX pe-
30HaKCOB.

HupEKy HAOADEEHHHX PE3o—
HaHCOB cocTaBaant I190+40 kaB,
a ornomeHKe ynpyro# meftTpom-
HOR WHUPHHL f;p K noaxok ,
OOEHEHHOE N0 MAKCHMyMy peso-
HAaHCHOR 4acTH CeyeHWs, paBHO

¢ "%~ 0.6.

B CBA3H C 3THMM pe3yisTa-
Tamd ['.E.Benosuuxun u 1p. [4 ]
OHNA NpeInpUHATH 3KCNnEepUMeH-
TH N0 NOACKY pPE3OHAHCOB Mpo-
MCEYyTOYHOR CTPYKTypW B peaKr—
nnu 61’\ p) rala #30TOMAax CBHH-

P8 1A Toft xe
ocnacru anepruu ReflTpoHOB
[4]. Peaxumn (M, p) mnenrugm-
UMpoOBaNKCh A0 HaneLeHHOH
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1
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fb ~aKTUBHOCTH. B QYHRUMM BO3Gyx-
ICHNR InA PB He maOnvpaercs
HUKaKUX HeperynapHocreif, KorTo-~
PHE BHXOZUAHM OH 3a nperenn
9KCNEpHMEHTANBHNX OuAGOK (pUC.6).
#3 aTAx mammux cnexyer, urto pe-
30BAHCHAA YaCTh CEYEeHWsi peaKkndn
(n,p ), ecnn takosas mMeercs,
messme 0,1 = 0,5 u6H. Ecim
Y48CTh, YTO PE3OHAHCHAA 4ACTh
ROAROr0 CeyeHWs nopaaka 100 MOH.,
TO MOSHO 3aKIKYUTB, YTO ANA pe-

L] 1

Puc.s.
ge TPOHHOIrO CSYeHUA

Kpusue - pacyer no onruqe-

cxoﬂ MOZEHH.

xoxa npu B, = I7

JHE premqecxaﬂ 333“0“!{’0056 HOJIHOI‘O

30HAHCOB, HAONWZJEMHX B NOJHOM
CEYeHuH, rb4£ < 0,005.

B aHanOrMyHux M3MepeHUAx
Ana ‘B # MHTEpBaJIa 3HEprufl
HellTponos I%,4-I15,0 MaB Ha6nioge-
HO OTKIOHEHME OT PerynspHOTo

Ans

»9-14,9 MaB. [lonoxeHue 0O PHEPrWA ¥ WUDPHHN AHOMATUM cornacyoT-

Cii C NpeaANoNOZCHAEN O TOM, UTO OHM 0013&Hn BO3OYxacHun HAC. [lpeBwuenne sKcle-

PULEHTANBHOTO CEYEHKd HAX
Ha#ca IS0 kaB. ComocraBuM
Ing f1€p B OONACTH CBHHUA

l'" < 047. Cornacxo

MOHOTOHHUL XOnOM cocTaBafeT 0,12 MOH., 3 wApuHE pe3o~
3TH XapaKTeuMCTUHA C TEOPETUYSCHAMU [PEACKAIAHARMM.
W3 orutoM no Boaby:znendi WAC nporoHas ciezyer, yro
TEODETUYECKOLY pacyeTy pacoTu [Slynpyraﬁ He¥ TpouHaR

WApUHE RAR NpEMOro pucnaga MAC paBHa ,U8 x3B. ECiK Teneph B PE3OHAHCHY R BOpMy~

ny Epadlr - BuTHEpa NONCTABATL 3HAYEHUS WApMH, TO NMOAYYUN 0,03

4TO COrNaCyeTcs C pesyabTaTaMid 3KCNEpUMEHTA. 507
303MOZHON MpUuiOd HUCAWICHHHX B MOJHOM CEYEHMYU LIS <0 PB pesonancor simnn-
eTcA BOo30yxncHne UAC HeliTponamu. WMPAHG HBOAWAEHHHX PE3OHAHCOB TOW X& BEAKUU-

HHy YTO mMApMHA AC
Inst izep B aToft of-
7aCT# MaCCOBHX YM-

.
i 3,
1
onr s BRI
Lh —A A, b B A A AA & A8 B g b
e T =

165

Puc.6. ?nepreruqecgagpaasucuuocmb ceqeﬂuﬁ peaxnua

(n,p) B U

Cél, a 3HoPI'MA BO3~
Symnerus

(244540,2 MaB) B
npezrenax OuMGoK,
COBMAazaeT C 3HEpruda-
MH ypozHelt, OCHapy-
KEHHHMA B peaKkuuax
(Y,P) (Y,NP)u
(e,e'pP)

(2499-25,0 MaB) »
MHTEPNPeTHPOB AHHKEMNA
xak MAC [6]. Nporus
TOT0, YTOOW WHTEp-
NpeTHpoOBaTH paccuaT~
pRBaEMHe pe3OoHAHCH

3

4

170 s 180 En ias

rucrorpausa X §



KaKk BosSywzexne MAC, ropopar Jonbman BENWYAHA OTHOWEHAA ref‘ X MANAA BEAW-
YUHa riﬁr . boabaar BenRmYR#a TE‘, OpOTMBOpPEYHT 3anpery [0 A3OCOMEY N B
10° pas Gonbue TEOPETHUECKHX LaACYeTOB [5]. Masan peauumna q/?' 1FP"’°P°‘
YUT IKCilE[AMEHTANbHuM AaHHNM aaA HAC. Kpose TOro, Manas BeamuMHa pfa apo-
TEBOpDEYAT TOMY, YTO Pe3OHAaHC NpH 3IHepram 25 M3B He HacxapAAETCA AAR peaxgul
(X.n). HECMOTPH HA 70, 4TO ,ﬁ ~102. CaexoBaTeAbHO, pPE3OHAHCH, HabXnaae-
gsg zns HelTpoHOB N 'x -ny4ell, RONEHY COOTBETCTBOBATH pa3HNM COCTORHNAM SAPA
PB.

Tatamma
BoasSysnenue HAC mefrponamu m nprmol
mekrpounult pacnax RAC

7 ﬂ n. y Ccunxa
UDOIICCC J E.lSB "‘"J!ﬁ r‘,l(_a_B ﬂ/‘ %—1
MM 3/2* 0,55 0,009 0,04 0,63 7]
pMg rn

5. (E.) /25 1,5%7 4,2 5 0,85
. t (43
2»
SUTN Lyt Lk 90 %0 L0 (s]
(\l (E N A NDEx (_E-)
() s TE

T2 o SRl S/ 615 3 45 0,06 [9]
qu < ® ’ '
9 - ~ 45 0,01 9
Senw)  ¥E D o [s]
N oo g ot 449 ra,66 32 >0,15 10
')'C\Sn G ’ “ > [ ]
93 7 4,00 20426 22 20,012 I
‘/I’/.l/e (P/ ”) ’ / ’ ~ U [ ]
o Pe v BUE) I 16,6 160 190 0,8
L3y . I" 16,6 190 £ 0,005
% (np) ' -

B Taéamge CyMMHpOBaHH UMENNMECH AMTEpATYDHHE AABENE NO HAGJADRCHRD NpoMewy-
TOYHO! CTPYKTYpH HEUTPOHHOrO CeyeHdn, KOTOpHE WHTEpPAPETHPOBANHCH 3BTOPAMH Kax
Bo3dyxzenne WAC weiiTposamu. TaaMga BKADYAET BCE HCCAENOBAHHNE PeaKnud, HO B
uejnfX 3KOHOMAM He BCe HACADACHHNE PEe3OHaHCH. B TaCaRLy BHANYEHH Taime AaHHHE
10 WMpHAAM NMPHMOro HEHTPOHHOTO pacnaza, noayudessue B.i.Tyxosckam [IO.II]. Ha
Tatidyus BHAHO, Y10 BO BCEX Cayyaax, Koraa Hac.AbAaeTCA 60ibmas ynpyras Hej—
TPOHHAA WWPAHA W COAbEAA BEAUYAHA €€ OTHOWeHHrA K noaHoft mMpHHEe, MHWEHBD ABAA-
eTCH MarMyeckoe ajnpo. NcKnwouende cocraBnser Z“M’ a 28 S¢ . B asyx cayuanx,
KOrza jas HCCIefOBAHHHX PE3OHAHCOB U3KEpPEeHA MPOTOHHAA WMPKHA, OHA OKAZWBAEGTCA
JHAYMTEABHO MEHbUWEe HadAwRaemuX oOwMHO zng MAC. Jns Tex peaoHAHCOB, AAA KOTO-
PHX BMEONTCA TEOPETHYECKUE pacyeTH [SJ aKCMNEepUMeHTAI bHNE JAHHWE GOnbme @Wx OT
ABYX X0 ABamuaT¥ pa3. UcknoueHwe cocraBaner Afp0 Pe. flo-BuguMouy npUpozna
cocronnait 298ps Apyran yex HAC,
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3
AHATNZ EECTKO#! KOMNOHEETH CNEKTPOB PEAKIMY Jn (nn*)

A.B. Nrsarok, T.d. JloBuuxona, B.II. AyseB, O.A. Canphukos, C.[l. CumakoB
duauxo-3neprernyecknit mucruryr, OCumuck, CCCP

AHHOT&B!H

B paMxax GCDHOBCKOI'O NMPHOJIVEEHAA MCKAXEHHHX BONH MPOAHAXZM3IMPOBAH MHTErp2ibHult
BKJIAA NpAMHX [1ePeXOA0R B XECTKYD YaCTh CIIEKTPOB HEYNPYroro pacCeRHMH HeRTpOHOB
¢ 3Hepruel 5,34 MaB.

B nocnexswe rofd MCCREXOBAHHA EECTHOR KOMNOHEHTH CIEKTPOB HEYNPYroro paccesiHuf
HYKJIOHOB CPERHMX 3IHEPTHM BHIHBanNT 0COOHH MHTEpeC B CBA3M C PA3BATHEM NpeACTaB-
JIeHHiA O NpespaBHOBECHOM MExaHM3Me pacnaZa COCTaBHOro fizpa. MopeAs npezpaBHO-
BECHOT'0 pacnaza LHTEHCMBHO pa3BMBajacCh He TOJBKO ANA NPOLUECCOB HEYNPYTOr'o pac-
CefliuA, HO M IJNA peaKnowid OOMEHa WJM nepefay HYHNOHOB, M BO MHOTHX CJAyYaAx C ee
MOMONED yZAaBANOCEH ACCTMYEL CPABHUTEALHC XOPOWEre ORMCAHUMA BHCOKOIHEPTreTHYeCKOH
cOCTaBJNACMER HACAMAaEMHX CHEKTPOB WAM COOTBETCTBYDHMX y4yacTKOB ¢yhKumi Bo3Cym-
LeHHA [I]. Onyaxo, Npu OCCYRAEHKN NOJYYEHHHWX PEe3yAbBTATOB OCTAETCH B 3HAYHTEJNb~
04 CTeleHn HeACHHM Bonpoc, B KaKoii MEpE NOCTHI'HYTOE OonucaHne CBHAETEABRCTBYET

0 HOBOM MEXaHM3Me fAZepHHX peaxuuit, OTAMYaNLEMCA MO CBOMM CBOMCTBAaM Kax OT Tpa-
AMUMOHHKOTO CTAaTHCTMYECKOI'O MEXaru3Ma pacCnaza COCTABHOIO fiZpa, TaK ¥ OT XODOWO
H3BECTHHX NPAMNX NpOIEZCCB. Y1o0H OTBETMTH Ha 3TOT BOMpoC HE00XO0LMMO onpeaeyrTh
XapaKTepHHe NMPMSHAKK KAXTOI0 M3 MEXAHM3MOB ¥ MPOaHaAM3UpOBaTh MX NDOABJEKVE B
paccuaTpuBaeMuX peaxuuax. [AA MIYYEHMr MHTErPanbHOI'0 BKAaZa NDAMHX MPOLECCOB
pAa GJIaI‘OHleﬁTHHX BCEMORHOCTER npercrasiafaer cpamn’rensauﬁ aHajinad CIIEKTPOB (n,n')
¥ (p,n) - pearumit. Ecir SHepTHM HaAETaLLMX YACTHL ¥ ALDA-MHEEHH B 3THX DeaK-
QUAX MoAoGpaHd TakuM OGpa3CM, YTO HCNEDMUTENBHAS HOMIOHEHTA CMNEKTPOB COOTHETCT-
ByeT OXHOMY ¥ TOMYy Xe OCTaTOYHOMY AZpPY, TO MPOABAADUMECA DAIANYMA CMNEXTDPOB
eCTECTBEHHO CBAJATH C NpAMHMU nepexonamu. HeiiTponnwe cnexrps peakuuit 113In(nn’)
'l II3Cd(p,n) OHAM MCCNEeNOBaHN B padoTe [2] NP 3HEepruAX HajJeTanUMX 4YacTHl 5,34
¥3B u 6,0 MaB. HeoOxozuuoe cucTeMaTvyeckoe NMpeBHEEHUE XECTKOR KOMIOHEHTH CIeK-
TPOB HEYADYTOpeCCEAHHHMX HeHATPNHOB HAX aHANOTMYHHME CIEeKTpauy peaxuuu (p,n)
COOTBETCTBYET MHTErpANBHOMY CEYeHMo NpAMHX npoueccoB ~ 200 uGapH, U OTYETAVBO
BNLAXKEHHAA 8CHMMMETPHA YrJ0BOI'O pacnpezejiekus Hej{TpOHOB, CBA3aHHMX C 3TOW KOM-
NMOHEHTOH, MOMET CIYXUTEH ROMONHKTEINBHHM APTYMEHTOM B MOJB3Yy NPEAJNOREHHOU UReH-
THORKAURM NMPUDOAN AaHHOW dacTH cnekTpos. Tak Kak NpAMHe MepeXOAN NPH HEYNPYToM
parcesHu BO3CYyXnawT B NepByw O4YepeAb KUJJIEKTHBHHE CTeneHM CBOCOANW fAxep, TO ANA
UHTEpNpeTaumy MO.yYEHHOr0 De3yasrara BaxHO NMOHATHE, KAaK COrJacyercs HaliienHas
BeAMYKHA CEYEHKS NPAMHX NMPONECCOB C MMEDEMMHMCA ZaHHWMM O CNEKTPAABHOR MHTEHCHB-
HOCTH BMODAUMOHHNX BO3CyxaecHuil Aaep. Ncnonb3yR TpamvivOHHWE COOTHOmEHMA GOPHOBC-
KOTD NMPHOIMEEHMA MCKAREHHHX BOJH (1 MOJEAL cJaloy CBA2M HeveTHOU vacTuuw ¢ ¢o-
HOHHHMM BO3CYXZACHAAUX OCTOBA [BJ. MH NpOBeA#d pacyderTn OxuAaeMux AAA yKaaaHHOM
BHWE BHEPTHHM HaleTanuuX HeATPCHOB ceyenuit MpAMMX nepexonoB. PeayabTaT 3THX
npeicTasnesy B Tacanue.
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MyasTnnaer Cpeasan 9HEPrmA

COCTOAHNM MyIBTHNIRETE, M3B Li' B uGapH
(2t e 9/2%) I,4 F3d 0,18 180
(3" e 9/2%) 2,6 3" 0,17 43
(2t @ 2te 972 2,4 ot, 2%, 4t 36
(4t 0 9/2%) 3,2 4t 0,09 25

[lapaMeTps ZnHaMmuecKoi nerplannn[&_nnﬁ paccMaTpuBaeMhx NepexonoR OCHAM NOMYy-
YeHH M3 CHCTEMAaTHKM AAHHHX NO BO3CYXAEHKY 3apAKEHHHMH YaCTUIAMM HM3KOJEXampx
$OHOHKHX COCTOAHEM COCERHMX 4YeTHO-ueTHux szep [4], K Mcmoxs3oBaBmMecs B pac-
yerax napaMerTpu ONTAYECKOrO MOTEHUMAZa OWJM B3fiTH B COOTBETCTBHMA C DEKOMEH-
JauuAMK paGor [S]. [lonryuennas B pacuerax OLECHKA MHTErpalbHOI0 CEYEHHMA NPAMEX
nepexonoB ~ 280 MGapH He CHABHO OTANYAETCHA OT NIpMBELEHHOA BHmE 3KCNEpHMEHTANB-
HOMi 3TOrO Ccevenma. TakuM o6pa3om, BHBOA O KOMHHMDYDEel! pOJH MDAMHY MPOXECCOB

B fOpMRMpOBaHMM HaCimAaeMix "HeCTaTHCTRUECKMX" KOMNOHEHT CINEKTPOB HEyMmpyroro
pacCefiimfl, CREenaHHuwii B paGore [2] H& OcHOBe (eHOMEHONOrMYEeCKOTO aHanma3a cnex-
tpoB (n,n" ) » (p,n) peakumit, NOXydaeT NMOATBEPKIEHME M NpPH TEOPETUUECKOM aHa-
NM3€ CeYEHWH NpPAMHX Mepexoz0B. HO npAMiM cleACTBHEM ITOTO BHBOAE SABAAETCA 3a-
KIDMEHKE O POJM NpeJpaBHOBECHOIO MexaHnu3Ma pacnaja. EcZM Taxoli Mexaru3M # Cy-
EECTByeT, TO €ro BKJaj B CMEKTPH HEYNDYroro pacceAnms R0JiXeH CHTH 3HAYHTEABHO
HMXE, UYeM 3TO CAEAyeT M3 ONEHOK, MOJMYyYeHHHWX B padoTax [I]. MexannaM nperpaBHO-
BECHOT0 pacnaza JONKeH TPOABAATHCA HE B acCHMMETDUM YIPJAOBHX pacrnpelneneHmit, a
cKOpee B YBENMUEHMM MO CPaBHEHMD C PAaBHOBECHHM DacNazoOM COCTaBHOTO fifpa axM30-
TPONMUX YTIOROI'O paclHpeleieHHs NPOLYKTOB peaxiuy [6]. [lonCKM TAKOT0 yBEAMYEHNA
NpeACTaBAdNM OH 3HAYMTENbHH{ MHTepeC AAA Pa3BMUTUA DIeACTaBACHKE O DpaA3NMYHHX
MeXaHW3MAX RAEpHHX peakumfi. OCOGEHHO MHTEDECHHMY B 3TOM OTHOMEHHU MOTAM CH
G6HTEH IKCREPHMEHTH M0 pacCesHMM HeHRTDOHOB ¢ (onee BHCOKMM paspemeHneM, C mo-
MOMBI KOTODWX MOXHO BHIO OGN GOfiee AETANBHO JIOKAJARIOBATH MPAMHE NEPEXONH ¥ M3y-
YuTh HEe CBAJAHHHE C HMNM KOMMOHEHTH pacmafZa COCTaBHOIO AAPA.
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MEXAHUSH PEAKIONE 1123w 1 m) 11300 w 113G ) 1137n o cmEprwy soasvazesms
COCTARHGTO AIPA ~ 12,65 W38

0.A. CanpuuxoB, I'.H. lopumxosa, C.[l. Camaxop, A.M. Tpydanom, H.il. Sermcos,
T'.E. KorenpuunxoBa
duanko-3xHepreruueckuit mucruryr, Ooumnck, CCCP

AHHOTaUMA

) 13
B paGore mCCHeNOBaHH ABAaKAN ARG ePEHIWAHBENE CEYeHME Jninr) Jn ¥
MCd(pn) M In ¥ Ha OCHOBE aHaMR3a MX MOKA3aHO OTAMUKE B MEXAHH3IME 2THX pEaK-
uMii. Peakuug (n.»n’ ) oOycnopsicHa NPAMEMMN H PaBdOBECHHMN frPONeccaMm. B oSekx
peaKumax Npy PacCMATpPHBaeMMX JHEPT'MAX OTCYTCTByeT 2aMETHNHI BKAAZ NMpEADaBEO-
BECHHX MPONIECCOB.

1. Bsegenne

Heynpyroe paccefiime HEATDOHOB MOXET NPOTEKaTh TDOAXC: NL¥ BIANMOKEICTBEV Hale-
TADMETO HEZTpPOHA C OTHEABHHM HYKAOHOM fIApA WX C BOJCYX 2HUSM KONJIEXTHBHOTO
COCTOSHUA (MNpAMO# nmpomecc), MCHycraHne HeliTpoOHA AAPOM B NpoUecce yCTAHOBIEHAR
CTaTHCTHYECKOTO DaBHOBECHA (MOAENb NPERPaBHOBECHOrO pacnaga) #, HaKoHey, #C-
nyckaHne HelTpOHa AZPOM, HAXOAAEMMCA B CTATHCTHYECKOM paBHOBeCHM. COOT:iOHEHHE
MEXAYy BRI3JANH OT 3THX MEXaHW3MOB peaKOuW MeHfercs o 3Heprmei, 3 Hamumx padjorax
[I + 3] OHNI0 NOKA3aHO, YTO BNAOTH AC 2Heprur HeidTpoHoB I4 M3B BCE ceuvetime He-
YUpyroro paccediud OGYCAOBNEHO TOABKO ABYMR MEXAaHM3MAMN: NDAMHM # DAaPHOBECHHN.
Mexay Tem woAenb NMpEAPRBHOBECKOI'® pacnaaa [4] HamA3 EBMpPOKOE NpkMeHexre AAA
ONUCAHKA CNEKTPOB HeyrnpyropaccedrHux He#A?poHOB. HaM 3T0 npexrcTaBEAETCA HeoGOC-
HOBAHHHM. KpoMe BHYTPEHHNX NMpOTMBOpeuMi camoif wOZeAW, ee HEMOMHOT: {THA KAYEro
He TOBOPUT 00 YyrAOBMX DacnpeieNleHHAX), OCOCEHHO BKAHN ee :ieXOCTaTKE, KOTA: OHa
uCrnonbp3yerca AAS CPABHUTEABHOI'O ORHCAKMA HEITPOHHHX CMSKTPOB i3 peaxu:d (rzn)
u (nn'). B pane paGor [5, 6] OTMEYANOCh CYHECTBEHHOE Pa3NKUME EECIHOL YaCTi
CNeKTPOB ¥ YyTAOBWX DachpeaeneHuit xak no §opme, Tax ¥ 1O BeAMYMHE M3 Deaxiul
(an) " (n,n'), 1 HaOiogaeMmoe pa3nuude ~ B <( pa3 Gojbme, YeM 3TD MIEXNS a3~
BaeTCA MOZIENbN NpeipaBHOBECHOrO pacnaja.

OnHaKO He CyueCTBOBAJIO IKCHEDKMSHTOB, PAie OH “CCHAeLnyeune peaKii4l AaBaa® OJHO I
TO Xe cocraBHoe fAADPO. ([logoGHue paCOTH NMPOBEREHH C A ~YaCT/HAMM M iy KICHAMH,
HOTaVy CUABHOE OTAHYKE MORET ONTH 3a CHUET OONBEOHX pPa3HMIN BHOCKMHX YIJZOBEX MO-
MEHTOB), ZARHO OWJAO MOMYYMTH CBEAekUA O HERTPOMHHX CMNEKTPAX U3 PAIHMX DESHLKA
DK OTBHOM U TOM Xe MPOMEXYTOYHOM 3 KOHeYHOM f£ife. InA 3TOro OWLO [IPOBSASHO COB-
MeCTHOE MCCHeLOBaliMe CMeXTpoB HelTpoHos w3 peakawd ~ Cd{pn) "PIn ", (nn)
R y TO €CTh UCCAEAOBAHWA CNEKT[OB HEHTPOKOB SMKCCM{ M3 OAH"TO M TOrO xe
cocTaBHOrIo ﬂxpaJh'-II4. Hayanipiine 3HEPIUM MPOTOHOB ¥ HEATDOHOB OWAM BHMUDAiM
TaK, 4TL0H B 00OMX CHAYYaAY 2HEPr¥A BO3GYRIAEHKA COCTABHOID ALpA In*-114 Graa
OZL¥HaKOBOA. liccaenoBanna Guiyu nNpoBeieHN HA OAHOZ YCTAHOBKE a ONMHAKCBHX AKC—
NepUMEHTANBHNX YCNOBMAX, YTO CYdeCTBEHHO MOBNEaeT MHaleXHOCTH CDABHEHUHA.

2. JKCNEpHMEHT

117 NT7) 1) 113
icenenoBakua CNeXTPOB HedTpoHoB #3 peakuwd n(nn) In  w (dlpn) "In
NPOBOAMARCH Ha CMEKTPOMETPE KEHTDOHOB MO BpeMeHH MpOAETa Ha 6ase TaHieMa
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3r-108 [7]. HCTOYANXOM HERTPOHOB ABIANACH DPEARINA T(p.n)HeS. Hcnone3opanacs
rasopas mmmedb. Hawaapmes aseprma HellTpoHOB PaBHREACH Eo = 5,34 ¥ 0,05 MaB.
Paccenparexen CIYXRX mycToTeNNN ONANEAD K3 Meranxwqyeckoro xuzmaA (87 % Jp-II3 u
I3 %3n -115). Zan openxm BxIaza 0T ¥ -I1I5 NPOBGARAMCH M3MEPEHER C TAKMM Xe 00—
pa3anox u3 10G % Jn ~II5. Jan m3yuenma cmexrpa HeRTpoHOB X3 peakmuk  Cd (o) Jn
ncroxp3opanack goarra roxmmuolk 58,6 x3B m3 90 % Cof-II3. 3Eeprua NPOTOHOB JkAa
pasra 6,0 ¥ C,03 MaB, Jierexrop (crmasen ¢ 93Y-30) paGorax co cxexolt n-x pas-
xe.lenu. Orsocerensian 3¢dexrBHOCTH R3MEDRAEACH N0 BMXOAY HEHTDPOHOB M3 peaKmMA
T(p.n) de B xmana3ode 3ueprsd U,5 + 8 M3B m oHa adGcompTRampoBanachk NpX m3Mepe-
HER CREXTpa CMAOHTAHHOID XEACHNA Cf -252, (T = 1,42 M3B u Y = 3,78). AGcomorHoe
3HaYyeHNe MPAMOro NoToXa HeHTPOHOB ONMLEAECAAXOCH MO (np ) PACCERHND HA NOAHITH-
zene [8] Mipw BuZeNeHE® K3 OONEro Cnexrpa BKNajia ynpyropacCefiHHWX He{TpOHOB,
dopua m¥a MOCAEAHNX ONpeAeNARACH N0 MUKy ynpyropacceAHHNx HelTpokoB Ha Ps-208,
KOTOpHt NpN HameM pa3pemNEHNN NOXHOCTLD OTAECAANCK OT NMKA COOTRETCTBYDEEro BO3-
CYXXCKRD NEpBOr'0 YPOBHA (EI = 2,6 W3B pna Pe-208). [pk onreielienMn ABaxIH
AuddepeHUNANIHMX CeYeHNH aeynpyroro paccesgns HeJTPOHOB BBOARNACH NONpABRA HA
MHOPOKPATHOE pacCenHxe HediTpoHOB X ocaadieHMe NPAMOTO NOTOK? B ofpazne, BH-
YNCHeHnas nNo MeToRy Momre-KHapxo.

3. Pesyarraru
HenocpeACTBEHHNEME pE3yAFTAaTaAMM M3MepeHuil ABAANMCH, ABeXAM puddepeHuUmManbHHE ce-

uenuA peakunk (C,n) u (nn’) -d’6(E°,E.9)/dEd€Mﬂ (nn') no* 6'("p,E 6) /A8
IAS (pn)

‘ir BNGOpD HAaUaABHHX 3HEPrEil npoTo-~
HOR ¥ HeHTpPOHOB oGecneuus
OZMRAKOBYD 3Heprab BO3CYXAEHMS
azpa Jn" -114 ofeMx peaxuuax
(~12,65 MaB). Nauepenns cede-
. Hn{t MPOBOZRAUCH MOZ 6-BO yr-
. naus B uurepsaze 300 ¢ I50°,
. . . UmKGKK M3NepEeHKH CKIAZNBANMCE
ﬁ'?‘ih TR L W3 CTAaTHCTUIECKUX OmUGOK W

S P (n] 1 ouwuGox onmpegmenenus addexTHB-
e HocT Zerexropa (~ 3 %). Lna
.. peakmun (n.n') m0GaBIATACE
- eme OmWGKA HODMMPOBKK MPAMOIO
B noTOKA, M, ANA XECTKO} YacTH
uh b ] cnexTpa ounoxa BuumranWA nMxa
. ynpyropaccefHHsX HeHTDOHOB.
", W3 cpaBHesns puc. I BuAHO

o, (Pn) CHIBHOE OTAMYME CMEKTPOB Hel-
T TPOHOB M3 peakmuit (Nn’) u
(pn). Hadmozaercs TaK xe

o w1 cunamnoe oTAMYME B XxapaKrepe
YIAOBHX pHCIPRIENsuyf MCmyc-~
KaeMHX HEATPOHOB.

2

E
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dRaxay
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ozt
-

LY
“‘:'

0
Prc, [



48

! T
SL
e T
26l
Mbo |
(-
4L
2t
(1}
1
Prue, 2

4, OCGcyxnenue pe3ynbTaTOB

Ann pearuun (pn) OHO CRM-
MEeTpUYHO oTHOCHTEABHO 90°,
TOrAa KAK AAA peaxnowit
(n,n’) acnureTpNn 3aMeTH&
yEe ARf MAAHX 3Heprufl, Jxa
goXee HArAAAHOTO CPaBHEHMA
Ha pHC. 2 MpPRBEAEHO COOT-
HomeHne

A (6 £.307] AT (EE 150°)
dEJG d€d 8

axs peakmikt (nn’) 1 (pn)

KaK YHKUMA DHEPruA BuNe-

TapnAMX HeATpPOHOB E.

hojee KeCTHUM CNEKTD ¥ acUMMeTDUs YIJOBHX DacnpezeieHKit HeynoyropacCemAHHHX
HellTPONOB yKasLiaeT HA SKIA8L MPAMMX NMpoueccoB 3 peakmue (n,n’), TOrZa Kaxk AnA
Deakuuy {2 ) 2TOT0 BKNaza HeSNMLAeTCA. [JOCKONBKY COCTABHHE W KOHeuHHEe AApa
ONXHAKCEK ANA UCCAERYEMHX Deakluit ¥ 3Hep us BO3OYFIEHHMA COCTaBHHX ﬂnep.]n'-IIa
T&K Rf OAWHAKOB&, TO MOXHO MPEANONOXKTS, YT0 fOPMa CIISKT[OB, OOYCAOBACHHHX TOK
3aCcTb0 peaKuMy, YTO MAET YePe3 COCTABHOE Afipnh, TaxK Ke OYAET OAMHAKOBOK ANA
nGiux peakuufi. loraa, NMpEHMMAT C COOTBETCTBYNMNEH HOPMUPOBKOH CNEXTD HEATPOHOB
U3 peakumu (p,n) 32 9aCTh cedeHWA peaxknuu (n,n’), 0GYCNOBEEHHYD COCTABHHM AZ-
POM, MOXHO JI0 Pa3HOCTM MOJHOTO CNEKTPa HeyNpyropacceAHAHWX HeHATPOHOB M 3TOMH
YaCTH CeYcHMA OLEHHTH BKAAZL NPAMHX Npoueccos B peakump (n,n’). 910 GuAO CAena-
HO KaK ANA KAKZOTO yrja pacceaHma (CM. TaGJMiy), TaK W AAA KHTETpPaibHOTO Ceye-
HuA. HeompeaeleHHOCTH BKJNAza NpAMHX NpeoneccoB He Goxee 20 % T.e. II,3 t2a.
[lonRui BxAAZ NMpAMNX NMpOmeccoB oxasanrcA paBuuM 200 mG, uTo cocrasaser II % oT
MOJHOTO CeyeHMA peakuuu (n N ). Taxum 00pa3oM OKa3anoCh, 4TO Zaxe AAA TAKOH,
CDABHMTENBHO HU3KOH IHEPIrHK HaleTaOMUX HedTpoHoB (~ S M3B) BKAaZ mMpAMHX Nipo-

GeccoB ANA peakuu# (n.n’) yme CymeCTBEHEH.

Tadsuna
e 0 o} 0 A0 .~0  WiTerpanasioe
Q 30 60 20 120° 1s0° GETenre
1721,4
C -
53;3;3; ?ggyggep) 35,5 22,5 T2 I2,6 7,5 19,1
Brraz mpamoi 19,7 14,5 8,5 10,2 9,6 11,3

peaxkuuy B %
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Orcyrcrane NMOAPOGHOTO BEN3AA AN DEAKUAN (Orr) NOKAINBECT NEOPENCEEWOCTE NOAC-
ARNDEAPaBHOPECHOT'O0 PACNAAS, TAK RAK OBA AONEEA RQBATE MOROGEME De3yARTarTd XMn
ofenx peaxumii. lipawoe xXe HeyNpyroe paccesune NellYpOEOR OCYRECTBANCTCH ApewMy-
NECTBCHHO E3NMCHCHRCNM JHEPIENE N RANDABDACHNA ABNMECHRS naseranamx nelirposos 3 pe-
3yABTaTE NX BIGMNORCHCTBRN C OTACABHMMN HYKAOHAMN SApA, & KC B BUCADAENE ITHX
HYKNOHOB (YTO TpeOyer Iopa3x0 COAMEEr0o NepeAAHHOre EMAYNLCA, N, CECAOBATEAMNO,
NPONCXOZNT C MEHMER BEDOSTHOCTIO), N B 3ITOM CAYSAE OTCYTCIBEC MPAMMX APGHECCOD
AXR pEarRmmn (fzn) AEA Y08 3HEPIrNE CTANOBATCA NMONATHAM.
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0 PABOTAX C BACTPWSl HERTPCHAME HA TARXEM- YCEOPNTERRX 3Ifl-i0

K. Bmxy
Texsnuecumit yumpeponrer Apesaes, Cexumn ¢manxm, Kpespes, TAP

[lpexcrasaesy paGoru BR TANACE-J KOPNTEIAX, KOTOpWE mposelenmu » mpowsix IO xer
» xoonepammk Mexxy nucraryramm O OCuzscx m TY Kpeaxesn.

I. CHEe

llexs NPEACTZBRRENEMX 3XeCH DAGOT -~ RCCRCROBANNCG NEXARNINR AACDALX PEANNEN C
OucTpiiiin HefiTPORZME B BUXORNON KANARC. 3TO-AKTYRABSRA 73X2%2 X B EICTORMECL
epewn. [lpm 3754 BANEYD PONB NITACT N ROAYUEKEE NACISMX AANMMX RAAN OPRKARA-
mx npawesneHnk. JTR F260Ts GMEN BURORNCEM B DOCACANNC ACCRTE XeT IEapmuu 06palom
B2 NefTpONEMX IeHepATOPEX ApE JEepraax GANIKD X m verupsazmars ¥W3.

Cazamx TY JHpeazem » Poccemzoppe m 3 49K OCemucx » nocRexsse ragu Guax COCRANM

BO3MOKHOCTR KRR TOro, P00 PRCINPRTE ITH IKCREPWNCNTE B NOBME OOXRCTN INEPIEi
% ZER HOBMX THROB peaxmmili. [ipm 3TOM EOONEDLKN NEERY OCCANN EMCTNTYTANK,D 2TuN
Troxy yze wepe3 IC xer, pa3sms2aasch B OCRACTAX IKCHE;MMEATA MHON TEXENXH, COB-

MECTCHEMX N3NCDENNA ¥ WETCpPRpETAUEX DONYYCHAMX ARHHMX.

2. ACTOSERRR EedTDoKCS

RCTOUHK .M HERTDOEOR - radzex-ycxopmreaw 2Ti-IC » oGemx xmcrmryrax. B craumonap-
HON Pex:ye OHN XapaXKTEPNIYLICA CRCEZYDERME fl2METPIMNR:

ZE maxc. - IC MaB

a - <2 KaB

acr. - pydyet N THE. NOMM
i, - 3...8uk

r

0Ce ycxopmream Gukn OGOPYZOBaRM HAHOCEXYHXHOR MyABcamgmes X CREXTpoMerpamm
GucTpuX HeRTDOHOB NO NETOAY Bpexesm npoXera. 2ACKTPONHMEC CNOXK AAR RYRBCALMR
OuaN npoextaposans n nocrpoend » 7Y Zpeaxer [ I]). Haxo samerxkes, wro m z2pyrme
rpynns RCNOXL3YDT AMRYABCHWR pemmm paCord ycxopurensei » 2K x [¥SK.

3. Texunxa ZeTexTHpOBANRA

JeTexXTRpOBAANE HEUTDPOHOD OCYRECTBERETCA C CLMKTNARAUZOANMMN ACTEKTODAMN C MO-
MONBD PACCEANRA Ha BOKOPOXE. Ha OCHOBAHEN 2370r0 OWx co3xar B 32N crexrpomesp c
OAHWM ZETEXTOPOM, KOTODMZ MO3BOARET Mameperwn oA yraamm or 0° zo IS0° ¢ mpo-
XETROM Ga3oi 2 merpa.

He ranaeme » Pocce#zopde rpynna TY mocTporAa MHOTOZETEKTOpHYX cHcTemy ¢ 8 ae-
rextropamm [ 2]. Cxema 3Toik cmcremw noxazama wa pmc. I. ilpemmymecTsa aT0é CHCTe-
ML COCTOAT B 3HAUKTEABHO COXee BWCOKOK IPLENXTRBHOCTH K YMEHBEEHNM OIXGOK MOHW-~
TOP4POBaHMK. € APYroé CTOFOHN HE8AO 3aXOXMTH SOABMYL 3aTPATy MPK NOCTPOCHMUM,
€CTeCTBEeHHO, K MK COZEPXAHNM B WCIMDABHOCTH X MDA KAANGPOBKE.



51

ZENTRAL
RECHNER

L L LT [
RECHNER I

12K 12817 | | Ko

LES L0 8]

Puc. I Cxema MHOTOZETEKTODHOH CHCTEMH (3HadyeHMe
OJNOKOB omucanick B padore [ 2] )

00pafoTka M3MEPEHHnX CHEKTPOB NMPOUCXOAMT ia Maynoft 3BM, HO AN BHUMCNEHMA cedeHuf
BHpadoTaHa KOMNAEKCHas NporpaMMa, KOTODYO MOXHO MCNOAB30BATH ¥ IJIA AUCKPETHHX K
Il CRNOWHWX CMNEeKTPOB.

0nHa ¥3 3anay, 0COOEHKO BamHad NpM MCNOAB30BALUM MHOTOAETEKTOPHOK CHCTEMH COCTO-
T B TOM, YTO TOYHO KOHTPOANDOBATH MJM MIMEPHUTH DA3HHUN 3(PeKTHBHOCTH MERAY BCe-
M OTZEJBHHNMHM ZeTeKTopanu. [loJIe3aHo oxasanoch B MOCAELHME TOAN NMpUMEHEHHe MCTOoY-
HWKA, KOTODHil MCMycKaeT HeHTPOHH ¥3 CMOHTAHHOrO ZLeJIeHWA, Kak Hanpuuep f-
d.yMa CnexTpa HeRTPOHOB XOpONO HM3BeCTHA. C NMOMOUBD PErMCTpaLkK OCKOMAKOB, KaK CO-
NyCTBYIOMUX YABCTHI, MOXHO M3NEDHTH HEMTPOHHWH CNEKTP NO METOLY BDEMEHM NpOJETA.

Kak npuuep addexTuBHOCTH ZETeKTOpA NDENCTABJAEHA Ha PHC, 2 B CPF3USHMM C BHYUC-
Jerued no Metony Monre-Kapao.

P r——eey
Ina wccaenosanuit peaxuyuit TMna (p,n) 0CO0EHHO BAXHO Clelyomye NYyHKTH:

a) TaKue IKCMEPAMEHTH MOXHO NPOBOAHTE C BHCOKMM Da3pemEHHEM DHEPTMH BO 3XOAHOM
KaHane, 2T0 3HAYAT BOBMOXHOCTH MCCAENOBATH CTPYKTYPH B QYHKuMM BO3CYyEIewus
3TO/ 2HEPreTHYECKON BAPHUHH.

6) OTCyTCTBME YNPYroro pacCefHui 59T BO3MOEHOCTD TOYHOIO 3KCHEPMMEHTAIBHOIC
aHANMH3R BHCOKO-3HEPreTayecKol 4acTH HeATPOHHHX CNEKTPOB, C ApYTo# CTOPOHH
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BMACCEA HCHTPOHOB EOSNOXHO ZNR HAMBHCHNX SHEPrwi BOSCYMAGHEA MOREWHOTO AZpa
N3-38 OTCYTCTBAA KyJAOHOBCKOTO Gapnepa.

B) lipAMHe MpomecCH WrpamT 3HAYMTEALHO MEHBEYD DPOAB OTHOCHTEABHO PABHOBECH WX
nponeccoOB YemM B ciydae peaxmmit Tena (n .n'), 88 MCRINYEHMEM 3EPKAABHHX RAAEP.

CBA338HO C 2THM GHNM RCCHeAOSAHH CAEAYDEME MPOGHEMH:

I) Hellrponsult pacnaz wso6ap-aHAXOTOBMX pe3onancos (O3H - IISI" - IO9A )s

2) HccnexoBanne sHEPreTMIECKOro xona MO!'HOC'!I COCTOSHME XA Afep C MACCOBHM
wexou Gmusko 100 (03K - Mz, 115, 122¢ gy - 109,),

3) AHanuM3 peaxmgwu IIB +D ('N).

7 T Y T T Puc. 2 Wauepenue spdexTunHo-
crn (¥ ) B cpaBHEHMM C BHUMCHE-
i HueM nporpauma EFFI (e )
630
L P §

En (MeV)

I) B nmepBoM KOMNIEKCE OWANM H3MEPEHN HE{TPOHHNE CNJIOLHHE CNEeKTPH B peaoHaHcax
AR TOrO, YTOON MOAYYHTH HHPODMELHD O MeXaHH3Me pacnafZa u306ap-aHaJorOBHX
peaoHaHCcOB. B navane OWiu M3MePeHH QYHKuuM BO3CYRACHMA AAA peakumii Tvna
(P'") " (P P-) Ha IO9A3[3] lloHATHO, YTO TaKMe 3IKCNMEPUMEHTH CONDPHAKEHH C
COMBUMMH TDYZAHOCTAMM: CROXH&A TeXHMKA BDEMEHH MposieTa OCOGEHHO MpH UCTONB-
30BaHMM TOHKMX MnmeHe#l (B mopAzke 4 KoB) M MamenbKas pasHMUA MEXILY CNEeK-
TpaMKH B DE30HBHCE ¥ BHE De3DHAHCA, MNOTOMy YTO YBeJAueHHe De30HAHCHOTO ce-
YeHHUA TOJBKG NO nopﬂzucy 30 %. Ina 1ByX pesOHAHCOB H3MEPAAMCH HeliTPOHHHE
cnexTpy mox yraowm 80° yrAOBHEe pacnpeneseHun.

Ana anaanaa IKcNepUMEeHTANBHOI'0 MaTepuana ABaxiH-AuddepeHuvanshoe cedexue
paazenserca B ABa qneﬂa'

d*s ) ( d? )
mdu(si" u.é) = (d&du uap © \ ddl e,
flpy aroM ceuenue (d'nr/dn.du) - CPenHAA BEJMYMHA AAA SHEPTHi NMPOTOHOB E < E“'
'} E » Ew BHAO BHUMCAEHO COOTHOmEHHE

Viu) « (dndu M/( dadu ep-

npeacTaBNeKo HA PEC. 3. Kak BMAHO, POPMH CMEXTPOB 3HAUMTENBHO OTIUYANTCH
Zpyr 0T Apyra AAA o6eux pe3OHAHCOB. Kpowme TOro, B paMmKax 3KCHepHMEHTaNBHHX
OEOOX YyTAOBHE pacnpeienesus M3MepeHN B pe3OHAHCAX ~ M30TPONHH,M NpH Hau-
BHCEMMX 2HEPrHAX HeHTPOHOB.
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nonodﬁuglgesynswaru OHN¥ HakZeHH B
viuss Py S cayyae n. Hiuc cAeZYeT K3 Mauepe~
{ * AR be £y~ 695 Mav Huit, V (U) naa 6*-pe3oHaHca MOYTH MO-

CTOANHO, HO B ciyuae 5T-pesonakca

. v(u) cuarHO mOBHmaeTcA ¢ pocroMl .
{ipaMolt HellTpOHHNII pacnaz 3anpemeH MO

{ !H }} ] u3ocmuny (a T = 3/2). Noaromy npexa-

Q)

02 |-
noaoranock, YT0 aHaJoOroBOoe COCTORHME

{ (T="T5+ 1) MoEeT nepexomMTh B CO-
{ . CTORHMA KoMnmayHz-azpa (T = T3), y
‘ KOTOPHX TOT-XE CIIME M Ta-Xe YETHOCTH,
Lo ) ) . YT0 ¥ y AHAJOr0BOI0 COCTOAHMA. [IpH

1 2 3 4 v 3TuM HEPEeAKO NpEANoAorajockh, 4YTo
Puc. 3 V(ws nnxﬁgnaooap-auanoroaux HelTpoHHHI pacnaz MpOMCXOAMT TOrZa,
pesonancax azpa ™ Aq ecin BO3GYKAEHH GOIBWOE WACAO KOM-

nayHp-cocTofHKii. Tora MOXHO OmMM-—

carh Dacnaji ¥306ap-aHaNOU'OBHX COCTORHMII B paMKax CTATHCTHYECKO} TEODUKM, & KOM-

NayHZ-Alpo KMEET ONpel2jIeHHHe CMMH ¥ YeTHOCTE.

o1

— -t
aal

Taxoe onucaHwe B HaweM cilydyae HeBO3MOXHO, Tak Kax TOPAa MPEZMNOJIOranock, 4To
CpeIHMii CNMH YDOBHE: B KOHEUHOM AADE I (d ymexsmaerca ¢ pocrom {f. Ho u3 zoy-
T#X padoT K3BECTHO, UTO CPEAHVA CRMH NMOBHWAETCA C POCTOM U/ MOHOTOH.

ToNyYeHtLES HaMy De3yASTATH MOKA3HBaWT, YTO HECTAPHUCTHYSCHME NMPOUECCH KIparT
CyuecTBESHY® DOAb MDY HEATDOHHOM pacnafie n3ofup-aHajioroBHX PEe3OHAHCOB. STO
M0zeT GWTH ¥ NpAMOL DACAAZ X NpCZDAaBHOBECHHY pacnaj COCTOHHHMA ﬂpOMeﬂyTOqHOPg
AZpa. 0CACLHEE TMOZBEPXAAETCH ¥ B APYTHMX padoTa O CTPYKTYDPE COCTOAHMMA B ~~7(d.

2) #iaMepeHH HEHTDOHHHE CHEKHTDH DEeaKUUK I09A3 (P,n) B O0nacTy 3Hepru#f MpoToHOB
oT 5 5o © ¥aB c waroM 500 KaB. Kpome Toro Oumay uM3MepeHs yrJOBWE pacnpeje~
NeHiA NpX EBYX 3HEPIUAX, KOTODHE OK33anuch naorpondHumyu [ 4].

Ipu npernmonoxedus, YTO IMUCCHA HEATDPOHOB NDOMCXOAWUT W3 CTATHCTMYECKOTO paB-
HOBECUA, MOXHO NDHMEHATE Gopuyny Belickonda:

dte )
d.ndt - K'G-nv e En' P(u,

B cayuae IC9A3 GWI0 HaitZeHo, YTO HEAB3A OMMCATH XOA @yHxuuy P(U) B paM-
KaX MOZenyu (QepMu-rasa:

P(U) = A1 qu»-{z?u_s)gf;_ QXP(]-"O(U"S)) )

T0 €CTh HENB3A HAyTH NapaMmeTps a # @, KOTOphe He3aBucuuo oT A u Ep. 113 27010
cieryer, HTO B MexaH)U3Me peaKuuii BRMOYeHH HEPaBHOBECHHE KOMMOHEHTH MAM OIu-
caHme MAOTHOCTHM COCTOSHMH P(U) HEBO3MOXKHO B paMxax MoZesau fepumu-rasa. [lo-
3TOMY {ODMa CMEKTPOR OMMCanach C CYMMO{ DaBHOBECHOTO ¥ MDEeAPS8BHOBECHOTO
BKNAZAB PaMKaX 2KCUTOHHOH uozeau. Ho 3To He BO3MOKHO Oe3 NpoOTUBOPEYRIit.

Jenenach MOMWMTKA CPaBHUBAThH XOA QyHKumu P(U) C BHUMCHECHMAMH U3 DaBJANYHNX
wohene#. Lag a7oro jyHxuus P(M)GHna HopMupoBasa aGCOADTHO C NOMOMBIO CXEMH
4POBHEs IAf oHeprudt Boadyxmesus U < 0,65 MaB. Ha puc. 4 npencraBiery noiay-
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Puc. 4 lizoTHOCTH CcOCTOfiEMit B RApe 103
§ I - napaserpesankr no gopuyxe

2 - Mozcxp JepMM-Tasza C y4eTOM IHEpPIuN
CNapHBAHWA ()

. = 2¥a(u-&)
PlU) = 77:3;137?73=7€

3 - wopexp QepMm-rala C CMEmEHMEM 3Hep-
I'ME OCHOBHOT'0 cocroannab»*_____

7 Pl)= o WU-sst)Tn et al-e¥

4 - NONYMRKDOCKONMYECKAA MOZEeAb

(*) a~A6M>B", §= 42 M8
(ow) (U-a)-.atl-t- asAdrrMBT a=-092M8
} 4

w?

10?

YEeHHHE DE3YABTATH.

KprBan 4 Owia BNUKCNEB& B paMKax NMOAYMAKDOCKONMYECKOH MOAEA¥. [lp STOM yuu-
THBAAM pEAABHHE OZHOYACTMYHNE COCTOSHMA, KOPPeRALNA CHAPUBAHMA M BO30GYyRLe-
HME KOMNEKTMBHHX YpOBHeH.

Kax BMAHO, DPeHOMEHONOrWYHOE ONMCAHME MOAEABD JepMH-rasa NNOXO OMMCHBAET 3IKC-
NepUMEeHTaNbHYD NMAOTHOCTH COCTOAHKA B NMOAHOK OGNACTH IHEPTHUii BO3GYXAEHHR, HO
NOJYMBKDPOCKONKYECKAA MOZEAH AGET XOpOEee Coriacue.

MozoGRue mawmepesus Ouam nmpoBezens B 0OM na sapax Fv, Ab u 119 ¥ 1226, pe_
3yAsTaTH M3 Pr-f M Nb-R COrJacyDT C pe3yibratauM Ha AS' Ho ans u3oTonos
ONOBN OHAO HAHAGHO, YTO B CHeKTPaX HeATPOHOB CyNECTBYEeT 3HAUMTENbHHA BrAan
HepaBHOBECHHX MPOLEcCoOB.

lpy ¥CCAEROBAHMM DPEAKIMHA lig + P OFZKZALT He TOABKO KOMMAYHAHHE NMPOUECCH, HO
¥ NpAMHE npepmeccH o6Mena 3apAZa, Ho ommcaHue KOMIEYHIHWX NMpOOECCOB B 3TOM
¢cAyuae B PAMKAX CTATUCTHRECKOH MORENM NAeNaTh He BO3MOXHO. [103TOMy KCMOAB30BA-

Jace 000J04eyHas MoAenb HECBABAHHHX COCTORHKK IJIR OMMCAHMA MEX8HW3MA peaKilnr. .

Hauepeans OWAM NpoBeAEHH B OOAACTM 3HEPTX: NPOTOHOB Ep = 5,4 a0 7,5 H3B ¢
sarom 30 KaB, axcnepuMeHTAABHHE AaHHNE MOKA3NBANT caeiyvmEne TenaeHuun [ S5]:

- 1IlEPEXOAN B OCHOBHOE COCTOfiHMEe HECKOMABKO pa3 (oJee BepOATHO 4YeM B BO3CYxR-
JeHHoe COCTORHME KOHEYHOro AApa. JT0 MOKA3WBAET Ha NpAMNe NpPOUECCH, TaK
xax AZpO-MMEEHD> M KOHewHOe AApO-3epKaJybHNE AZpa,

- B QYHKUMAX RO3CYKAEHHA BUAHO MEBKCUMYMH COBMECTHO A/A DPA3NHUHHX YIAOB M
PR3NRYEKX KBHANOB PEaKuMM, YTO NOKA3WBAET HA KOMMAYHAHWE MPOLECCH.

0CoNOYHAA MORENDb HECBA3AKHNX COCTOAHMA MOXeT ONMCKBATDH MPAMHE M KOMNAYHIHHE
npomecc ¥ MXx mHTCpdepeHumy Gea npeANOXeHHA ¥X OTHOCHTENBHNX BKAaZOB. [Ipu
3P0M M3BECTHAA O0CO0NOYHAA MOZENb PACHMPAETCA HA COCTOAHKMA, Y KOTODHX OAAH
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HYKAOR HAXOAMTCA B HECBAJSAHHOM COCTOAHMH.

JameTMM, UTO yXe AJNR ONMCAHMA OCHOBHOI'O COCTOAHEA IIC '] IIB H8AO BKADYMTH
KoKQurypamsa rtna 2p - 3h, HO HAGmMpEMEDp B cAyvae ISN OCHOBHOE COCTOSHEE ~
gucroe Ih - cocrosnme. Ha pumc. 5 npeacraBieHH pe3yAbTaTH.
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Puc., 5 CpaBHeH¥e DKCNEPMMEHTSJLHHX CEYEeHHMH M3 peaximu g , p
¢ BHYMCIieHMEM B pawkax OCONOYHOi MOZeAM HECBA3AHHHX COCTOAHKHA.
(TOYKM - IKCMEDUMEHT, IHHHUA - pacyer)

Kake ycmexm 3TOID NOAXOZA MOXHO HAa3HWBATH:

- AGCOABNTHOE BHYMCIECHAE XOpOMO Zi8€T MOPAZKOK M IPyOyD CTPYKPYDPY JYHRUMM BO30ya-
LeHNA,

- OTHomenue Mexzy n, - ¥ Ny- TPYNNaMmyu ONMCHBAETCHA NDaBANBHO.
- B cayyae (p, po)-peaxunu naxe fopwa ¢yHKOHM BO3CYXZEEMA XOpOmO OMUCHBaeTcA.

Ho
- BuuMcleHue He ZaeT TOHBKYD CTDYKTYPY JyHKUm# Bo3CyxmeHus.

YAyYmeHHA MOXHO OXMZATh C NMOMOMBO BKANYEHHA ADPYTHX KAHANOB PEaKUHH, KaK Npo-
TOHHNX, ¥ COJZee KOMINEKCHHX KOHJurypaumeii.

—_—
WecnemoBaHue peakuuii TMma (n,n') Hayaicch HECKONBKL JIeT TOMYy Hasai M Z0 CHX NOD
He OKOHYanoch. Taxue pacoTH BAXHH AJR MONYUEHMS AAEPHHX AAHHHX, HLMpHMEp AAA
Pa3BUTHA TEPMOALELHNX PEAKTODOB,

Ho ¢ Zpyroii CTOPOHH M3 THKHX BKCNEPHMEHTOB MOXHO MOAYUATH KAYECTBEHHYD N
KOMNYECTBEHHYD WHHODMAUMN® O POJNM PABHOBECHHX MAM APYI'MX MPOuECCOB.

Lna uccaenopanna peaxumuit Tuna (m n') ucnoasaynT B Poccespopde rasaoByn MumeHs
c nowousk DD-peakuuu. Taxum o6paaoy MORHO ROCTHraTh 00AAcTh 3HEPrufl HEHTPOHOB
En =7 ... I2 MaB, Cpezuufi BHXOR HEHTPIHOB NMOX YINOM 0° nopaakae 2 I0 &Cmcpﬂ
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HedTpoun, ncnycraeme 23 taxch ra20so# uEmeHm He NOROSHEDPreTWYECKN W3I-3a
DeaKOK¥ Pa3pupa AEATOHA MAM FPYTNMX NDPNYNH [6]:

a; HeiTLOHH W3 peakuMi (d, ) Ha Yraepoie ¥ KUCAODORE: NDH ITOM 3ITH IAEMEHTH
HaxOAATCd B BMAE TOHKMX CANOEB Ha MOBEDXHOCTAX MRECHM, 0COGeHHO Ra QoXbrax;

€) HeATDOHH W3 pa3pHBa 4eHTOHA: CEYCHHE 3TO# DEAXUMM CMXBHO pacTeT NPH 3IHEPru-
Ax DD -HeiiTpouoB Bue IO ¥a3B.

2T HEMOHO3HEpreTHYeCkue KeRTPOHN TOXS DACCEREBAaNTCH Ha o0paaume M NDPeNCTABAADT
co00ii omMOX® B M3MEDEHHHMX CMeKTDaX, OCOOEHHO MDM MANWX YrEax. B nepsom craydae
KX MOXHO YHABMMTE #3 IHCMEDMMEHTANBHNX CReKXTPOB, KO KOHTKHYVM Da20xBa AeHTOHa
OrpasMyKBaeT o6A&CTS 06paGOTHM CREKTPOB.

Pe3yNAbTATH V3MELEH:A Ha AKDAX 2o,y g npeLcTaBiess B ApYreX paGorax 3TCro
cKMIOCHYMA .
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SCATTERING OF 10 MEV NEUTROES OF SILICONW

W. Pils, D. Schmidt, D. Seeliger and T. Streil
Technische Universitdt Dresden, Sektion Physik, Dresden, GIR

Angular distributions for several neutron groups of the 28SI(n.n') reaction
are measured at 10 MeV bombarding energy. The experimental data are anmalyzed
in a combined statistical and direct reaction model., The theoretical descrip-
tion gives informations about excitation modes and strengths.

1. Introduction

411 investigations of meaesi(n,n') reaction done untll now were restricted
to a narrow energy region between the energies 3 and 14 MeV, respectively.
This experiments differ from each other in respect of both the measuring

technique and the model and parameters of the theoretical analysis used.
The present work has been started with the aim to analyze on an uniform basis

the reaction mentioned above in the energy range between 7 and 14 MeV. This
reaction is mown to be described by incoherent superposition of compound
contribution calculated in the Hauser-Feshbach formalism and the direct ome
/1/. It is well kmown that a good agrecment between experimental points and
theoretical curves can be obtained easily for one iucident energy by con-
venient choice of model parameters. But more attractive is the theoretical
description of experimental data, obtained at the same conditions, with a
consistent set of parameters in a wide energy range, because tkLis allows to
get more information about the reaction mechanism. Purthermore, such measure-
ments are important for muclear data collection and evaluation.

The topic of the present work are the measursments and its theoretical inter-
pretation of the data at 10 MeV bombarding emergy only. A more complex de-
scription for the mentioned energy range will be reported later.

2, Experimental Procedure

The elastic and inelastic differential neutron scattering cross sections
were measured with the tandem facility 1in the ZfE Rossendorf. A deuteriux
gas target /2/ using the D(d,n) reaction was employed. The messurements
were carried out with a computer-coupled multi-angle TOP-detector system con-
eieting of eight detectore. The experiment is characterized dy measuring
angles between 15 and 160 degrees, an energy spread of 120 keV, averaged
flight pathes of 3 meters and the angle uncertainty of + 3 degrees. i more
detailed description is given in ref. /3/.

As monitor a ninth TOP-detector was included into the system to reduce the
dead time correction. Because the efficiemcy ratio of monitoring and measu-
ring detector can be measured with sufficient accuracy (error less than 2%)
for determination of the absolute cross sections the relative efficiency
function is necessary only. The angular distributions were measured in two
independent runs at 15, 30, 50...150 and 20, 40, 60...160 degrees. The abao-
lute cross sections for each run were determined independently and are
shown in fig.1.

The soattering sample consists of natural silicon with a cylindrical shape
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(3 2 3 ca®) and a weight

'"Si(n,n')‘Si E.= 10.02 006 MeV of 43.53 g. The measured

b cross sections were correc-
ted for finite geometry and
maltiple scattering, which
are ratoer low for the cho-
sen sample size. The back-
ground from elasticalily
scattered non-monoemergetic
neutrons of the source /2/
have been taken into account

v T T T T L T T A .
T L 0;(0~-c9romw)
<o

" ' for the calculation of the
% [ 1 (0--6879) —-~»-a:,f cross sections of higher in-
; 1 1 . L3(0-_6MM) ~Cr; | elastic neutron groups using
;‘; - z;(o--tmmlﬁ. T a special computer code.
" ?:"\\' N , i e g ""‘.__. : 3. Analysis of the Experi-
E“\\\:\":’/‘ ] - 5 mental Data
) ¢ 10+ -commen) J ;;:g.;:‘;::)-—gi The elastic scattering is
ok oy, i 0 | ] described as a sum of shape
TSt BT (ies), e sateiation of
- B b ,'"’- . *; ..... ]
I /-*\_f: v b U771 the shape elastic conmtribu-
! ) 1 3 tion was performed with the
! ] 5 spherical optical model {SOM)
T e using parameters from ref,
CRamEmIIBE :,‘“""""m"' /1/ slightly varying in the
tm 9 spin-orbit term. The choice
of the perameters was made
2ig.1 Angular distributions of elastic and with the aim to describe all
inelastic scattered 10 MeV neutrons. experimental cross sections
The experimental cross sections (’ ) in the full energy range.
are shown with their absolute errors. An optical parameter fit of
(SOM - spheriecal optical model, CC - our data at 10 MeV bombar-
collective model in the coupled ding emergy reproduces satis-
channels representation, HF - Hauser- factory the parameter
Peshbach contribution) wvalues of ref./1/.

The calculation of the com-

pound reaction contridbution
for both the elastic and inelastic scattering are based on the statistical
model code ELIESE /4/ including p- and «-channels. In this code transmission
coefficients are calculated with the same parameter set as used for the SOM.
This code takes into account discrete levels only. Por higher energies the
normalization with results from statistical model code STAPRE /S/ is necessa-
ry. The code STAPRE gives angle-integrated cross sections only, but it takes
into account level densities for the unknown higher excited states. The para-
meters used in the code STAPRE were adjusted to reproduce the total cross
seotions.
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Almost the same parsmeters were used for calculation of the direct reaction
part with the coupled channels method (CC) in the code CHUCK /6/. Table 1
gives the parameters used for the SOM and CC calculationms.

The elastic scattering is

Table 1 : Opticel parsmeters described in the CC analysis
'v Ty | | % s | ®s vso 2lso. In this case the in-
(MeV)] (fm) |(fm) | (MeV) }{fm) [(fm) [(NeV) fluence of the channel coup-

oM 52.0 }1.15]0.T8§12.1 }1.25]0.4T] 9.0C ling on the elastic channel
C . » i 6.0 - - 0.0 is taken into consideration.
aso = !3 H r” = rs

In order to describe the in-

elastic scattering an inco-
herent superposition was carried out of compound and direct reaction contri-
bution, where the second ome iz obtained from the collective model with the
coupled channels method.
Table 2 gives the excitation modes and their parameters used in the CC-cal-
culation, with notation: 8, - aonopole vibration, 8, - quadrupole vibration
etc. These parameters result from the CC-calculation to reproduce shape and
absolute nagnitude of the angular distributions as seen in fig.1, and they
are in good agreement with results froa other investigation /7/.

Table 2 : Excitation mode and paramzeters of the first low lying states in
2

8s

evel oup | J¥ lexcit.mode parameters

Se_| _ _ o;’ - 8, = -0.43, B8, , = -0.15

1 21 rot - -

2 1 4] . . " (The groups demote
2 P 3’__ vibr | B8, = +0.3 - that levels, which
4 4 . B, = +0.25 are coupling to

5 11 3 » By = +0.3 the ground state
(6 _|___]%4 = | 8y = +0.6 _ and/or together in
7 03 rot B, = 40.5 three different

8 I | 25 vibr | 8, = +0.6 calculation runs.)
9 23 rot 8, = 40.5

The Hauser-Peshbach contribution is seen to be to high for the higher exci-
ted levels (3% and higher). The reason for this overestimation could Lo
fluctuations in the compound level density of 2951 /1/.50ome details of this
coupled channels calculations are of interest:

(1) The direct excitation of the 4:state from ground state is rather small
(in order of 20%), 1.e. multi-step processes must be takem into account.

(2) The excitation of the 3 non-normal parity state can be understood as
spin-f11p process, the 1 = 2 transition contributes sainly to the cross sec-
tion (in order of 90%).

(3) The contribution of the 2; state in the second rotational band to the
eroas section is swall, this level is coupled only to its o; "ground"” state.



In opposite to the ground state rotatiomal dend with oblate deformation the
second rotational band has a prolate one (“cigar® shape).

Finglly it should be noted that by extension of our investigations into
the energy range between 7 and 14 HeV on an uniform theoretical besis it can
be expected more information about tendencies of the reaction mechanisa.
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ANALYSIS OF NEUTRON SCATTERIKG ON 325 I8 THE ENRER3Y RAKGE FROX T TO 11 BV

M. Adel-Fawsy, D. Schmidt, D. Seeliger and T. Streil
Technische Universitét Dresdem, Sektion Physik, Dresden, GDR

Experimental results from elastic and inelastic scattering on 325 with bom-
barding energies between 7 and 11 MeV are compared with theoretical descrip-
tion in different models.

1. Introduction

The present work was undertaken as an extension of mea.urements in order to
obtain information on mneutron scattering in a wide energy range on some light
nucled.,

In this experiments, meesurements of neutron differential elastic and inela-
tic scattering cross sections vere made at boabarding energies 7, 8, 9, 10
and 11 MeV on sulphur. Ratural sample was used, but it is nearly monoisoto-

ple 323. 411 the measurewents were interpreted theoretically with convenient
models.
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2. Zxperimental Conditiors

For measurements of the neutron differential cross sectioms a time-of-flight

multi-angle system comsisting of 8 detectors was used /1/. The ZfK Rossen-

dorf tandem accelerator was used to produce fast monoenergetic neutrons in

this enerzy range from the DD-reaction /2/. The neutron detectors have a 5"

diameter and 1.5" thick ligquid organic scintiliator of the type NE-213. The

8 detectors are placed around the scattering sample with respect to the acce-

lerator beam between 20 ani 167 degrees in steps of 20 degrees with averaged

flight pathes of } meters. The scattering sample has the shape of a hollow

cylinder with the dirensions (3 x 3 x 1 cma) and a weight of 36.30 g.
Monitoring of the aneutror flux from the source was achieved with a

saall scintillation detector piaced with an angle of 20 degrees relatively

to the gzas cell at a distance of aktout 3 m from the target.

All the measured differential cross sections were corrected for finite size,

flux attenuation and multiple scattering, which are rather small for the cho-

sen sample size.

3. Results of the Measurements and Interpretation

Theoretical calculations were made by incoherent addition of a compound con-
tritution in the Rauser-Peshbach theory (HF) and a direct reaction contribu-
tion calculated in the framework of the spherical optical model (S03) as well
as by the coupled channels method (CC). One set of optical potential pareme-
ters ir the full energy range was used. This parameters were taken from the
work of Frzndenberger and cuwrrkerg/3/, because this work was a specific me-
asurement of elastic scattering with high accuracy, whereas vur eim was to
measure and calculate the inelastic scatteriny cross sections accurately to-
gether with the elastic ones. There 19 no investigations of tle elastic and
inelastic scattering of neutrons on sulphur in the full energy range which
was investigated in the present work.
The sulphur nucleus is Inowvn fo be a shperical nucleus in the ground state
end is considered as a vibrational nucleus in the low lying excited states.
Moreover, 211 the compound contributions (HF) were corrected
due to Moldauer's level width fluctuation correction. Fig.1 shows the effect
of this correction, the elestic compound part will be higher by a factor of
about 3, while the inelastic part will be smaller bty less than &%,
Fig.2 shows as an example the results of the differential cross sections at
10 HeV bombarding energy in comparison with the theoretical description. It
can te seen from the curves, that
(1) an agreement between the experimental and iheoretical results is evident,
(2) the theoretical calculation with the optical model or with the coupled
channels metnod give approximately the same structure, but with 8 remar-
kable deviation between each other in the minimums of the angular dis-
tribution, that is due to the coupling of the first excited state with
the ground state.
A comparison between the integrated elastic scattering cross sections from
the present work and the results of other authors at the same or near ener-
gles shows a good agreement,
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width fluctuation cor- Pig.2 : Angular distribution of
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HP and SOM calculation,
- = = HF contribution omnly)

P1g.3 shows the results of inelastic differential cross sections fcr the
first excited state. A significant roreement between the measuvred and the
calculated results is remarkable.

It 1s clearly seem, that there is a veriation in the excitation mechanisn
of the first inelastic state as a consequence of ‘he decrease of the com-
pound contribution, that is due to increase of the number of open chaonnels
for the decay of the compound mmcieus, while the tirect comtribution varies
only weakly with respact to the energy.

There are only a few data for the inelastic scattering of meutrons with
sulphur in this energy range. Esnecially, in the present work experimental
results were represented firstly for bombarding emergies 7 and 11 MeV.
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target. Both secundary neutrons of the 2H(n,2n)p reaction were .neasured in co-
incidence. The crucial probtlem was the reduction of the backeround. Therefore,
the neutron source and the detectors we—e shielded by about 15 tons of steel
and oil. In order to suppress 7~ray detection pulse shape discrimination was

used 3). Fig. 2 shows the measured time-of-flight spectrum together with tie

T2 [ns]
|

i

. —L i
-40 30 -2 -0 0 ) 2 0 40
aT=Ty- Ty (m]

figs ?. Wap-display of the time-of-flight coincidence spectra
from 2?I(n,2n)p break-up reaction at 8, = 8, = 40°,
A% = 180°,
(a) True and random events together.
(b) Random events measured simultanously.

background spectrum of random events which were measured gimultaniously, Coin~

cidences occured at a rate of about three events per hour whereas the single

rates amounted to 5-103 3-1. During several weeks 1825 coincidence events were

collected, The absolute flux of tne 25 ileV neutons was determined by a AE-E

semiconductor counter telescope.
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3. Data analysis and result

The experimental data are affected by a number of inevitable imperfections

such as the finite dimensions of the sample and of the detectors, time resolu-
tion, the energy width of the incident neutrons and multiple neutron scattering
in the sample. Therefore, the experimental data were compared with ..onte Carlo
simulated spectra. Break-up cross sections were calculated by using the Eben-

hoh-3ruinsma~-3tuivenberg code 4)

solving the three-particle Paddeev equations
for charge-dependent rank-one S-wave nucleon-nucleon interaction., For the com-
parison between simulated and measured results the contents of the two-dimen-

sional spectra were projected onto the AT axis (fiz. 3). In this representa-

probon Ep [MeV)
v 0027 0) 03 05 0709
B u o g b 660

neulron energy E; [MeV]
6 7 8 9 p q ? ? % 5

F—— T T !
90+ 4
——ty =26 fm
o ———rm'ZS'm i
- ==rmp=30 fm

()

aven
5

L i 1
35 %0 %5 50
channel number (aT» T1-T2)

Fig, 3. Fvents of the kinematical locus of fig, 2a projected
onto the AT axis after subtractine the random back-
ground of fig, 2b, The upper scales indicate the ener-
gy of one neutron and the corresponding proton enersy
valid for point geometry, respectively., The curves re-
pregsent lonte Carlo simulations,
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tion the fit of the simulated curve to the measured distribution yielded a

value for the effective range

= t
Ton = (2.69 0.27) fm.

This result is in fairly good agreement with the value (2.9 ¥ 0.4) fm which was

recently derived from measurements

5) outside the exact QFS cordition 9, = 0,

etween 19° and 35°.
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MEASUREMENT OF CROSS SECTIONS FOR THE 238

10.5 MeV

N.V.Kornilov, B.V.Zhuravlev, O.A.Salnikov, Fiziko-Energeticheskij Institut,
Obninsk, USSR

P.Raics, S.Nagy, S.Darbéczy, K.Sailer, J.Csikai, Institute of Experimental Physics,
Kossuth L. University, Debrecen, Hungary

Cross sections of the 238U(n,2n)2370 reaction have been determined by the
activation method for neutron energies of 6.54, 6.78, 7.00, 7.50, 7.99, 8.50, 8.99,
9.49, 10.00 and 10.50 MeV. Neutron flux density was measured by three standard
reactions. Corrections for background neutrons and sample counting are discussed.
Measured data are compared with results of previously reported experiments.

U(n,2n) REACTION FROM 6.5 TO

1. Introduction

Investigations on the excitation function of the 238U(n,Zn) reaction from thresh-

old up to 10 MeV is important mainly for practical purposes (fast reactors, hyb-
rid systems, fuel cycles), /1/. Till now two systematical investigations were re-
ported only. Knight et al. /2/ measured cross sections from 6 to 10 MeV (and at
16 MeV) by radiochemical methods in 1958. Recently Fréhaut and Mosinski investiga-
ted this reaction from 8 to 15 MeV by a Gd-loaded large liquid scintillator system
/3/. There is a difference of about 8 §% between these results in the overlapping

238

region. Our experiments give results for the U(n,2n) reaction cross section in

the 6.5-10.5 MeV interval measured by the activation technique.

2. Experimental

Samples of uranium oxide of 1.9-2.8 a in the form of 18.5 mm diameter by 1-1.7 mm
thick disk were nrepared by thermal pression. The chemical composition was deter-
mined to be 90.0t0.6 %, isotopic content of 238U was higher than 99.99 %,

Neutrons with enerqgies in the range 6.54-10.50 MeV were produced via the
D(d,n)3He reaction on the EGP-10M tandem generator using a 40 mm long gas target.
The cell was filled with deuterium gas up to 106.6 kr= except for irradiations
with 6.54 and 6.78 MeV neutrons when the pressure was 66.6 kPa. For input window
a 14.3!0.3 mqlcm2 thick Mo-foil was used causing a 32 keVv (10, Ed=6 MeV) straqg-
ling determined experimentally. The end-wall of the cell had a 0.2 mm Pt cover
to reduce the background from (d,n)-neutrons. Details of the target are described
in /4/.

The enerqgy distribution of neutrons impinging the sample, its averaqe value
and dispersion were calculated from the deuteron stoppinag and reaction kinematics
using data from /5/ and /6/. The mean neutron energy and its estimated total un-
certainties are listed in Table 1.

The neutron flux density was measured by the 2380(n,f), 27A1(n,a)24Na and
56Pe(n,p)ssnn reactions. Uranium samples between two Al and Pe foils of 19 mm in
diameter were put on a fission detector and placed on the beam line 40.020.5 mm
from the end of the agas taraet.The flow-type proportional fission chamber contains
a 0,28 mqlcm2 thick 2380 layer of 19 mm in diameter weight of which was determined
with a precision of about 2 t. The following counting corrections were taken into
account for the fission detector: losses in pulses due to the discrimination thresh-
old, selfabsorption in the layer and laboratory anaular distribution of fragments.
(Discrimiracor threshold made it impossible to count events from uranium alphas as
well as from charged particles of reactions induced in the ctamber.,) Total of these

Work supported by the Hungarian Ministry of Education and the Academy of Sciences.
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correctinns amcunts to 2.531.0 %. Effect of D(d,np)d neutrons on the fission
counts was estimated to be from l.OtO.S to 1844 % for En=8.50-10.50 MeV accordina
to data of /7/. Corrections for {(d,n)-neutrons from the structural materials of
the target were determined by experiments with empty target cell before and after
each irradiation and amount to 1.0%0.5 - lltl 3 for En=6.54 - 10.5C MeV. Thus the
flux determination by the fission chamber has an accuracy of 1-4 % without the

24Na and 56Mn was measured by

uncertainty in the (n,f) cross section. Activity of
8-y coincidence method and Gel.i-spectrometry with an uncertainty of 1-3 % giving
the main source of error in the flux determination. Background effects of (d,n)-
neutrons were investigated by a particular irradiation with empty gas target at
Ed=8.10 MeV (which would correspond to a neutron e;:rqy gg 10.50 ;gg with deuteron
gas in the cell). Contribution to the activity of Na, Mn and U was found to
be 3.9, 2.0 and 1.0 %, respectively. These values were then used together with the
counting rate of a stilbene spectrometer of 6 MeV threshold and current integrator
to estimate background for other neutron energies. Decrease in the neutron flux
density along the sample thicknes was measured to be 3 %/mm. Correction due to the
flux variation in time reached 12 % for 56Mn.

y-activity of 24Na, 56Mn, 2370 and standard sources were taken by a 42 cm

GeLi-detector of type DGDK-70V. Spectra were analysed by a 4096-channel ADC with
peak stabilization /B/ and were fed to the physical measurement centre (FIC) of

3

FEI. Pile-up and dead-time corrections measured by a pulse generator did not ex-
ceed 10 % for counting rates up to 1N00/s. Correction for coincidences of cascade
vy-rays was calculated from measured total detection efficiency and recommended
decay schemes and had a aqreatest value of 10 %. Absolute full-enerqy peak efficien-
cy of the Geli-spectrometer and its dependence on the detector-sample distance have
been determined in the 60-15CO keV renion by a combined method of point-like stan-
dards and calibrated sources of 19 mm in diameter /9/. Spectrum measurements were
carried out at a distance of 15 mm, Accuracy of the efficiency in the 200-1500 keVv
interval is expected to be 2 %,

Gamma-spectra and decay-curves were evaluated with a MULTI-20 minicomputer.

Activity of 237y of half-life 6.75 days /10/ was determined by its 208.0 keV
vy-line having branching intensity of 21,80 % /11/. Peaks of 205.33 keV from 2350
and 209,73 keV from 239Np were accounted for as interferences in the 208%3 keV in-
terval (fwhm=2,6 keV) giving contribution up to 6 and 10 %, respectively. Back-
around of the 2350 line was determined from spectra taken before irradiation while
that of 209.73 keV was estimated from the intensity of the 277.60 keV 239
Contribution from fission fraoment y-lines may be neglected after a 15 hour coo-

Np peak.

ling time. Duration of irradiations with an average taraet current nf 2 ,A ranged
from 7 to 30 hours accordina to the expected (n,2n) cross section, y~spectra of the
activated samples were analyzed in a time period of 20-300 hours. Statistical accu-
racy in the initial intensity at Bn=6.54 and 6.78 MevV was 3 and 2 %, respectively,
while at other neutron energies <1 8% was achieved. y-ray selfabsorption determined
experimentally ranged from 0.61 to 0.72 for 208.0 keV depending on the sample thick-
ness,

3. Results and discussion

Neutron flux densities determined by the three standard reactions are listed in
Table 1. Cross sections from /12/ were used for 238U(n,f) reaction while data for
27Al(n,a) and 56Pe(n,p) reactions were taken from /13/. Although the quoted preci-
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Results of the cross section measurements for the 23‘tl(n,zn) reaction

€, MoV

En t A!.'n Neutron flux density Averaged
6 -2 -1 6(n,2n)
MeV 10" cm s flux
(u:nzsa %) n,a n,p n,f (K) density mbarn
6.5 Y0-9% 12601 - 2.28 (2) 2.19 %o.13 72%s
54 5 o7 . . . .
+0.08 \ + +
6.78 o | 1-66 1.65 1.87 (2} 1.76 =0.08 251 =13
+0.10 _ + +
7.00 -0.07 3.32 3.57 (2) 3.49 -0.12 402 -18
+0.10 + +
7.50 5707 | 3-48 3.32 3.64 (1) 3.48 :0.09 830 :30 } 831 30
4.02 3.69 4.06 3.92 =0.12 832 =32
7.99 *0-10 1 3 33 357 394 (1) 3.68 *0o.06 |1077 31
-0.08
+0.10 \ + +
8.50 -n.08 3.81 3.92 4.09 (1) 3.94 -0.08 1244 -41
+0.10 : +
8.99 "o | 4-14 4.24 4.22 (1) 4.20 ;o.oq 1345 +35 }1344 *+35
4,36 4.62 4.62 4.53 -0.09 1343 -42
9.49 *0-00 12,74 - 2.69 (0.5) 2.72 0.03 |1371 36
10.00 *0.08 | 4.07 4.03 4.19 (0.5) 4.08 0.0 |1413 37
10.50 t0.08 | 4.17 4.39 4.76 (0.5} 4.38 %0.15 | 1466 163
T L VY LA T ¥
I § % + 1 Pig. 1.
% Excitation function of the
L | 2”U(n,Zn) react:on from
% threshold to 13 MeV.
zuu Cross sections of the pre-
8 ‘ﬂ,Zﬂ) 4 sent work shown by filled
+ circles are cnmoared with
i ‘ 1 results of /2/ and /3/.
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} O Fréhaut, Mosingki
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sion of the (n,f)-cross sectior was lower than that of the others we considered
the different measurement technique as welli as the sensitivity to backgrouné neut-
rons and chose the following averaging procedure for flux densities:

$ = %(n,a) + §(n,n) + K-¢(n,f)
2 + K

K values are listed in Tahle 1. The average neutron flux density and its deviation

238

as well as the cross sections of the Uin,2n) reaction and their estimated error

are summarized also in Table l. Ouoted errors contain: standard error of the mean
for the averaged flux density as well as error of the determiration of the 2380
mass (0.6 8! ,GeLi-detector efficiency (2.0 %), selfabsorption correction (1.5 %)
and branching intensity of the 208.0 keV line :1.C %). Reliability of our experi-
ments was checked by repeatinag the irradiations at 7.50 ané 8.99 MeV neutron ener-
gies. Results in Table 1 show an excellent reproducibility.

Cross sections of the present measurement are compared with data of earlier
experiments [2/ and /3! in Fig. 1. A qood aagreement may be found with results of

Fréhaut and Mosinski while Knimht’s data are systematically hiaher.
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EFFECT OF SCATTERED NEUTRONS ON THE
14 MeV RLACTION CROSS SEC.IONS DETERMINED BY THE ACTIVATION MFTFND

P.Raics, S.Nagy, S.Darfczy, Institute of Experimental Physics, Kossuth L. Univer-
sity, Debrecen, Hunqgary

Effects of neutrons scattered from a water cooled target assembly of stain-
less steel on the activation measurements are discussed. Neutron spectra were es-
timated from elastic and inelastic processes and then absolutized exeeriuentally
by foil activation. Activity fractions fo. the "14 M2V neutron qroup were calcu-
lated for reactions of different threshcld.

1. Introduction
Effects of scattered neutrons on the la MeV cross section of (n, v) reactions mea-
sured by the activa’ ion technique are well known /1,2/. Such problems are someti-
mes arise for reactions of higher (>0.1 MeV) threshold, too. Nethawav mentioned
the effect of neutrons scattered from the room walls cnly /3/. Michel and Weicel

estimated the distortion of the 14 MeV peak and mear neutron eneravy for a neutron

tube /4/. Ricci calculated the neutron spectrum for a water cooled Al target as-
sembly taking into account elastic scattering only /5/. Spectrum measurements of
Graves and Rosen [6/ made by nuclear emulsion, show a pronounced increase of low
enerqy neutrons of evaporation shape when the target is surrounded by iron. The
role of the inelastic processes was also confirmed by Shani’'s experiments on the
crcss section ratio of the 238U(n,f) and 238U(n,2n) reactions for iron absorbers
/7. Influence of the source surroundings on the spectrum was also demonstrated
£, MNayv et al. with activation measurement for neutrons slowing down from 14 MeV
in 2 saraf"in moderator  3/.

~hes: oroblems have some general importance nowadays when high power genera-
tevs and  2utren tubes are in operation with special tritium target systems for
efficient cocling and large radiation shielding. The present work is dealing with
Lthe estimation of the contribution of the low energy neutrons to the 14 MeV acti-
vity,

2. Experimental

The followina reactions have been used to measure the neutron flux density:
115In(n,n')nsmIn, 27Al(n,p)”Mq, 27Al(n,a)24Na, GSCu(n,2n)64Cu and 63Cu(n,2n)62Cu
having thresholds of 0.339 MeV, 1,895 ("effective”~3) MeV, 3.248 (~5) MeV, 10,058
and 11.023 Mev, resnectively.

Neutrons were produced via the D+T reaction with analyzed deuterons of 175
ts kev energy. A water cooled robust target holder of stainless steel contained
the TiT layer on a Mo-backing. The target surface was directed at 45° to the deu-
teron beam. Sandwiches from In, Al and Cu foils of 19 mm in diameter arranged in
a Cd-box were placed on a thin Al-ring with radius of 70 mm at angles of 0°, 3600,
t90°, $120° and -150° to the beam. (The original experiment rac devnted to deter-
mine the 238U(n,2n) reaction cross section therefore the sandwiches contained also
0308 powder of 1.5 g pressed in a thin plexiglass box.) This arrengement is re-
produced in the insert of Pig. 1,

Activity of the Al and Cu samples was determined by a flow-type 4npg-counter
while that of In was measured by a Geli-spectrometer, The following corrections
were applied to calculate the reaction rates: time fluctuation of the neutron flux
during the irradiations, change of flux due to absorption in the sandwich and the
distance between the foils, selfabsorption of f-particles and v-quanta, dead-time
of countings, losses due to pulse pile-up and cascade coincidences of Y-rays, in-
terference from the 63Cu(n,Y)“Cu reaction. The following references for the cross
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sections were accepted: /9/ for the lsIu(n,n') and " 'Al(n,p) reactions, /10/for
©3cu(n,2n), 710/ for the 2'Al(n,a) veaction up to 13.5 MeV while /11/ was used for
the 13.5-15 MeV reqion, /12/ for the ‘an(n,Zn) process around 14 M=V and data of
/10 were chosen below it after a no-malization to values of /12/ in the 14 Mev
region.

3. Results ard discussion
Neutron flux densities calculated in the usual way are shown in Fig. 1, which may
be a cuharacteristic picture for reutron fields of such a target assembly. Pres-
ence of lov energy neutrons is well demonstrated mainly by the 115In(n.n') reac-
tion. Results of the ‘3Cu(n,2n) reaction contradict to the others which can be
explained perhaps by the uncertainty in the cross section therefore it was neg-
lected in the further calculationms.

Rowever, inconsistency in the data set of the remaining reactions as well as
the relatively low intensity of the scattered neutrons made it impossible tn de-

{ \/ \/\ T Fig. 1.
: »
‘ A | ‘\k_‘~/ t Reutron flux density as a function
t o o’ 8 w . of the reaction threshold
- ] I - Results for tre (n,p) and (n,a) re-

actions are indicated at their "ef-
€ective threshold”. Error bar snows
fluxes calculated with extreme va-
lues of literature cross sections.
Top of trianales represents correc-
—_— ted flux density while their base
indicate the 26 (95%) width of the
estimated enerqgy distributicn in
the 14 MeV peak. Neutron source -
sample arrengement inserted in "T".

> AT-g
§ ' rAtend

a
=

o A e Bl R

termine the comnlete snectrum directly from the resulcs of foil activation, with-
out any knowledae about its but qualitative structure. A starting distribution
shape was estimated on the basis of single elastic and i{nelastic processes on the
structural materials of the taroet assemkly (H,0,C,Pe,Mo). This spectrum can be
characterized by main reaions as follows: 0-4 MeV, 4-9 MeV, from 9 MeV to the
beainninag of the 14 MeV peak and this l=tter itself which has some distortions,
too. Absolutization of these intervals was carried out by the experimental reac-
tion rates. Such a nrocedure has the adventage also to imply effects from all the
other sources of backaround neutrons which are dffficult to be considered accura-
tely in the theoretical spectrum calculations, e.q. (d,d)-selftargets in the beam
handling system, scattering in the sample itself, room walls, etc., (Cd-cover cf
the sandwiches increases the intensity appreciably in the 0-4 MeV region.) The
following features can be drawn from the spectrum of neutrons impinging the sam-
ple at 0° direction: O-4 MeV represents 11.3%, 4-9 MeV O.4%, 9-14.2 MeV 12,.4% and
14.2-15.1 MeV {(with a mean enerqgy of 14.80 MeV, 75.9%, It is interesting to com-
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Table 1. Fractions of the activity induced by the “real 14 MeV neutrons”, t
U-238 [U- 235 [In- = AI-27 RI-27 [0~ Cu-§5[Cu

XY <Bn>:arn n,y | n,f | n,n’ nf | n,p |n,ea n.2n [n,2n in,2n
Nev Ep=0| O [c.339 | 0.8 | 3.0 | 5.0 |6.17 |10.06|11.02
o®f1a.8c - 101 s.63 861 s9.6 811 82.8 855 761 919 946
+60° | 14.45 0.12 | 6.75 81.9 59.7 85.7 82.1 85.7 76.5 92.8 95.6
-60% [ 14.40 '0-22 | 2,01 69.7 46.6 80.6 78.5 82.5 72.7 %0.8 93.6
+90° | 14.13 20.08 | 8.40 78.8 54.9 81.0 77.1 81.6 71.9 0.4 93.8 |
-90° [14.10 *:23 | 2.26 68.3 42.3 77.2 5.1 so.s 70.9 9.8 94.3

+120° | 13.75 t0.10 | 6.36 76.7 S4.3 77.4 76.3 81.5 73.3 90.6 94.3
-120° [ 13.76 t0.10 | 3.48 70.9 48.8 76.7 74.4 78.9 71.2 87.4 92.3

-150° | 13.51 :8'ii 5.23 71.2 52.0 77.6 76.7 80.4 73.8 89.2 94.3
45° [14.62 *0-29 |12.95 88.6 8.9 90.9 8.0 91.1 83.5 96.2 97.9

pare situations for +90° and -90° positions: 0-4 MeV 7.5%, 4-9 MeV 0.5%, from 9 MeV
to peak 17.8%, neak 74.2% and for the same regions 24.9, 0.4, 15.1, 59.6%, respec-
tively. Our results agree qualitatively with those of /€/ although show a praonroun-
ced neutrsn excess between 9 MeV and the peaks. This character also Supposed in
/7] is perhaps due to inelastic neutron scatterirg. More details are given in /[13/.

Fractions of the activity induced by neutrcns in the 14 MeV peak for diffe-
rent directicns were calculated on the basis of the spectra and excitation func-
tions. Results are summarized in Table 1, where cross secticn for the
ZJBU(n,f\ -nd 235U(n,f) reactions were token from /14/ while that of U/n,2n)
is our corpilation /13/. The last line in Table 1 refers to data for 5 sem distance
ci a sample fr.m the source, surface of which is alsc directed at ~45°. Energy
distribution of the peak was estimated from the reaction kinematics for completely
stopped deuterons (£d=175 keV) and irradiation geometries and then distorted by the
scattering prccesses. <£n> is its mean value while ABn is used in the usual 16
(68%) sense. Uncertainty of the fractions was estimated tc be about :lt, excluding
(n,v) reaction. For comparison, results in /5/ gave fractions of 86 and 92 % for
the 27A1(n,a) and 63Cu(n,Zn) reactions, respectively.

It 13 now clear what an error can be introduced with the neglect >f backqround
neutrons when cross section of reactions having significantly different excitation
function is compared - as it is usual in the foil activation experiments.
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(IPf3&= H PABHOBECHHE MPOLBCCH B (p. n) PEAKUWIX DIIP4 HEPIYM iPOTCHOB
22,2 + 0,2 3B

H.C.bapoxop, B.B.Eypamnée, A.ll.Pynesxo, O.A.Cannamkop, B.H,TpuroBa

¢H3EKO-2HeprerRYecKail mHCTETYT, T.00EMHCK, CCCP

Crexrpu HefrpouoB B3 (p,rn ) pearmui va agpax 27 4¢ , %2Cr 560 5880
90,9947, 11570 81 Ta ,'974y wamepexy npR SHePTMH OPOTOHOB 22,2 > 0,2 MaB mox
yraam 30°, 60°, 90°, I120°, 150° PesyawrarTu aHaIM3a SKCHEDUMEHTANLEHX NAHHEX
DOKA3HBAUT, 9T0 HEPABHOBECHAHA YACTHh CHERTPOB OpaKTH4eCcKd HOIHOCTHD OCYCJIOBS EHA
Opmenel OPORECCAME, OTBETCTBEHHHME 33 ACEMMETDHED B YIJIOBOM paclpenejieHEm HelTpo-
HOB.

IlpoBeniesHte HaMd HCCJAEJNOBAHMA CIeKTPOBHE YIVIOBHX pacmpenesieHuil He#TpOHOB u3
(p,n) peaxmi npn 3meprmm nporoHop 11,2 + 0,1 MaB [I,2] moxazam, urTo Bumenenme
BKIAJ3a OpAMHX OPOIECCOB, ONpEAENfeMHX KAK acHMMETDMYHAas KOMIIOHEHTA HaGJIONAEeMHX
YyTNOBHX pachopeneneHsfl, OPRBOIMT K 0oJiee COIVIACOBAHHHM 3HaYeHHsM [apaMeTpoR ILIOT-—
HOCTE ANEpHHX YPOBHe# [0 CpaBHEHED C pe3yJbTarTamu, NOJAYyYAaEeMHMN B PaMKaX MOIe/m
OpeApaBHOBECHOTO pacnaja sgep Wu 0e3 yieTa HepaBHOBECHHX [pOLECCOB BooOue,
Ongako, XOTA acEMMETDHA B YIVIOBOM paclpefeNeHEM HECOMHEHHO yKasHBaeT Ha Hajiuuue
gpAMEX OpOLeCCOB, OHA [O3BOJiAET ONpele/nTh JHNE HERHOD TpaHyuly umx BKiaga. [paMue
OpOLECCH MOTYT OPEBOSMTH B K CHMMETDAYHOMY AJM HM30TDPONHOMY YTJOBOMY pacOpesefe-
HUD OPOAYKTOB pPeaKilu, B YaCTHOCTH, R3-32 MCKAKEHHA BOJHOBMX (QYHKIMHA Ha9aIbHOTO
B KOHEYHOIro COCTOAHUY MOTEeHIpMaloM fIpa, OTAe/MTH KOTOPHE OT pachaja dYepes coc—
TAaBHEOE ALPO IKCIECPEMEHTAJNBHO He NPEeINCTaBJIAETCS BO3MOXHHM M NPAXOIHTCS IeJaTh
OLIeHKY BKIANA 3Tof cocrap/mmefl B paMKax HMenmHXCA MOxesed [3,4] . [Ip¥ sHepruy
Hajlerammero HyKioHa okono 10 2B Brnaxg aToit cocTemnswijeft MpAMI. MPOLIECCOB B MH—
TerpaNbHull cHeKTp OJM30R K acEMVveTPHUHOL KOMIOHEHTE [1.2,3,4} . C yBenmdeHuem
3HePI'NE, ONHAKO, BMEeTCA TeHIeHIMA K POCTY acMMMETDPHIHOZ KOMIOHMEHTH H MOXHO Ha-
ReAThCA HA NOayYeHMe Oonee TouHof EmHGopMAIME OO HHTETPANBHOM CHEKTpe UACTHL,
ACOYWCHENX B OpAMHX B3amMOJCHiCTBHAX, M3 aHAM3A N3MepAeMHX YTJOBHX pachpenesexnf,

B nmaumof paore m3MepAMCH CHEKTPH HeltrponoB u3 (p,n) peaxmuit Ha ampax
27400 ,52Cr ,56Fe ,S880N; (0997, uSq, 18Tq ,1974u OpM 3HEPIMM NPOTOHOB
22,2 £ 0,2 MoB mox yraasmm 30°, 60°, 90°, 120°, I50°. MamepeHua DpOBOMLTHCH H3
clexrpoMerpe HEATPOHOB OO BPEMEHR OpoJeTa, CO3NAHAOM Ha Oase I50~-cMm ImKJIOTPOHA
%M [5]. XaparTepune METerpajibHHe COEKTPH B JT/IOBHE pacUpefeJieHEA HefTPOHOB IpH-
Benens Ha puc. 1,2,3. B Bane rEcrorpamMi Ha pHCYHKAX ODeNCTABIGHH CIIENTDH HefT-
POHOB, EMENDEX aCEMMETDRUEOE JTJIOBOE pacmpefnenesre, JiA NOAyUeHES TAKUX COEKRTDOB
yTAOBHE paclpeneseRAs HERTPOHOB IO IMepreTHYecKum METepBajaM I MsB anmpoxcamupo-
BRUNCH pPA3JOReHEeM (O ONOVEHOMEM JexaHnpa OO BTOpOr0 OOPANKA BKANYET@JBHO; BKIAK
acCHMMETPNIEOZ KOMIOHEHTH QDM TaKOM MpefAcCTaBJeHME onpernenderca xosfi@imenroM mpu
JepPoM TOANAOME [I * 3]. Ing Bcex HcoyenyeMX AfeD B BHCOKOIHEDI'eTEUHON dacTi
TECTOIpDAMMM COBNANADT B NpEefesax TOYHOCTE N3MEDEeHHA ¢ HHTEIDANBHLME COEKTpaMt
SMECCEN RefiTPOROB, yRA3MBAA T6M CAMHM HA DDABEABEOCTS B OOJHOTY ompelesiesms
BRAGEA OPAMIX OPOLieccOB Yepe3 acEMMETDRD B JIVIOBOM pacHpefeJieNME, no kpaftmHeft me~
pe, aaa eroff ofxacrs emeprifl,
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Puc.3. YrunBHe pacopenesiesEst He#dTDOHOB.
KpupHe - ANODOKCHAMAIMSA pasJoxe-~
HHEM DO [OJRHOMAM JlexaHmpa.

R R N T N R I S B RN R N A S
a8

Pac.I,2, @ =~ VHTerpansHHE CIEKTPH HefTDOHOB;

0 =~ HHTETpPaJbHL- CIEKTPH Helff’DOHOB MOC/Ie BHYATAHMS ACHMMETDHYHOHN
KOMIOH@RTH;

Tacrorpamvii — cnexTpd HefTPOHOB, MMER(HX ACHMMETPUYHOE YTJIOBOE
pacopesenesue;

~——— - pacyer mo gopMyse Jlexyrepa;

= = = = pacuer no MIP;

== = [DEIPABHOBECHHE COEKTDH HelTpOHOB,

OcoOeHHO XOpomO 3TO COBNaiueHHe NpOABIAETCA L/id Anep ¢ A> 90, rae adeprermyeckui
IEAIA30H, Ha KOTOPDOM BRJIAIOM OT 3MECCEE X3 DABHORECHHX COCTOSHME MOXHO mpeHed-
peub, IHpe BCIEICTBUE GoJee MATKOY paBHOBECHCLE HACTH COEKTPOP ¥ Jojee HUIKMX
3HavYeHul Qp,n peawmit, ueM 1na A< 60, LomoaHuTesbHan HHPOPMAIMA O ITOCTOBEPHOCTH
TaKoro ofpeneNeHus cloerrpa HelTpoHOB, HCAYWEHHWX B pe3yJabTaTe NMpAMOTO B3AKMO-~
neitcTenA, MOKET OHTH mOsydeHa M3 aHAAHM3a CNEKTPOB, OCTAMUMXCSH NOCHE BHUMTAHKMA
3 HHTETPANBHNX CIEKTPOB aCEMMETDPHUHON KOMIOHEHTH, B paMiax cTarucTHyeckol Teo-
DHE PaBHOBECHOI'O pacnasna fAnep. B maHHofi pa6oTe yKasaHHHe CIEKTPH (CBETJHE KpyK-
KM HA DUCYHKAX) omMMCHBaMMCEH opMysoit Jiexyrepa [6], IosydyeHHoit B Momes mocJeno-
BaTeJBHOTO UCOapesHa vacThll,



Puc.4. 3aPECEMOCTE TEDMOXRHAMY-

qecxofl Tesmieparypy OT
MRCCOROTO TMCAA.

Tacmmna 1.
v , 24 o SMECCER 4
fAnpo- a a ’ HeMTPOHOB acEmM
pes. [ o oRepruek
MEDeS b >1
(HoB) sty el (e (Moapa) (%)
2\ 2,43t0,03 3,14%0,13  3,95%0,16  3,%%:1 1Mt 18,5%,3
52cr  1,85%0,02 5,50%0,I7  6,52%0,22 ’6.89*_8-38 760%50  II,5%,2
Spe  1,770,02 6,02%t0,22 7,03t0,25 7,8200:%  eevi4s 81,3
N 1621002 5,50t0,2  6,70%,27 7,193 motm  Ie,2tre
0ne  1,66%0,02  6,25%0,24  7,40%0,28 8,3570:%%  noINs 7,66
0zr  1,3%%0,01 9,252 10,500,25 10,1733 1257tar  7,8%,5
- "10,34%0,60
9177  1,43%0,01 10,20%0,22 11,40%0,25 ;' ,.+0,38 Isi6ts  7,3%0,5
12220,29
12,8130,25
M0 1,4240,0I 10,90%0,24 12,10%0,27 13:15:01% 1824*t18  6,9%1,5
15m  1,31t0,01 12,70%0,30 14,00%0,33 15,7870'30 1es6%107  9,3%1,4
18It 1,03t0,01 20,00%0,63 21,60%0,68 21,18%['% IosetI27  II,0%2,4
1970(” 1,11¥0,02 16,40%0,68 20,03%0,74 21, 19*:% 171
Ipumedanne. oLacum. - 10As HefiTpoHOR B HETepBase 2nepruit (1,0 + Emar ) MaB,

EMeUEX ACHMMETPHUHOE YTJIOBOE pacmpenesexse, ( * ) ~ 3HAUYEHHA ahes, OpEBeneHs
I/A GAEXAUDEro aTOMHOTO THCAR, ( + ) - M3MEDeHRA MpPOBENeHS TOABKO Mg yraa 90°
§ aHas43 CNexKTpa MpoBelieH B MEama3one aHeprut wedrponop (1,0¢ 4,0) MaB, rue

HepaBHOBECHORt aMMCCEe? MORHO OpeHelpedn
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Pesyaprary asam3ss, Opexcrapiemmie Ba pecymEax 1.2,4 m » ratmne 1, poxasusant:

I) Coesrpu wefirpomop P OpEXEAEX IECHCPEBETAIMMX OSBOON onmcCuBeETca $opay—
aof Jexyrepa;

2) Jamxcmocrs repuoaamsamtecaol remmeparypu, 3mavemEs movYopol IpEBezeru x
ommnanopof cpexmedl juepram nodUygenns 15,4 ¥WB corzacso mupaEssED
£-Yu/a , or MRCCOBOIO WECEA COOTBETCTBYCT IDEACKASMEND MOXCXN Jepsm-ra—
sa t=CDﬂ.$‘t,/ﬁ— H

3) JdsavesmA DApEMETPA ONROTHOCTE AXCpEMX ypopsed "a’'", oCpexexemwie B COOT-
BeTCYBER C E3BECTHEM Bupaxesmex Baficxonia A7m JHELTETHRECHCH SaBRCEMGC-

TR OFOTHOCTE ypcbHel, YODOBO COTZacywrcd ¢ JRHNLEMZ 1C EeRT[CIEM [e20~
Hascam [7,8], fB2ANNEMECH BAROOZEC IDAMCY INCTC[UMCHTABHCE ZBOCTMRIN~
ei.

Saavenus napamerpa "a”, COOTBETCTBYIXWE JHEPTeT:::eCKOX JaBACERNGCTR I[[EIIUCHC—
HOAEANLEOTO MEOENTEAS B BUDAESNNN ~r9 ILXOTHCCTR FpCBEE: L 4, HeCKCTBXC ERYe
[EIOHAHCHNT NAHEMX. TPYRHO ORHAKD OTIATh MPEANCITEHRE Tew WMl MEMM 3JHAYes SN
13paMeTpd, TaK KaK Axs 3HepIEd BOICYXIeH¥s BHEe IHEDIWX CBAZN EMEITSI yXa~-aikd
Ha HEROTOpOe YMeHLEOHNE [1OTHOCTN YPOBECE GC CPABECEKT C IpeICEaJaryes MW erx
¢epm-ra3a NpN yCNOBAR, TT0 ACCONTHAA HODMEDOBKA TPCE3EEJeHA Ha tagmye Io
HelTpoHHLM pe3logdaNcaM [9]. B pexoM e MONEO OTMETETH, YTO (EApAMerpu JXOTHOCTN
SiRCpEMX ypopaefi, onpezeres e HayM E3 AHANN3IA CHCKTPOB JOCXE BUINTANRA ACKMMET—
pAtHOR FOMIOHNENTM, HAQXONATCA B PA3YMEOM COTVACNR C NAHNIAME 0C HeITLORNMX [630-
HaNECaM X C COBDOMCHEMME NDEACTABACHRAME OC WIMEeHESEE IiCTHCCTR YpOBEeZI C 3He[—
rEel PO3ICYRNCHNS.

Tarum o0pa3om, OMNCAHHME HEEE CHOCOC OGPeTEACHES CIEKTL2 HeFTICHOB, RCHy-
REHHUX B PeIYALTATE OPAMOIO BLaERMONECHCTBEA, Yeped ACKMeTDEE B JTJIOBOM [acipe -
JeAeREN NDEBONET K COTZRCOBRRHOMY DA3XCKCHED MEXAHE3MA IMECCER MERTDONOR B E~--
caexyessix B mammof padore AXepEMMX DeANNMAX Ha DABHOPECHME N NpMMOi.

IAs cpapHeSEAR C MOXYYCHIOM DEe3YAMTATAME CHERTDH REHTPOHOR OMAN [ OaMaNE-
3EDOPAHM TAKEC B DAMKAX MOACAN MpEADABEORECHOTO pacuaxa saep (MIP), asmaxorxdHo
TOMy KaK 270 CACAGRO RaMm B padore [I]. B cpexmenm, {IP Nenxoxo OOECMBACT NETEI-
peJbiNe coexrpy HedTpONOB, HE OTDAXas ONAKO CTPYRTYDHMX OCOUeMNOCTel, HaACAD-
KX Ha axcOepmmente. JA DAma imep (2'7A['58m.9lz.,.94zr_115 .1811‘& )
HemAoX0oe COTASCNE EMECT MECTO E NEXXy CHCFTDAME MMCCEN HeSTpoNOB E3 HEDABRO-
RECHIX COCTOAHER, ONpefeAfedalX, Kax E3 asajiN3a yriAopix pacuperexemni (acmeeer-
PEUEAA XOMIOHEHTA), TaK N N3 pacuerop B pamax llP, XOTS aCEMMETDRSA B FTAOBOM
pacnpenesenEd Opd TAKEX HE3I0KX JHEpruax ke ofsscasercs 3 MIP. Tamoe copnagemue
yxa3uBaerT, NOXRAYR, JENDL Ha OpENMymecTBOHALH BEAAX ODM&X OPOLECCOB B ODEADAB—
HOPecHM pacmas siep, ERTepperanmda xoropux 3 P ABXAACTCS CXNNKOM yOpomesmod,

Tak Kax RauMepeHNs COEXTDOR N YTAOBHX pacOpesexesmk Hegrpouos X3 (p,n) pe-
aKmil MpoBefeHik IAA XOCTATOYEO SOABROIO YHCAR fnep, MPEACTABMAAETCA BOIMOK-~
HOCTh OPOCACINTH 2RBECEMOCTD ONPEACACHROTO HAME CeYCHER NDAMOTO B3AEMOXEUCTBENA
oT Maccosorc urcaa, Corsacto Jleiimy [IO]. ceveuNe BOICYRLEHEA ¥300aD-QHAAOIOBKX
cocrosuit B (p, N ) peaxiusx (opouecca, NPOTEKANEETO, B OCHOBHOM, BCACINCTBEE
OpAMCTY. MexamEama szameoneficrsan [I1] ) mponopmmosansio (N -Z )/A%/3, B sammoi
pacoTe .4l ompeResseM ceYeume, NPORETEIDEDOBAANOE 0O GOABNOMY WMCAY COCTOSHHIL
(Eg I,Oo]-:',{"' M3B), R ero 3aBECEMOCTS OT MACCOPOIO WNCAS MOXET ONTH HECKOABKO

mnof. [loaToMy Ha OpeaMeT COTNACOBAHRA C ONMpefesieHHMM H3 AHAIKIA IKCHEPRMER-
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CeYeHHAM: ODAMOIO B3AEMOREACTBAA RCONTHBAJRCH KpDOME JaBRCENOCTH
(N Z)/A , Gmusrme & Ret (N-Z)/A = (N -Z )/a% 4/3, a raxxe mamdoxee OpOCTHE
3aBHCEMOCTH (N Z) B A, He NpOTHBOpEYAEE SBHO conoxynnoc'rn SKCIePHMEeRTalbHHX
TOYeK.

Ha 5 % yponne 3HAUEMOCTH DacHpeneleHHs TOXbKO AA7 3aBHCEMOCTE (N -Z)/A xpm-
repuit K< y2 5% [I2] OCTaNbHHE 3aBACHMMOCTE C TOYKH 3pEHUs HX COTJAaCHA C IKCHe-—
PUMEHTANbHEMA NAHHHMA NIOJKHH OHTH OTBEPTHYTH. Kak moxasaHO Ha pEC.D, HpOropuEo—
HankHocTh (N -7 )/A Haliwomaerca ¥ IUIA CedYeHM{ OPAMOIC B3aUMOKEHCTBMA, COpeleleR-
HHX HaMpl 43 aHaJM3a 9KCUEpPUMEHTAJIBHHX MaHHHX Opd SHEPIM [IPOTOHOB 11,2%0,1 iisB
[1,2]. B mpenmonoxexmy, YTO yKasaHHasd 3asMCEMOCTH OT MACCOBOTO TMCIA CHpaBenmBa
B V1A ITPOMEXYTOUHHX OHEPIMlii MpOTOHOB, MOKHO NeJiaTh OLEHKYy BRJIANA NpAMMX MpOuLECCOB
¥ ¥X KOMIIOHEeHT (acmmMeTpWdHO# m ®30TpomHof#t), ECHNOAB3YA LJA 3TOIO B OEpPBOM MpRO-
JUXeHHN JRHERHYY UHTEPIOLAHMD,

OGHOBEHE pe3yJbTaTH PACOTH CBOOATCA XK CJeLymueMy:
a) Coexrpd He#TpoHOB 3 (p,n) pearmit n:amepe}m Opr 3HEPIHy nporoaon 22,2%0,2 MaB
LS Anep 27p pof‘r* ,56C’€ ,5 Ne 6 Ne , %z, zp, 947.1‘ 1157, ,IBITa oox yraa-
v 30°, 60°, 90° 120°, 150° u ,u.a I97pu nox yroiom 90° B umMpokoM manasoxe SHEP-
Tuit meoycKaeMsx Heiirpoxos - [1,0 + (Ep+Qp n )] Mo,
6) AHaJM3 3KCIEepPUMEHTANBHHX NAHHHX [IOK&3aJ, YTO OlpelejeHue COeKTpa HeilTpoRoB,
UCIOYmeHHHX B pe3ysbTaTe IPAMOTO B3aMMOIEHCTBUA, 4epe3 acHMMeTpun B JTAOBOM pac-—
npefesieHyy NPUBOOAT K COTVIACOBAHHOMY Da3jesiesyy MeXaHuama aMUCCHM feiffTDOROB B
HCCJIelyeMHX SrePHHX PeaKiMaX Ha DaBHOBECHHH M OpaMofi.
B) lloKasaHo, YTO HEMEHeHile OIpeleJeHHOTO TAKEM 00pa3cM CeuYeHEd OPAMOTO B3aMMO-
neficTBMS OT MRCCOBOTO WMCJa Opomopimoxagdsso (N -7 )/A.

st } Puc.5. 3aBUCHMOCTL CEYeHmA
'I + | [IpAMOI'0 B3amMoieicTBUA

‘%“’ . H— e al OT MACCOBOTO UMCJA.
3 #& T ® - E =22,2 MsB;
i " o - E=I1,2 MsB;
[ 9 ?
---ﬁr _________ o>l s - E=I1,2 WsB,

x3 - - = acHMMETpUUHAS KOMIOHEeHTa.
J4TepaTypa

I. H.C.BupuwkoB, B.B.Kypasnép ¥ mp. A.0., T.29, BuN.6, (IS70)
2,H.C.Bupoxos, b.B.Eypamnés ¥ xp. [penpmar @W-9I0, (I1978)

3. H.C,Buprkos, B.B.Eypassen 1 mp. f.0., .25,767, (1977)

4. AB.MraaTox, B,0.Jyeés, B.T,lpouses, Npenpmer &OM-682, (1976)
5. H.C.bupoxoB, F.B.Xypassép u xp. Opeapmur I3U~94I, (1979)

6. K.l. Le Couter and D.¥, Llng. Nucl. Phys. 13.32p(1959)o

Te A.G11bert and A,G.¥, Cameron. Can. J. Phys. 43, 1446, (1965).

8+ B,Baba. Bucl. Phys. A159, 625, (1970).
9, A.B.MruaTox, MaTepmaiy 3-efi mKoaM No Hefirpouno#t w3Eke, Aaywra, (I1978),

JIyona, (1978r,), cTp.50
10¢ A.M,Lane, Buol. Phys. 35, 676, (1962).

II, 3,D.0arleon et al. Nuol, Phys. 4249, 29, (1975).
12, L.Xyncon. Crarmcrmxa nia {mauxop. Mam, "Map", ldockea,l967r,
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ON THE CHARGE DEPENDENCE OF NUCLEAR FORCES

I. Rotter
Zentralinstitut fir Kernforschung Rossendorf, DDR-8051 Dresden

In recent years considerable attention hes been devoted to the interpretation

of energy differences between mirror pairs of light nuclei, displacement
energies of isobaric an=log states in heavier nuclei as well as to the in-
vestigation of isospin forbidden transitions end isospin mixing in nuclei.

The hope was to extract information regarding the nuclear wavefunctions since
Coulomb effects in nuclei are believed to offer the possibility of separating
the known Coulomb interaction from the gmbiguities of the nuclear wavefunctions.
The results obtained are not encouraging. Coulomb energy differences are much
wore complicated than originally anticipated [1]. The predictions of the
Hartree~Fock theories for the neutron radii do not explain the Coulomb energy
enomaly. It is not clear which radii agree with thz experimental data (e.q.[2]).
The situation in isospin forbidden transitions is similar (e.g.[3]). Therefore,
charge dependence of nuclear forces needs discussing.

some charge dependence of nuclear forces arises from meson exchange forces. In
heavier nuclei, an additional source of charge dependence exists which is s
typicel nuclear many=-body effect, Nir [4] showed thst & correlation exists
between the Coulomb displacement energies and the binding energies. Some re-
g.iarities have been found also irn isospin forbidden decays [5]. These facts
suggest thet the isospin impurities are not dominated by accidental near-de~-
generacies of the statee with different isospin but instead arise from a
mechanish which reflects general properties of the nuclear structure.

Theoretically, an effective charge dependence of nuclear forces in the subspace
of a traditional nuclear structure calculation arises from the coupling of the
discrete states to the continuum [6]. The effective Hamiltonien appearing in a
traditional nuclear structure celculation due to the truncation of the total
function space contains the coupling between the space of continuous states
(P=space) and the space of discrete states (Q-space = function space of the
traditional nuclear structure celculstion) [7]:

eff , +)
Haa = {GQ + HQT’ GP HPG (1)

Here, HQQ = QHQ end HQP'E QHP vhere Q and P are the projection operat?ra onto
the wevefunctions in the (O~ and P-gpace, respectively. The operator GP") is
the Green operator in the P=-gpace.

The matrix elements of the secornd term of the operator (1) ere givenin the
following manner

<l Hap G Hipg | >

—

-5 [dE B HIZES (- E) K EETHI > P

<

Here, the functions d’ R are eigenfunctions of the operator qu (treditionel
nuclear structure wavefunctions) while the functions ;’g ars eigenfunctions of
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Hpps The eigenvaluee of Hpp 8re denoted by E' whereas ¢ and €. stand for the
channel snd its threshold energy, respectively.

A charge—dependent residuel interaction hass not been introduced explicitely in
the ters (2).

Nevertheless, it is charge dependent due to the central Coulomb field acting on
the discrete (¢R) as well as on the scattering (gg) wavefunctions.

The matrix elements (2) and their charge dependence are non-vanishing not only
for decaying stastes but also for bound states. They lead to an energy shift
QEy of the states

akp = £ - f%n
- ReZ [oE Wy [HIZiH(E-E) <Fo[HId> @

Here, Ep is the ener$¥ of the state in the continuum shell model (real part of
the eigenvajue of H® ) while E%M is the energy of the state in the conventionsl
shell model (eigenvalue of HQQ). For bound states, the sum in eq. (3) runse over
closed channels only. The width I"'R of a deceying state is given by the imagina-
ry part of the eigenvalue of Hagf at the energy Ep:

R = 2;:“:,;5,

A Z < [HIE S ELH >

The sum in eq. (4) runs over open a3 well as clceed channels.

(4)

The charge dependence of the effective Hemiltonian (1) is charecterized by the
relative energy shift between rnalogue states as well aes by the difference be-
tween proton and neutron widths of snalogue states of mirror nuclei. Both
values sre expected therefore «o ehow a8 similar dependence on the nuclear
structure properties.

The nunerical calculatione on the basis of the continuum shell model have shown
[6] that the chsrge-dependent effecte in nuclei depend very sensitively on the
channels and the position of their threesholde. Some general trende of the charge
dependence can be obeerved: Shell effects in the chargs dependence eppear in a
natursl menner vie the dietinguished parentage et ructure of the ground state

of the nuclei just beyond the shell cloeures relative to the energetical lowest
chennel, The odd-even effect in the Coulomb displacement energy es well ae the
fact that the neutron decays of the lowsst T = 3/2 levels of A=4n+ 1 light
nuclei sre slweys grester than the enalogous proton decays are shown to be
connected with regularitiee in the binding energy which are going with aA =4

Thet reens, charge dependence of the Hemiltonien (1) explains both trends
observed experimsntally slthougn they sre physicelly very different.
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SELP-CONSISTENT DESCRIPTION OF THE GIAKRT
DIPOLE RESONANCE INCLUDING THE PARTICLE CONTINUUM

P.A.Gareev, S.N.Ershov, N.I1.Pyatov, D.I.Salamov
Joint Institute for Nuclear Research, Dubna, USSR

The description of giant resonances involves the following three important
theoretical aspects:

Pirst, the problex should be formulated self-consistently, e.g. the Hamil-
tonian used must be invariant under certain symmetry trsnsformations and the
connection between self-consigtent field and the effective forces should be
taken into account.

Second, the nuclear excitations of interest are usually located in the con-
tinuous spectrum, hence the latter should correctly be included in calculations.
This allows one, in particular, to obtain that part of the resonance width which
is associated with the particle decay to open channels.

And finally, the calculation of the total resonance width requires the ine
clusion of the damping mechanism for particle and hole states.

In the present work we have used a simple gelf-consistent nod01/1/ with
separable forces in which the form factors and the strength parameters are de-~
rived from the shell-model potential. Equations of the model are formulated in
the coordinate representation 2,3 , which allows one to take correctly into
account the particle continuum in calculations of the spectra of collective
excitations, Below we present some results of calculationa in which the damping
of particle and hole states was not included.

Figure 1 shows the strength functions for El-excitation of nuclei 160 and
SaNi calculated with the Woods-Saxon potential. For SBNi also given are the
results of calculations L in wnich the continuum was approximated by the dis-
crete single-particle resonances with a relatively small width (dashed linea).
It turns out that in the low-energy part of El-resonance the particle continuum
glves rise to a relatively small width only, With increasing the excitation
energy the discrete atatea/1/ are shifted and their width becomes much larger.
It should be noted that the calculated widths are sums of all partial widths
for the particle decay of the resonance, For 160 the calculated widtia and the
structure of the rescnance are close to the observed ones., For hcavier nuclei
the calculated pictures are much more differsnt from experiment,

The contributions of different parts of the excita“ion spsctrum to the
total photoabsorption cross section 4Cs (sum rule) are listed in the table.
The calculated values of the center-of-gravity of the resonance E" (ﬂ/‘:}&
and the.width'ot the distribution of Ei-transitions Wu [ '1/,-,- -(',"/r_-'}ﬂ]

ere compared in the table with the reszults of ret. /1. 1¢ ir seen that the pro-
per inclusion of the continuum leads tcz 8 certsin increase of the strength of

El=transitions in the low-energy part of the resonance, This resulte in the in-
crease of the magnitude of W. The csnter-of-gravity of the rezs nance is soms-
what lowered,

The calculated sul rules sres below the claseical limit owing to the
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inaccuracy of integration over the energy in the region of nerrow resonances
and to the neglected contribution of the high-energy part of the spectrum,

1. NeI.Pyatov, M.I.Baznet. Journ. of Nucl. Phys. {(USSR), 30, no.5, 1979.
2. S.Shlomo, G.Bertsch. Nucl.Phys., A243, 507, 1975.
3. E.E.Saperstein, S.A.Fajens, V.A.Khodel. Pre- .nt IAE-2580, Moscow, 1976.

Ez, Mev W, Mev
Nucleus Mev pPresent ref.(1) present ref.(1) present ref.
work work work (1)
48, 0-14 16.2 10.7
14-19 67.3 74.5
0-32 9204 97.6 15.5 16-3 2.6 10"‘
28y 0-14 13.3 11.3
14-25 79.6 86.9
25-31 0.9 0.9
0-31 93.8 97.6 16.7 17.1 2¢5 2.3
E 0-13 28.9 20.4
13‘17 5704 75-5
17"35 5'2 1.2
0-35 91-6 97-1 13.9 14.4 2.7 204
i 2 $m:
[ *o ev ) sp.. BENieIm?)
20| (398 Y 1
60
20

10 195 20 Mev
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SEHI-CLASSICAL DcSCRIPTION OF SLOW NEUTRON RESONANCES

N.Kaczmarczyk and X,Przytuila,
Institute of Fhysics, University of 1642,
ul,Narutowicza 68, 90-136 1L5d%Z, Poland

Abstrac t: An exciton model method of calculation of reduced neutron
resonance widths is presented, The results of calculation are compared with
experimental data,

The serious difficulties in theoretical predictions of the neutron
resonance paraazeters, in particular the total and partial widths, c2ll for
the search of some simple approach, which could offer an easy method for the
estimation of above mentioned characteristics. Such an approach was proposed
in [1]. It is the semi-classical description of the structure of neutron
resonances, based on the exciton model [2]. The basic feature of this approach
is the possidility tc find the mean time 91, which the excited nucleus spends in
the configuration with i-particles above Fermi level, as a function cf the
intranuclear transition rates A : » and emission rates )\ r* As it was pointed
out in [1], 2nd in ['*] or [4], the intesration of the set of coupled master
equations 2t civen boundary conditions leads to the system of linear alrebraic

equations with O,, Taking into account the proper conditions for considered

i
case, namely

Pi(t) = 611 at t =29 and Pi(t)= 0 for t=00,

one obtains the solutions
? D
- . 1M
oy = Jrfe)ec = ()t —

where D is the determinant of the coefficients of master equations, i.e.

ar,r = '(x: +X; +x1:’5 ar:,:'-1 = A;A‘ a'r,r+1 = A;H' and ar,s = 0 for
|t - s[>1. The Dy; is the minr of the elemeat a . with "1" taking the values
1,2 ..o kX, where k 15 the maximum numher of excited nucleons at given excita=
tion energy U = Sn. This limitation for "i" comes from Pauli exclusion and
energy conser- ation principles,

The meai: 1zfetime and toial widik of the excited resonance level are

T-gei and r"i'

and ‘he structure of the excited nucleus is piven by average contributions of
various i-particle confipurations

01

pind

T

+
The time 01, lifetime T, width rand gtructure depend on the Xr' Xr and k;
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these values are determined by the nuclear model and some proper assumptions[1].
The calculations were performed assuming the equidistent spacing model
with single-particle level demsity g = 4/13 (HeV’1). Tor evaluations of intra-
nuclear transition rates the Golden Rule was used: i=2"-ﬁq. .th’(i)1, ;
where the average squared two-tody transition matrix elgment was: M = KU A
[S] and the level density of accessible final states ;(i) was %taken from [6].
Emission rates )\r were calculated from single particle width {for neutron emi-
ssion) and from Weisskopf’s estimation for photon emission at quite simpii-
fied assumptions.
The average neutron reduced widths yere calculated from the relatison
r;o = P{[;; » vhere r;; = 1,48 - 10% - A" ; (eV). In order to explain the shell
effects in the dependence of r;o on the neutron numbez-(reported in [7] and [8])
the shell model energy gaps in calculations of "k" were %aken into account,
The obtzined results are shown in Fig.l, and Fiyg.Z. The points in Fig.2 are the
experimental data. In spite of very simple assumptions the reneral tendency,
shown in Fig.2, can be reasonably described. The calciulated ahsoiute values of
T(and r) are nouch overestimated (~1OO times) althouch the shape of dependence

on neutron number is rather correct.
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QUAZIPARTICLE-PHCNCE CCUELING IR INELASTIC PRCTIR SCATTERINS

3, veiflbach, TU Dreslen, Jextion Physik, 3 Theoretische Fhysik,
M2 B027 Dresden, Wormsenstralde 13

Ahstrac t: Multistep-process-s in i stic proton scattering frox oy
arz analyzed by using CC3A amd TSA rascd a juasivarticle ph.noa niclear
structure model. Indirect excitations ocaused by quasiparticle rhenon ccuapling
effects are found to te very imporiant for the transitionm strengths ang the
shape of angular distributions. Tore exeitations are domirant for the higher
order steps of the reaction.

nela.
on

1, introduction

The analysis of inelastic protox scatterin
re~icn »f A 9oC with a eclosed sincle neu tr shell (ii=5C) showy, that it is
recessary for a rtetter understanding of the exnsrizental data te overcc=e *the
weak-courling assumptious (see for exaznle refsz, ), 2), 3) ). It seexs, “hat
suct reactions are characierized ty an internlsy between phenom ani guasipar-
ticle (qp) rmocdes of excitation ani cannot te nderstard by censideration of
only on~ of both different S pes of derrees of freedom. The mors cozplisatel
mtragture ¢f tarcet states in the thecretical descripticon *hen shceull te con-
cected wilth 2 mere ccmplex excifation mecha=nism similar to the ecase cf Lrans-
for rrantioms leadines te finsl states whien icn'® ccurle to the grcund state
¢ the 4a-met rucleus,

-

- . . . . A L0
2. uasiparticle~phonen ecanlin~ in T i{g.p')

Jer studrine the 3p-pacnon accuvlivs effects we mave analyzed the eryrerimental
3. ; . . . . -
regalts of g’f(n,p') with & =20 2 ;eV obtained by ulstuan et al, 1). This

nicleus caz he understood as an eveun-eve: 88:

ccre to which a 2p.,2 proton
rasiparticle couples to the 1/2° grcund state., The qp-phonon coupling for the
excited states is described by the semimicroscoric treatzeat cf odd-even rnucledi

develoved r; *Soloviev 4).

2.17. The model

‘iithin the qp-phonon modol the wave function for a tarret state with spin 1T and

+s proiection @ Hecones'
v

1= CI{ ™ 0%1:" J (‘v)[‘LJ Q‘»if]IM] (1)
whnreeLj is a quasiparticle creation operator, inpis a phonon creation cpera-
tor for a phonon with spind, orojectionms and root numter i of the RPA calcu-
lation. V is the rumher of the *arret state | IV > accordin~ the gecular equation
for the ~nersy 4). In (1) two and zore pncnor contributions are neglected and
the Tauli orincisle is not taken fully into account. Such an approach success~
filly was used for predictions of level densities and electromagnetic traunsiti-
on rates as well as for calculations of neutron strengtn functions and for ana-
lysis of the structure of siant resonances 4), Fenerally it gives a good des-
cription of averame pronerties of nuc;ei at hirch excitation energies.

Baged on this model we 'iave analyzed Y% states of apin and parity 3/2°, 5/2°,
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1/2°, 9/2~, 5/2*, 1/2%, 9/2* velow 5 MeV excitation energy. In order to build
up the wave functions of 891, the even-even core 88Sr with phonon excitations
of multipolarity and parity 2+, 37, 4+, 5~ serves as a starting point. The
phonons have been calculated within KPA including all single particle states
from 151/2 up to 1i13/2 for protons and neutrons. The strengths of the multi-
pole-zultipole forces have been chuosen tu reproduce the experimental energies
for the first (collective) 2% aad 3~ phonons. The single particle wave functi-
ons are calculated for a tiood-Saxon potentials with parameters taken from 5).
Por the qp-phonon coupling in 89Y we considered the odd quasiparticle to be in
the following states: 2p1/2, 2p3/2, 1f5/2, 1f7/2, 2d5/2, 1g7/2, 1g9/2. Three
main types of states are given by the calculations:

i) Nearly pure qp states, for which the first term of (1) dominates.

1i) Yeak-coupling multiplets, where the second term of (1) dominates.

111) States with strong qp-phonon coupling. For these cases multiple scatter-
ing should become meaningful for the excitation process, The following example
of a 5/2% state calculated at 3,5 MeV excitation energy chowes this clearly:

Isr2*> - c.17{ Jodg >+ 5.5[1g9/2+2:]5 /ot -1.8[2p1 /2+3;] 5/2*} (2)
Because the 1/2° ground state of 89! is in good approximation a pure one-qp=-
state, it is clear from (2), that ‘he first component can be excited by a
2p1/2—2d5/2 qp-transition directly from the ground state ggd the third also
can be excited directly by an octupcle excitation of the Sr core. The exci-
tation of the second compoment of (2) is only possible by two or more steps,
So at first a qp-tramsition 2p1/2-1g9/2 (excitation of a 9/2% one gp-state)
followed by a 2* quadrupole excitation is 2 possible way as well ss the oppo-
site ome. It should be remarked, that in (2) all components which give contri-

butions less than 1% have been neglected,

2.2 To t1e calculations

The differential cross sections for ‘e isolated levels were calculated with-
in DWBA and CCBA by using the computer code CiUCK 6), For the caleculation of
~he distorted waves in the incoming and exit channels the same optical poten-
tial was used as for the D.3A analyze in 1), To avoid readjusting of the opti-
cal potential parameters we ommitted the recoupling of inelastic channels to
the elastic channel in the CCBA-calculations,

The non-diagonal coupling matrix elements were calculated based on (1) and
used as input data for the program CHUCK, For {tne calculation of the single
particle transition matrix elements to which the coupling matrix is decomposed
we used a Yukawa interaction with the strength V,=1C0 ¥eV and the Yukawa pa-~
raxeter b=1 fa, The paramet-rs for the Wood-Saxon potential to calculate the
single varticle wave functions were the same as for the structure calculations.

2.). Results

The results of the analysis of excitations of states of the first and second
type discussed above may be characterized as follows:

i) T™he Aifferential cross se2tion for the excitation of the 9/2’ (0,908 YeV)
one-gp-state is well reproduced by the DWBA-calcalations. Por the 3/2° (1.507
MeV) and 5/2° (1.74 MeV) states & pure gp-exoitation gives transition strengths
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which represent only 2.5% resp. 1% of the observed strengths, This fact reflects
e stronger qr-phonon coupling *han it is included in the model.,

1i) The stronger spreading than expected in the weak-coupling theory of the
collective octupole is well reproduced. Tramsition strengths and angular dis-
tributions for the observed 5/2% (2.22 MeV), 7/2% (2.53 MeV) amd 5/2% (2.86
‘eV) are in good agreement with the experiment.

111) The observed I=4 tramnsitions between 4 MeV and 5 MeV excitation energy
are understeandable as excitations of noncollective 4% phonons which couple to
the 2p,,, odd quasiparticle. The transition s‘ggengths of the resulting 7/2°
states is slightly overestimeted compared to = Sr(p,p') results while for the
two 9/2% states both agree,

iv) Also some I=3) transitions detected at excitation energies greater than 4
MeV and I=5 tramsitions below 4 eV are well described by aoncollective 3~ and
5~ excitations of the core.

v) The multiplets given by the coupling of. ot pronons to the odd 2p1/2 quasi-
particle give transition strengths much larger than observed in the experiment,
The observed so called experimental I=2 *“ransitions 1) for higter lying states
can be explained by the excitation of the 2d5/2-1g9/2 neutron particle - hole
configuration.

For exc:tation of states of the third type discussed above it was found, that
interference effects tetween qp and phonon contribution to the eoupling matrix
{for example the contributfions which follow from the first and taird term of
(2)) have essential infiuerce to both the transition strengths and the shape
of angular distributions.

In the followinz some typical effec’s caused by rultistep-processes due to
wave function components which do not couple to the rround state will be dis-
cussed, The structire caleulation gives a 5/27 state with the following impor-
tant components:

,5/2->= C.?S[hf5/2>+ 3.9 1f5/2+2;]5‘/2- -0.69[2133/2*2;]5/2'} (3)

Only the ome-qp component can be excited from the ground state, The excitation
of the other components generally is possible by the intermediate excitation
of 5/2 and 3/2° one-qp sta‘es and weak-coupling sizilar states connected with
the 2; phonon. Includiag these one can see from fig, 1, tnat the transition
strength is enhanced significantly as well as the shape of the angular distri-
bution is influenced. As the calculations show, the main effect arises from
coupling due to the 2% excitation in the hicher order step of the reaction.

As one can see from fig., 1, the differential cross sectiom of the CC3A-calcu-
lation gives a reasonable explanation of the observed angular distridution for
the 3.513 VeV (1=2) transition.

A similar examnle of indirect excitation mechanism one has for the case

|3/2') = 0.1 9i|2p3/2) + 4.4[1 f5/2+2';]3/2- + 2.7[-2)!3/242:]3/2- } (4)
The results of D¥BA- and CCBA-calculations for this state are shown in fig, 1
t00. In opposite toc the state (3) here the ratio “etween cross sections of the
first and second maxizum increases, though the coupling mechanisms are the
sane, The reason for this may be sesn in that fact, that the phase relations
between direot and indireot contridutions in both cases are different. As in
fig., 1 is shown, we have identified this state with the observed 3,068 MeV
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(1=2) *ransition. The slicit discrepancies of experimental and *heoratical an-
gular distritutions can be explained witnh the toc szall 2:2/2 one-qyn-sirenzsth

in (4). The strong influence of clhamnel courlizrs due to phonons is also ie-
monstrated in fig. 2 for the case of a a/2% state with the follo>ing structure
+
lore*> = ﬁ159/é>+ Ced3 201/2+52]°/2+ - 3. 5[5 1,.+21]q/2+ -
- c.48[2p, /2+51]9/2 (5)

As it can be seen, a state of t1is structure -ives a» aporo- riate deseription
of the experimental observed ansular distri ution =znd itransition sirenglh of

the L=5 transition detected at 2.555 eV excitaticn energy. It is remerkable,
that the chanmnel coupling effect iz ere the sape as one rcets by inclusion of
core polarization into DJ.2i-c¢-leulatiens 2).

Further fig. 2 demonstrates the inflience of miltistep-processes due to non-

collective phonon excitations for *he eyannle of LT following 5/2% ztate:

I5/2*> = c. 45{]?15/2» 1.7[1 °/2+2J Job . ;7[?01/2+33] Job + c.51[1,,, ,24%/2
- (.32 1:°/2+21j5 ot = Co29 291/2+31 5/2%

How 1t can b sren from fig. 2, the coatridition of indirect excitation 1o the
t-ansitio= strentth is important, tut no influence s %he st~ of *ve am—u-
lar distribution can he seen, fere direct an® indirect contri>utions have the
same pras s, In such cas~s, wiore the phases are odpesite, the in“lucnce of
channel counling is :ueh smaller (sce f.e. the 2hird exardle in "i~, 2).

3. Conclusions

The analysis show, tzat t"e gp-phonon coupling ~ives goze srosress in the ihe-
oretical interpretation of the inelastiic »roton scattering exnerizents frox
odd-even ruclei. ultistep-processes caused by qp-shonon coupling teccae ea-
ningful for the reproduction of mecasured transition strengths as well as for
the explanation of the shase of ansular distritutionms, in particular for weak-
ly excited states, HRigher crder exciiations are mainly caused by phonon exci-
tations of tu:e core after excitation of one-qp cozoomenis. The riase relations
betwecen direct and indirect contributions to Zhe *ransitions “ave i=por*ant
influence to the results, “specially in the case of qp-quairusole cou~lin~ the
model failes in the predic%ion of one-qp strensths and t'e 1istrixation of *he
quadrunole strengths, '‘ere some effort can be ex-ec'ed »; inclusion of twe
phonon comnonents and takin~ into account tre rFauli srincisle exnctly,

Yore detailed the rrgults will hHe pudblisaod elsavhere,
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DIRECT PROCESSES IN (N ,2N) - REACTIONS

R. Reif, R. wolf

Technische Universitit uresden, Sektion Fhysik
3027 Oresden, COk

Abstract: The reaction 29Si(p,p'n) has been treated in DWBA
neglecting pn-correlations in the outgoing channel. After integra-
fing the reaction angle of the ejected neutron, numericel results
havs been obtsined for the emission spectrum and the angular distri-
bution cf outrgoing protons.

1. Introduction

A review about recent works in (ppn) reactions /1-2/ ellows us to

make the following conclusions /1-3/:

1. At incident energies nesr 40 MeV the direkt knockout mecanism
dominates the (ppn) reactions /1-3/ on light nuclei and, althmyh
distortion effects are remarkable, the PWIA celculations give
a reasona.le agreement with experimental results /1/.

2. In the lower incident energy region. near 10 MeV ers the inelagstic
scattering (pp') or the exchange (pn) mecanism lead to an ex-
cited nucleus (target) which then cecais by 8 neutron or, respek-
tively, proton boiloff the most favoured process /3/.

3. In the medium energy region both processes sre in competition,
There 18 8 strong distortion from the final state interasction of
the nucleons with the nucleus /2,3/.

4. The (pd) resction is also in competition with the processes
discussed sbove. But the (pd) resction emphasizes the high
momentum components of the wave function of the terget nucleua/y/
oend 18 not relevant here.

Our aim 1s to look for the yield of the direct knockout mecanism
in the region of strong distortion . Our epproach is based on
the following sirple picture:

A DWBA calculetion allows for s ressonasble description of precompound
effects in the differentisl cross section of inelestic nucleon -
nucleus scettering processes at medium incident energies /5/, in
particular, if one includae second order effects /6/. In such an
approach the total strength for & one-step transition with given
energy loes and angular momentum trensfer is composed incoherently
out of single particle excitetions with the excited nucleon occu-
pying bound single psrticle stetes in the shell model potential of
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the target. On the same basis. the contribution of direct processes
to the sngular correlation, angular distribution and emission spectres
of (N.2n)-reactions can be calculeted by sssuming that a sincls in-
teraction between the incoming nuc.eon snd an active nucleon of the
target is promotin; the latter to a finesl etate in the continuous
part of the single psrticle spectrum.

2. Transition amplitude

In order to simplify the calculations the targets ground stete is
sssumed to consist of a single neutron in a s-stato={sén} bouna to
en inert core. The incominy proton with momentua interacts
with the neutron via a central Yukawe interaction

-uVn p

Vo = I 2 (1)
np V"/“Qp

creating a final statgéhwhich is taeken as & product of twe conti-
nuum wave functions x‘,.,and x,“’n for the outgoing proton and
the ejected nesutron, respectively (Ep = Ep, v E Bn1.9“’ bin-
ding energy of the neutron). Here, it has been assumed, that the np
interaction in the final channel is small compared to the mean po-
tential , so that the formation of deuteron as an intermadiate
state can be neglected. The transition matrix element in DWBA

is given by
— = - -) (+)
TRy > kp, o) = < x5 1€ 13 1np stnag, >

After a multipde expansion of the effective interaction

L

A r (3)

Vmp - )E;, }A(V»ﬁp) ¥ (V'p/yA (V'a)
’

and a partial wave decomposition of the scattering state the

inner matrix element can be expressed by radial integrals

L, (V;’}’ j’( v We' (V;.)},' (l/",./,) uo'(u-ﬁ} (4)

where uk, denotes the radial part of the continuum weve func-
tion of the neutron. Tlc sngular momentum transferred in the
two~-body interaction coincides with the enguler nomontun(}rans-
of the ejected neutron. 1In eq. (4), no problems with convergence
sppear becaus s of the exponentisl decay of the bound state weve
function g, for V'=» . If the neutron is not observed in
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the sxperiment, the differentisl cross section progwrtional to
/T/'t can be integrated over the direction of the emitted neutron.
Consequently. the interferrence terazs between the different
transferred angular momenta dissppear, and the totsl transition
strength for s given inelssticity of the proton is s sua of per-
tiel cross section for trensitions , in which the excited neutror
occupies different partigl weves in the continuum.

3. Numerical results

The emissior spectrum and the angular distribution of protons
have been calculated according ta eq. {2} for the reaction
29Si(p,mt)zelii at an incident energy E_ = 30 MeV. Tre distorted wa-
ves pr yX";, have been calculated in opticel potentials with
parameters taken from ref. /7/. The neutron radial wave functions
“,,a&, were computed in the same real Woods ssxon potential

given in ref. /5/. Standard parsmeters V=100 Mev, s = 1 fm~3

have been used in the effective 1ntcracuons%. eq. (1). Par-

tial waves up to €’ = 6 have been taken into account.

Because of the node in the 231/21vave function 2¢, ., the reac-
tion is not completely locelized in the surface region. For a
given velue of ¢’ , the magnituce of :he mein peak in the tran-
sition formfactor varies strongly with the energy because of the
single particle resonance structure of the continuua. So, the
partial cross sections exhibit s ratter pronounced resonsnce be-
haviour with e.g. 8 width of seversl MeV snc a distasnce of sbout
1C MeVv for the s- and p-wevss (sce fig. 1).

Fig. 1. Cross section
of 2%s1(p.pn) E,=30 Mev

The pertiasl cross section decnmses by seversl orders of megnitu-
de 1f the neutron emission energy tskes e value in betwsen single
psrticle resonences. This reeult supports the projection sethod

proposed in ref. /3/. Ths spectrum summed over £’ showes @ struc-

ture for Ep, 2 20 Mev and Ep. & 14 Mev, which reflects the
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appearance of s- and p-resonsnces and s- and g-resonances,
respectively. The cross section of about 10ab/MeV is in good agree-
ment with the results obteined by Yezhov and Plyuyko /10/ in simi-
ler cslculstion for the reaction 59Co(n,Zn), E, = 16 Mev.
4. Conclusions

One cen conclude, that an appreciable smount ( 2z 15%) of the cross

section of (N, 2N) reactions st a medium level of incident energies
result from a first-order knock-out mechanise. The DWBA can be

used tc estimate the influence of the (N, 2N) channel on the angu-

lar dietribution of precompound processes above the threshold.
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KAHETWYECKHE SHEPTMR OCKOAKOB JEXEHWA AJEP BHCTPHME HERTPOHAMM

H.II. Isnuenxo, B.Zl. Kyssumnos, B.®. Murpodasos, A.H. Cepraues
Pusaxo-sHeprerNyeckut mEcTHTy?, OCHMHCK, CCCP

ArHoTanua

BNNOAHERH W3MEDeHMA KMHETHYECKOH SHEPrd¥ OCKOJXOB NPH ZeXCHMR fiLep 2327h u 236U
HeliTponamm B obnacTH 3Hepryit or nopora %o 5,5 MaB. Ha ocHOBe NMONYUEHHHX pe3yAb-
TATOB ¥ C NpUBAEYEHHEM IKCNEPEMERTARBHHX NAHEHX RAA npirnx Afep o0gyxaaeTcA
NIPRpOJa AOKANBHHX Bapuaiuuit CPEAHMX KMHETHYECKMX 3Heprui ockoixoB (Byx) BOMM3M
gaprepa Aenesus. llocrpoeHa chCTemMaTHRa By B Koopauparax Z m A AenAmEXCA AAED.
PaccwoTpeHa BO3MORHOCTH W3BJEUEHHA CBelieHMR O AMCCHNATHBHHX CBOACTBAX KOJAEK-
THBHOTO ABREEHWA AZDPA K TOYKE DA3PHBA U3 IKCTNEPUMEETANBHHX AAHHHX O KUHETHUEeC-
KUX 3HEprmfiXx OCKONKOB geNleHHA.

Beepesnne

OCKONIKM, KAaK KOHEYHH# TMPOAYKT CJOKHOrO KOANEKTHBHOTO ABUEEHMA AZPA, HECYT MH-
dopMamup 0 CBOACTBAX STOr0 NBMXEHHA. B YacTHOCTH, KMHETHUECKAss SHEPTHA OCKOJNKOB
CHAAZINBAETCA M3 HECKOJNBKMX KOMIOHEHT, X@PAKTEPUM3YDUMX KOJNEKTHBHHE ABMEEHMHA
ALpa Ha PasHWX 3Tarax nponecca ZexeHEs. [0 BemuuMHe BKAAZA 3ITUX KOMNOHEHT MOX-
HO CYZANTH, B KAKOR CTeNesM IHEPrus KONNEKTUBHHX ABMECHM ZenAmerocs AApa IUCCH—
nUpyeT B 3Heprup BO3CYMAGHMA. B CBA3M C 3TUM BO3HMKAeT 3azadya NO ONpeAesieHMn
BENNUME OTACABHEX KOMNOHEH?, COCTABIARMNX KKHETHUECKYD 3HEDIMD OCKONKOB AENEHKA
AZEp.

K coxazeHun, B NPAMOM ONHTE M3MEPHTH OTAENLHNE KOMNOHEHTH He NpeAcTaBifeTcA
BO3MOXKHHM. OZHAKO, MCMONB3YA MOZEJNbHHE NPEACTABNEHUA O 3IABRCUMOCTM MX BENUYKH
OT 3HEPTMM BO3CYXASHMA, MACCOBOID YMCHA M 3apAza AeAAmMXCA sAAep, OT cnncota
pasfeNekun HYKJIOHOB MEXAY OCKONKAMM, MOKHO HAJEATHCH OLEHUTH BENWUMHY OTZHENb-
HHX KOMIOHEHT. Hamnpy#sep, CyuecTBOBAHME JOKANBHNX BapHaLuli CPeLHUX KUHETHUECKHUX
SHeprull OCKOAKOB NpM LeleHuy sAep BOAM3U Gapbepa NPUHATO CBABHWBATH C BIMAHKEM
KOJIEKTHBHMX MEPEXOLHNX COCTOAHMNA, a W3MEHEeHMA Eu B HAPOKOM ZMANAa30HE 3HEPIuit
BO3CYXAEHUA - C NpPOABNECHMEM AMCCHIALMKM NPH CHycke Afpa ¢ Gapwepa.

B HacToame# paloTe OTMEYeHHHE BHIle APOONEMH OOCYRZAaNTCA HA OCHOBE HOBHX 3KC~
NepUMEHTANbHEX NAHEHX 0 ZEJAEHMH ARep 232T}1u e3 U Heltrponamn c npubreyenmen
pe3yaAsTaToB M3MepeHHH KMHETHUECKMX 3Heprul#t OCKONKOB INsi IDYIMX fiZep.

Meron namepenuft

MeTox naMepeHHil KMHETHUBCKMX JHEPrHd FAPHHX OCKOKOB NPM ZEAEHMK fAAED CHCTPHMK
Hefl?poHaMi GHA AOCTATOYHO MOAPOOHC H3AOKEH B padore [I]. OrueTHM AMED HEKOTO-
pue cnenumaecxse MOMEHTH.

KanuOpoBKa aHepreTyYecKoft mKeJH OCYNeCTBARAECH C MCNOJB30BAHMEM KOHCTaHT, MpeA-
N0NEHHHX B padore [2] 178 cAyuas meaeins Azep S>°U) remsoBuuM HefrpoHawms. Pas-
JnYke NOTeph IHEPrAM OCKOJIKAMM B CIOAX ¥ MOAJNOEKAX 35LJu 2327710npenenxnocb
np¥ AeNeHun AXep 23 Th neftrposamn ¢ aneprueft 1,9 Map u Azep 3 U renzoBuuK
HefirpoHamn, [Ipn 2ToM ANS OCKOAKOB ZEeAEHuA AZEP TOPHA NMPHHUMANOCH 3HAUEHHUE

ix = 162,79 M3 [3]. Law mcnonsaoBanHoft reomeTpmy uaMepenulh (ZMaMerp cios 2 cu,
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padounit AuamerTp AeTEXTOPOB - 2 CM, PACCTOAHNE MEXAY ACTEKTODAMN - 2 CM) N NpH
cpeaHell morTepe SEEPrEN UMADHMMF OCKOXXAME B MOANOXKE, ACXANCMCHE CEOC N HEUYBCT-
BETSALHOM NOBEPXHOCTOM ClO€ (OXNYRPOBOAHRKOBOr'O Aerexropa - 5 Mss, nonmpamxa BHA
pa3ANUNE YJTAOBMX pacnpepeAcHENR OCKOAXOB ACEGHNA AAEp 2 Th se npesumasa IS0 xs3
BO BCEM MCCNEAOBAHHOM xmanasone sgeprmli selirponos (1,4 - 5,6 Mop). Nocxoxsxy

B AmTeparype NOABRANCH ROBME AANEMEe 00 YTLXOBMX paclpefeNeHNRX OCKROXXOB mpN Ae-
zesun fRep 2327h Hefizpogaum [b]. OMXN NepecMOTDEeHH COOTBETCTBYDAME NMONpaBXM,
BHEC6HHHe B De3YaAsTaTd nsuepeHmll padoru [5]. Acnpanxennie 3gavycHmNA B' npaBeAe-
EN B radaune I coBMecTHO C pe3yabTaTaMn, NMoXyuenRmuMMx B Hacroamell padore. B rex
cXyuaAx, KOrZA8 SHepras HelfTpoHOB COBNAARA, NPNBEACHN CPGAHNE IHAYCHNS DPESYAL-
74703 M3MePeHNA Eacrosmell padoru m padomu [S].

TaGamna I
Cpeanne XmHeTHNYECKNE DEEDPEN OCKOXKOB NpE ACNGENN Axep 252Tb nefirponamm

E,, (MaB) E, (iion) R, (Mo3) E, (Mon)
1,32 162,10 ¥ 0,10 1,9% 162,92 ¥ 0,10
1,37 161,95 t 0,13 2,04 162,54 ¥ 0,10
1,42 162,52 ¥ 0,10 2,14 162,29 % 0,10
1,47 162,46 ¥ 0,10 2,18 162,50 * 0,13
1,52 162,50 t 0,I0 2,24 162,9% % 0,10
1,58 162,53 t 0,10 2,45 163,45 * 0,10
1,60 162,70 t 0,10 2,59 163,75 t 0,13
1,65 162,90 t 0,10 2,74 163,47 0,15
1,70 162,93 t 0,10 3,14 163,77 ¥ 0,15
1,76 162,90 t 0,10 3,54 164,19 0,14
1,86 162,78 ¥ 0,10 5,76 Ié4,49 ¥ 0,18
1,90 162,79 £ 0,10

AGcoxpTHOEe 3HQUECHENE CpeAReil xmMerRIecKOd DHEPrEM OCKOXKOB NPE AGNCANR AZED zsﬁj
HefATpOHAMN ONpeReAnAocs AxAg E, = 1214 M5B OTHOCNTEABHO cpexnell KNEETHICCKOM
YHEPIHE OCKOXKOB NPM ACNGHNM AAeD renaoBunx HeliTpogamn, YroOu madexars
Heonpegexennocrell, CRA3AAHHX C PAsANINOM TOXRNY CXOCB ¥ MOAAORZEK, NIMEPOHNA
nponognxncx Ha ofxoft m TOoff me MNMERX ypaHa, coiepzassed npuuepso, 90 % maoro-
na 23 Ux I0 % m3orona 235U. ToxmmHa CXOR cOCPTaBAAXA 50 lur.clz. B peayarrare
naumepesnii noxyueno Eu = 172,5 £ 0,I Ma» npu E, = 1,14 2B ¢ yeaTOM nomparxs

Ha NCIyCKAHNE MTHOBEHHMX HOHTPOMOB AeAcHNA, Bce Apyrue WamepeHNs Ha OMCTPMX
HeATPOHAX NPOBOANAMCEH C MOHOM3OTOMHNM U TfonpaBxm Ha pasAmdme norTeps anep-
PRE OCKOXKAMK, OOYCHOBACHHOE PA3ANYHEM MX YPAOBMX pPacnpeAencHnii, He NpPEBHEAAN
200 3P RO BCEM R3YUEHEOM Awanaszone axdeprui Hekrposos (0,5 - 5,6 Mas)., 3T® pac-
YéTH NMOATBEPANIANCH IKCNEPHMEHTAXHHMM CpaBHeEmeNM NOoTeph 2HEPrHK OCKOJNKAMM B MOA-
ACEKEe CHOA A%A CXy4YAeB AGACHAA U nefirposaum ¢ asepranum 0,94 Moz ()raomoe
pacnpesexenne OCKOJAKOB BWTAHYTO NO 90%) n 1,14 Mas (yrzosoe pacnpezerenne BH-
TRAEYT0 Bnepéa). Pasmuma noreps IHEPrAN B NOANOEKE He NMpPEBHEAAA ONNOOK M3mMepeHwi
(I00 x23) npx aoauolR norepe 2 Mo, Poayasraru mImepemmit cpeiuelt xuneTHIECKo#
BNEPTEN OCKOAXOD APN AcACHNN sAep “°-U mefizponaum npmsepens 3 racange II.



TaGamna I1

Cpearue KEECTRYECCKRE JHCPIEN OCKOAKOS NpR ACACERR RALD szlehponm

E, (i) E, (@) E,, (m) E, (mw)
0,61 1,723 ¥ 0,20 2,54 172,20 ¥ ¢,10
0,02 172,63 £ 0,10 2,5 172,08 ¥ 0,10
0,07 172,09 ¥ 0,12 2,9% 172,06 ¥ 0,10
o,II 172,00 ¥ 0,10 3,16 172,Is t 0,10
c, 02 172,18 ¥ 0,10 3,34 172,20 ¥ 0,10
I,Ia 172,53 t 0,10 3,54 171,95 t 0,10
1,35 17,58 ¥ 0,10 3,60 172,00 ¥ 0,10
1,55 172,84 £ 0,10 2,98 172,02 t 0,10
1,75 172,38 ¥ 0,10 4,46 171,84 ¥ 0,10
1,95 172,5% ¥ 0,10 4,80 171,79 ¥ 0,10
2,16 i7,18 0,10 5, I2 171,90 t 0,10
2,36 17,21 t 0,I0

Odcyzgenue De3yALRTATOD Eamepenmil

Ha pEcysxax I m 2 NMOWAsan 23WCRNOCTN XEHETWNYECKNX JEepPrali OCKOAXOB (R-) or
Hepraux mElTpONOB, BUINSWONNX XcACNEN nAep 23277: % R&Cp m2ovonos ypana. Béaman
Gapbepa ACACHNA BCANYNEN i. nperepuesant neGoXbENC NINeHENRR, GANaxme MO ROPRA-
Ky BCAWYNAN X JHCPIraAsN EORNCKTEBAMI RNepeXxoamux cocroanxR. Tor ¢exr, wro arm m3-
NCHEHNA El XOXAAN3YRTCE B 0K me ofzacrn dueprull BOZOYKACENA rAe NMPONCXOANT E3-
NEHCHENA YPAOBMX pacnpeaciennll OCRONKOB, CTRMYANPYET NONCKE OGEKX NPNUNH, BUIN-
BADAXX 27TH N3memenss. B peGorax [6 - 9] 3 pasmux Bapsamrax mpexsaraxoch BeAN-
UNAY N3NeNeNNS XENeTEUeckoN SNEpIEN OCKORXOD CBS3aTH C 3Hepruell NOANEKTRBEMX
nepexoanux cocroannfi. Oanaxo, HeROCTarox CBeACHRN O CTDYKTYPC NEpPEXOZHMX COCTOR-
HNl AAN NCCACHOBABEN3CA ACAARNXCA ANEP 233m, 5 2337y JarpyAEneT ONCHKY CNpaBERAN-
BOCTE 3TMX xOHuennmal.

2 ¢ | Puc. I
x| {1 dasucmwoc?s
gt é } | cpexmeR xamern-
12 } | 9ecxoit axeprus
OCKOAROB 07 DHeP—
é % 1 ram mefizponos,
as + BUINBADENX ACAC~
o4
0

| Y v | 558 Hhaceens,
Ny |k B
(0 - 9,@ - 13,
i 0 - pacronman
¢¢ 1 padora).
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Puc. 2 3JaBMCHMOCTE CpeZHelt KiHeTHueCKOH
3HEPIHH OCKOJXKOB OT 3HEpPTH¥ HEHTpOHOB npH

ACJNIEHHK ﬂnegsuaoronos ypana [3]. JaHHue

LNA ypana-2

A ~ peayapTaTH HacToamel
pacoTH.

Ta6aupa ITI

CymecTsyp? m apyrme aprymesn-
TH, 38CTABAADANE NDPOABAATH
OCTOPORHOCTS NO OTHOMEHKN K
MOZEABHHM KOBNenmmAM (6 — 9].
B uwacTHOCTE N3 HMX BHTEKAaeT,
YT0 A3MEHEHUA CPEAHEX KUHETH-
YeCKMX 3HEpruit OCKONKOB IO
Mepe pocTa SHEPrAM HeilTpOHOB
0TPaxanT MIMEHEBMR BKIAAA B
Cceyenne ZeNEHAS DPA3AMYHHX
KONAEKTHBHEX cocTonHuif. Tak
KaK UHANBKAYANbHEHM KaHalau
JeJieHus COOTBETCTYDT Da3HHE
YyTJOBHE pacnpefeseHud OCKOA-
KOB, TO CIEAyeT OXp"arth M '
YyPAOBOt 3aBUCHMOCTH E B pa-
orax [I0 - 12] BUTOXHEHH W3-
MEpeHuA CPEAHUX KKHEeTUYECKHX
3Heprufl OCKOJNKOB, pa3yeTanmux-
ca nox yrmamy 0° u 90° x ma-
NPABIEHND ZBUXEHKA HGMTpOHOB.
Buauaammux ZeJeHua fazep © *h,
235y, 238, Fe3ynpraTH K3me—
peHnii mpuBeZeHW B Taliauue 3.

Jraosasi 3aPHCHMOCTD cpenHeit KMHETHYECKOE BHEPIHM OCKOJKOB

Axpo-

Ex (usB)

E,, (M3B) PaGora
MHIEHD n 00 900

1,55 160,6 ¥ 0,15 160,6 * 0,15 (12]

2321y, 1,70 161,0 £ 0,2 161,2 1 0,2 [12]
3,0 161,45 ¥ 0,1 161,55 1 0,1 [12]

0,12 170,0 % 0,4 170,5 10,4 (10]

235, 0,5 169,9 0,4 170,3 * 0,4 (10]
3,0 170,08 t 0,10 170,16 % 0,10 [11]

238 1,5 170,2 % 1,0 170,8 11,0 [10]
U 1,6 170,47 * 0,15 170,64 £ 0,15 f11]

Pa3nnyuA CpelHUX KMHETHYECKUX BHEprMit OCKOJNKOB, NpeBHWANWME OUMCKM M3MEpeHuH

He HaGMDZanKch. BO3MOXHO, YTO B padorax [IO - 12] HeyAauHO BHOpaHa 3HEPrua Heli-
TPOHOB WA HEAOCTATOYHA TOYHOCTH WBMEPEHMA WIM RejieHne MpPOTEKaeT TONBKO M0 Of-
HOMY KAHany, HO fo-Kpaiedl Mepe, HEOGXOZMMN AOTONHHTENbHNE HCCAELOBAHHE 3aBuCK-
MOCTH E 0T 8, 4YTOOH pOAb MEPEXOAHHX COCTOAHMA B M3IMEHEHHAX En crana gonee fcHOH
HOM . yu»ﬂnmenue KMHETHUECKOH 2HEPTM#t OCKOJNKOB NPU HEJICHHM ﬁnep
My c aHeprueft 2,14 MaB clemyeT paccMaTpHBATR Kaxk NMepexon K AeJeHuD yeped HM3KO

Th HeidTpoHa-
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nexamuilt XONAGKTNBHMI KAaLGA WAM KAK NOABAEHNE NPM 370l IHEPrRM OXHOYACTMYHOrO
cocroauma. Ilo Mépe pocTa 3IHEPrRR BOICYEAEHWA POAD OAHOYACTNYHHX MEPEXOAHWX CO~
CTOAHNM Z0NmHA PO3pAcTarh, a A0GaBKA K CpPeAHel uuHETMRECKO{ 3HEprMi OCKORKOB,
o0yCHOBXeH:i8A AeXCHMEM Yepe3 KOANEKTMBHWE COCTOAHMA, AOANHA YMeHHEAThCA. B cay-
yae AeACHHA fAxep 232T71neﬂrpouaun POCT KHHETMYEeCKOR IHEep NN OCKOJKOB NpPOAON—
maercd no-kpadde mepe po E, = 5,6 Mas.

lpeanonozenue O COXpPAH HAN IHEPrWM KONNEKTHBHNMX ABMNEHME, YCTEHOBMBEMXCA B CeA-
XOBOHl TOYKE, BINOTH AO MOMEHTA DA3puBa AAPA MOKET HE BWMOAHATBCH, MJCKOJBKY
NpR ABUEECHMR AZpa OT CEZMOBOM TOYKM K TOYKE DA3pHBA MEHADTICA KaK AedopMalyd
AApPa, KAK M €ro CTPYKTypHHe CBOACTBA, M IHEPI'MA KONNEKTHBHHX ABMEEHHA MOXeT
ANCCHNMpPOBATH B TENAD.

Apyras cocTaBnsonas KUHETHUYECKOA IHEPTHM OCKOJNKOB ACJeHMs, KOTOpas OCYCHOBAEHA
CIYCKOM ALpa C CEANOBO# TOYKM - TPAHCIAUMOHHAA KAHETMYECKAf BHEPTHA - TAKNe 3a—
BHCHT OT AMCCMNATMBHHX CBOACTB AAEDHOH CUCTEMH NDH CNycKe ¢ Oapbepa. [lpu Mainoif
3HEPruu BO3ICYXACHMA AENSMAXCA ALEP JHEPIHMA KOANEKTMBHOrO IBMMOHRA K TOYKE pa3-
PHBAa HE AMCCUIIMDYyET B 3HEPTMD BO3CYRAeHusi. [OCKOJBKY DACCTOAMME MEXAY ORHOYAC-
THYHNMM YDOBHAMM Benuku, [lo Mene yBeNwdyeHWA IHEDPTMM BOICYRAEHUA IMccHnauua Cy-
LeT pacTH, a NMpeApal3pWBHAs KMHETKTeCKas IHeprus - yMeHbmAaThci. Takoe sABJIEHHE
HAOJNAAETCA NPY AENEHWH MIOTONOB NAYTOimA (puc. 3). B MEHbmEe# CTENeHH 3TO NMpo-
ABNAETCA AAA M30TONOB ypa-
3”“'* T T = Ha ¥ HecnpaBejJuBO MpH JAe-
‘ { 4 JieHMM Anep Th Heirpona-
by M#. OZHAKO TpH AeNeHud nuy-
K ! i TOHMHWA B PacCMATpUBaEMOk
78} - osnacrTy 3Heprudt HelTpoxos
| x2p, MMeeT MecTO OTYETIMBaZ 3a-
my | } BUCHMOCTD M3MEHEHH KuHeTi-
1 4eCKO# BHEpruk MAPHHX 0C-
214y Mp, L KOAKOB OT MACCh TARENOrO
m} } ¢ - ockoaka [I], npudem ans
} ++ﬁw§+ } HanGoXee ACUMMETPHYHHX CIO-
$ f } “ COGOB feXeHHA C POCTOM
t I Py 8 3Heprun BO3CYXJEHUA NPOUc-
puy } i xonur yseuuesse £, uro
19 { } TPYAHO OGBACHETH C TOUKM
1 3peHKa ANCCRauMM.

s, wp, B HacroAmelt pagoTe OHN BhH-
Ty NONHEH AHaZAKU3 38BHCHMOCTER
CPeAIHHX KKHeTHYECKMX IHep-
PUR OCKOAKOB OT NMOPAAKOBO-
T0 HoMepa (Z ) ¥ wMaccOBOro
qncaa (A) peanmmxca AZep.
Puc. 3 3aBHCHMOCTD CpezHell KmHETHYECKOA SHEpIAH Ornocnregsuaa TOYHOCTH K3-
ocKonHOS :;y;ggg;"13ff“’p°"°’ npN ZeNCHHE AAep uepennit £, npn zenemmn HeH-
TPOHaNE Ajep B o6nacTH T0-
PUA-NAYTOHUA cocTapifer

mrt R y

N PR , S )
o 10 20 a0 4“0 En (mst)
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okoxo 0,5 Mas [3], wro mossoaser xocTaTouHO XéCTKO CYARTE O CTemeHM COOTBETCTBEA
MOZENbERX NpPeACTaBACHRE 3KCNepNMEHTAABHMM KaHHWM. CnoxirasEfe XeNeHNe ARep He
BKADYEHO B PAacCMOTpPeHWEe, TAK KaK Da3HNNA CPeAHMX KNRETMYECKNX 3IHeprmit npm cno-
TAHHOM K BHHYXACHHOM XeXEHNAX OXAHOT'O M TOr'0 Xe RADPA MOReT AOCTNrarh 2 - 3 Map
[3], a (M3MyecKasm NpMYXHA TAKOI'0 pa3AMYNA He AcHA. YToOM m3lemaTh ReONpeXeAeH-
HOCTEe#, CBA3AHHLX C BINAHWEM 3HEPTMH BO3CYRAEHMA ZCHANNXCA SAE[ Ha KMHETHUeCKRe
3HEeprMM BCKONKOB, 3HAYEHMA Eh BHOMPANMCh ANR TAKKX IHEeprui HeRTPOHOB, NPR KOTO-
pHX 3HEPrMA BO3GYRZEHMA AOCTATOYHO YAAieHAa OT faphepa AEACHRA, HO H¢ AOCTRTAA
00nacTH, I'Ze HAYNHAETCA CHCTEMAaTHSECKoe YMEHBEEHRE EK. HauOonee TPOCTAA MOAEND
npeAnonaaraer, YT0 NOZABAAKNEAA 4YaCTh KUHETHUSCKOR IHEPruM OCKOAKOB 0OVCAOBAEHA
MX B3aMMHHM KYAOHOBCHAM OTTANKKBaHieM. ECAR NpMHATH, YTO 3apAj AApa AEAHTCA “eX-
Xy OCKONKau# NPOMODPIMOHANBHO MX MAcCaM, TO MOXAO HAMKCATh CEEAYDREEe COOTHOHEHRE:
2_
.c2 g (A - M)
K A ALl/3

]

rne i - CpellHee MaCCOBOE YMCAA TANENOPO OCKOAKa, a C - Biiupvaer OpMPBKTOD M
nocroauuue Ko3uuMents. LA onpeAeNeHds BeAHUMHM C Guno npunATO, YTO NpK Aexe—
HUMN 235 U tennoBumu HeitTpoHaMM E = 172,2 MaB. Ha pmcyHke & CpaBHWBADTCR pac-
YeTHNE ¥ IKCNEepUMEHTaJbHHE 3uaqeﬂnﬁ EK. PacyerHan 3aBACHMOCTH EK oT A u Z xopo-
mo COBNAaZaeT ¢ JIKCNEPHMEHTaNbHO#., B fcnoapaosanuyn moZens GAKTHYECKM 3aLCxEHO
NpeANOACHEHHE O CHABHOM ZeMIMHIe NpPH cnycke c Oaphepa. OZHaKD Xopomee CcOBNaje-
Hue DACUYETHHX M IKCMEephMEeHTANBHHX pPe3yAbTaTOB BpAA JiX MONET OHTH HCMNOARBIDBAHO
LAA 0GOCHOBAHKA TAKOI0 NPUHUKMHAAB-
2?' HOPO BWBOBZA, TAaK KAK 3IKCIIEPUMEH-

+ TaABHAM MATEPARN XapaBKTEepH3yeT CARE-
(M>8) %‘g %

KOM y3Kyo o0jiacts ilep, AAA KOTOPHX
u3MeHeHus Z ¥ A He npeBuEART 5 %.
BoamoxHOCTH BKADYEHMA B aHalAW3 Bh-
Aﬁ’ HYXACHHOPO AGACHRR (GoAee TAXEIMX
Aflep OrpaHMuYmBaerTcs OTCYTCTBMEM CHC-
# ¢_’ # U TeMaTHYEeCKEX 3KCTepPHMEHTAABHMX BAaH-
HMX ¥ HEOOXOAMMOCTHD NPEMEHEHMs GOo-
JAee CTpPOrmx Mozeaeit, yUnmTHBADENX,
B YacTHOCTH, M3MeHesNs dopm-daxropa

c.
Pa
B 3axmmyenmy CAERyEeT OTMETHTH, HYTO
$ npodaena ZBUMEHNA fiApa K TOUYKe pas-

170

f&'TllitlTllTltr[tr

Th pwBa TpedyeT AaAbHEHEMX TeoperNyec-
s KOTO W 3KCMEPHMERTAABHOIO MCCAEAO-
160 di Caa | BaHui#, nAa ee pemeHMs NOAE3HH M3y~
. L g genme InddepesuManbHLX XapaKTepuc-
230 240 A MK KMHETHYeCKHX aHEPrER OCKOAKOB
AeJieHMst M pacmpocTpaHeHme WCCAEAo-
BaMHik Ha Goiee EHPOXYD oO0RacTs saep.

Puc. 4 CucremaTixa cpexHhX KHHETHUUECKNX
aiepruit B aaBucHMMOCTH OTZ # A Jexsmerocs
Anpa. (+ - peayasraTs gacqe'ra, 6 - peaynr~-
TAT MaMepeHull Hacronme# pacoTH, OCTaNBHHE
3HAaYEHH BaarTw M3 padorHd [3]).
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W3YYEHHE SHEPT'ETMYECKUIO CIEKTPA HEATPOHOB CIOHTAHHOT'O nmmma”‘cf B OBIACTH
HN3KAX SHEPTUR *+

M.B. Bavxos, B.A. Buresko, B.H. Opesnu
Paguesuf wucruryr nu. B.I'. Xaomvwwa, Jlenunrpaz, CCCP

AnHoranus

MeTozoM BpeMeHM IpoNeTa C MCMOJNH3OBaHMEM xpncranna‘[u](fb) B KayecTBe HelTpOH-
HOTO ZerexTopa uayuajach GopMa CIIEKTpa HEelTDOHOB CIMOHTAHHOrO AeJeHUA 22Cf B
o6nacty aHepruii I k3B - I MaB. OcoGoe BHuMaHMe OCpamayoCch HAa 3HEepreTHYECKH# mua-
na3on Hume 200 k3B. [lonyyenHue ZaHHHEe M3MepEHW YyKa3NBaT HA BO3MOXHOCTL Omaca-
HUAA CMEKTpA BO BCEM M3Y4YBEMOM NMANMAa30He 3Hepruit OZHomapaMeTpOBhM MaKCBEIIOBCKHM
pacnpezenetuem ¢ T = I,42 MaB.

\CIIEKTD HefiTpcHOB AeJieHNA, He{fTpPOHHH{ CTaHZapT, KanudopHMii-252).

OmpezencHue TOYHOA JOPMH 3HEPTETUYECKOTO CLe.T;a " )0HOB CMOTAHHOT'O AeNeHMA
25“C¥ HEOOXOZMMO B CBA3M C TEM, YTO OH pexoMeHZc. - UATATI ANA MCNMOAB30BAHMA B
KayeCTBE cTaHAAapTHOrO CNeKrpa HEHTPOHOB Zelesafl. 3T0 2HepreTHYEeCKoe pacnpene-
JeHue MOXET HmMPOKO KCNONB30BATHECA B Pa3’3JUYHHX HefTPOBHO-CLeKTDOMETDUYECKUX HCC-
JeN0OBAHMAX IJA NMPOBEZEHUA OTHOCUTENBJINX M3MepeHuil. LIeHHOCTP ZAHHOrO CTaHIAPTHO-
TO CHeKTpa OfpeleiseTcA TOYHOCTBI, C KOTOPOt OH M3BECTEH, OXHAKO 3ajaya Mpeiu-
3MOHHOTO €ro M3MepeHus ABAAECTCA AOBOABHO CAORHOH. Jac™YHO 3TO CBA3AHO C TEM,
YTO M3yYseyuid CNEeKTP 3aHMMaeT OUeHb WUPOkuii 3HepreTHveCKMil uHTepBan. B HacTos-
mee BpeMg 8 obusacry adepruit or 0,5 20 8 M3B pe3yapTaTh HECKONBKMX padoT yAOBIET-
BODUTEJBEO COTNACYNTCA MEExRy CoCoi, XOTA TpelyeTcCA AanbHeflnee cymeCTBeHHOE YTOY-
nerwe £ mwx [I, 2]. B o6iacT amepruii mmme 0,5 MaB moioxenme ocraeTcs HeyAOB-
JNeTBODMTENBHNM, TAK KAK pa3dpoc NMAHHNX DA3NWMuHHX pador npeswmaer 30 - S50 %,
{3 - 6], uro coBepmenHo HempwewMeMo AR cTaniapTa. MaMepeEMA B OGIACTM HHBKMX
3gepriil npeicraBisier oco0He TPYIHOCTH, KOTOPHE [TpexZie BCEr0 CBA3AHH C BANAHUEM
paccesEMs HefTPOHOB G0Jee BHCOKWX DHepruif u yxyzAmenneM QOHOBHX yCJHOBMA aKCrmepu-
MeHTa,

B HacroaAmelt padore npeicTaBleHN Pe3yABTATH H3MEPEHHH CnexTpa HeATPOHOB CNOHTAH-
HOTO AEJeHUA Cf B ofnacrH 3Heprmit or I k3B a0 I MaB, HauGonee ZeTaiAbHO M3Yy-
Yanach o6aacTd aHeprult uuxe 200 x3B. A MOBHWEHHS TOYHOCTH M3MepeHMN BAMAHME
BelATpOHOB, pacCeAHHMX AETEKTOP&MM CMeKTpoMeTpa ¥ okpyxanmed cpezolt, ompezmesns-
A0CH, KAK 2%CIIePUMEHTANBHHM, TAK M DACUOTHHM MyTeM. B padoTe OnA CymeCTBEHHO
yMensgen Qox caydaiHnx coBnazesuit.

SHeprua HeiTPOHOB M3MepANach METOAOM BpeMeEM npoiera. HeliTpOEN perumcTpuUpoOBa&ANCH
xpucranaon 6Li J(€u) mnamerpom I7 wm, TonEMHON 2 WiM 4 wu. JeTeXTODOM OCKONKOB
CRIYXHA Iasdonoit CHMHTHNAUMOHHNNA CUETUMK, NpUKAeeHHHH HEMOCPEACTBEHHO K MMHEATOD-
oMy QoroymHozuresw P3Y~7I. Caoft xanudoprua HaHOCHACA BAKYYMHHM pacnuIeEHeM Ha
ZHO PA30BOro cyeryuxa. cmoanzosamuck ABa cxod Kamufopuua (I - I0” zea/c =

2. 10% Aea/c). 3amexTr 9acTh CAEXTPOMETPA MOABEPIraach CYNMECTBEHHHM HaMeHe-
BdsM MO CpaBHeHuD ¢ 71, LAyme#t pasoroil [5]. Tax, HanpuMep, OHA MCIONB30BAH Bpe-
MA-aMIAKTYABH) aHAAM3 MMIYNBCOB HeUTPOHHOrO fAeTexropa, KOTOPHR nMpuBea K cymecT-

+ PaGorTa mpo30AMTCA NpU MOANEPEKEe MeXZYHApOAHOro ATEHTCTBA MO ATOMMOM 3HEpPruy
(uccaenonareasckuit Kowrpaxkr & 2048/KB).
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BCHHOMY YMeHBLENEHND (QoHa cxyvaliHux coBnagenxii. [fyrem aMnaMrTyznoff CeAexmu¥ B GHCT-
pOM KaH&Xe DEerMcTpamMi OCKONKOB ZAeNeHMA MCKIDyazach (OB, CBABAHHNE C nogpAeHMeM
XBYX 8KTOB ZCNEHNA B M3MEeDsieMOM NHTEDBANE BpeMEHE. STM yCOBEepHeHCTBOBAHMA MO3-
BOAMAY MPOBOAHTEH M3MEPEHEA C MHTEHCHBHHMN MCTOVHRKAMN XaXuPoOpEMA Ha MAINX (a3ax
B 06NacTE HM3KMX dHeprafi. [OCKORBKY ZAA YMEHbLEEHNR BEMSLEA paccesHMa 0T ¢orToym-
HOXMTEXA MM BNHYRACHH MCMOXL30BATH AETEKTODH HEHTPOHOB C KPHCTANNAMM MANI'X pa3-
NepoB, 3(JEeKTHBHOCTH PEFMCTPANMM HEHTPOHOB HM3KA, BTO NPEBOARAO K CYmECTBEHHOMY
YBEAMUECHUD HEOOXOAMMOro BPEMEEM M3MepeHMil M, CNeA0BATENBHO, K BHCOKMM Tpe6oBa-
HUAM K CTACMABHOCTE DaGOTH cnexrpomerpe. OXHAa CepuA M3MepeHEH# C COOTBETCTBYDNH-
MM KOHTDOJBHHMM ONTHTAMM 3AHEMENA OT OZHOI'O X0 ABYX MECANe3 KPYTAOCYTOWHO# pado-
TH YyCTAHOBKM.

-

MaMepesns NMPOM3BOAMIHCH HE HECKOJNBKMX MPOJNETHHX paccrosuMAx (62,5, 125, 250 u
500 MM) ZnA CpaBHEHMA DPe3yABTATOB, MOAYYEHHHX B DA3AMYHHX YCIOBMAX ¥ NMOBHMEHMSA
CTaTHCTHYECKOE TOUHOCTM M3MEDEHMH.

:}«j o ' ’ Puc. T AnnapaTypHse HelTpOHHNe

: A\ CNeKTpH (nokasaia oGnacTs HH3-

I - , KMX 3HEDTHA), NMONYYEHHHE C TMO—

40! _ MONBD KDHCTAJJIOB,

c I - xpucrann®Li7(&) (8V - nan-
o8, HHE DA3NIAYHMX CEPURA_ M3MepeHmi
~10" i Ina OposeTHOR Ga3H I25 wM,e, 0 +
SR - DaHHNe ANA GasW 62,5 MM),

o I\ ! 2 - xpucran:n *uJ(fu) (D - nak-
T4 M ! HNe ZNIA NMpoMeTHO# Gasw 125 Mu,

% [ ‘ e ; @, A - fauHHe AndA GasH 62,5 W),
D' 'j ‘,:":-.- e - ‘

T L T |

W , ;
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3HEPFUSA  HEWTPOHOB. KIB

Ha puc. I nokasamy 3KCNepuMeHTaNbHNE MIEKTPH MO BpeMeHM npoierTa. [aa uaaocTpa-

OuM BKAAZa OT peaxuuit Ha fAZpax MOoZa 37ech Xe NMPUBuZieHW CNEKTPH, MOJYyYeHHHEe C

NOLBI xpncranna’LC7(€u) QHAJOTMYHOrO N0 CBOMM XapaKTepucTuxam padoyeMy Kpucrai-

Jny. Bpemensoe paapemeHye, OUEHEHKOE MO WHPUHE TaMMa-N¥Ka Ha MOJYBHCOTE, DABHO

I,5 He, QoR cayvadnux copnagzeHu#t cocraBasan nmpu sHepruu I0 k3B IO % or addexra.
IR cpaBHEHWA MOXHO LDMBECTH KakHNe O done M3 pacoru [ 3], KOTOpH# Oun paBeR

" 300 % anA 9TOR e BHeprMM.

B samux npeaupgymux padorax [5, 7] MH CTPEMMINCH K yMEHBIEHHD MACCH NeTEeKTOpOB

¥ CO3LaNH BechMa MYHWMATOPHNE CYeTUMKM NO CPABHEHM® C OCHYHO UCNOAB3YEMHMM aHa-
JOTHYHUMK AETEKTOPAMM 3 APYrux padorax [3, 4]. B AsxHOlft padoTe ZeTEKTODH HeH-
TPOHOB M OCKOJKOB ocTanuch Temu me., 0AHaKO, MN CYMTaZH HEOOXOMAMMHM ONpENieUTh
BIMAHKE DPacCeAHMA OT HMX Golee TOYHO M B 00Jee NMMPOKOM Anamnasone SHEPTuit, yem
Jenanm pasee. JKCnepUMEHTANLHAA OUEHKA BINAHMA DacCeANUA HA rasoBOM CYETYMKE
NPOM3BOAKAACEH MyTeM YABOGHMA €r0 MACCH C NMPUMEePHHM COXPaHEHMEM I'eOMeTPHYECKOTro
pacnonoxenns.. OUeHHTH: BKAAZ paccedHus 0T HefTPoOHHOrOo neTeKTopa OHWAO TpyZAkee,
TaK KaK COX[AHMTH IeOMeTPUD NpH YABOEHHO# Macce BeCHMa& CIOXHO M3-38 HENOCDPeACT-
BEHHO# OJMBOCTH KpycrTamna kK QOTOYMHORMTENN. [loaTOoMy OJIM BHMOJNHEHH KaK K3mepe-
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HNfl, T&K ¥ DACYGTH ANA ONEHKN BXRIAZR HEATPOHOB, DPACCEAHHMX 0T (OTOYMHOXNTEXS.
NloxygyeHHHe TAKEM OGPA30OM NMONPABKA XODORO KOpPpeaMpOBaAN MexAy coGoii. MHoroxpar-
HOe pacCefiEHMe B KpHMCTaANe H 2T0 yNaKOBke NPNBOAMT KAK K M3uMeHeHMD sddpexrMBHOCTE
peracrpamuy HeATpOHOB RAHHOH PHEPrNM, TAK H BPEMMEEHOMY CABHIY MOMEETa permcrpa-
oxR. Jan xoppexmeu 57ux mcxaxennit B.H. JymmyHM Ohia COCTABNEEA NPOrpAMMA, KOTO-
p8A pemaeT ypaBHEHME UepeHOCa EeATPOEOB B reOMETPHSYECKHX YCINOBHAX AETEKTOpR Me-
Zom Momre-Kapxo [IO]. Acnoxs3oBaxocs 40 rpynnopoe upuéaAMzeHEe. JAR HeHTPOHOB
KAaxZI0 I'pyINN BHYMCARXCS BpeMeHHOHX OTHIMK COMHTHANATOPA, KOTODHi 3aTeM MCIOXb-
30palcA AnA BHUMCAeHEd nompaBoyuoi ¢yHkuum. Ilpn anaxmae BOSMOXHHX MCTOVHRKOB
paccefiiMs HeHTPOBOB, MM NPMANKX K BHBOAY, YTO BO3AYX TAKEe MOXET BHOCHTH 3aMer-
Huit Bxnax. PacyeTd moxasamm, 4To 8T0T 3jPeKT CyMECTBCHHO 3ABACHT OT M3MEPAEMOro
niTepBaza SHEPruRE W MNpoXeTrHOR GasH (HanpuMep, AAs 6asH 6,25 cM NONpPABKA paBH&

7 % npr aHeprau I0 k3B).

. . . Puc. 2 2JHepreruvuecKas 3aBM-
5t 0 R CHMOCTH NONDABOK HA MHOIO-~
KpaTHoe paccesH®e HeiiTpoHOB,
[~ B KpucTaane AAa Gasy 250 M,
0F . pacuer (- - -), B foroymHo-
AN xuTene HEATPOHHOrO AETEXTO-
AN a A 0asH 62,5 MM, pacuer
1 ) 4 Ha B3anMozedcrBHe
HeATPOHOB C aM¥ ROA8 B
Kpucraane zad 0a3H 62,5 mM,
3KCnepuMeHT (- - -).

O, %

St 4
A .

PO Y ey §

En, K;g

Ha puc, 2 nmoxasadli PHepreTHueck#e 3IABKCHMOCTE HEKOTOPHX MOMNPABOK Ha pacceaHue
¥ HA B3aWMojfiecTBre HellTpoHOB C AXpaMM KOAS. BeAHuuHA CyMMapHofl nonpasku B 00-
nacru sHepruy I - 10 k3B aocruraer gecATHX Xoxed or adbexra. EcrecrsesHo, uTo
HeydeT 2T0T0 ABEEHHS MPKBOANT K CYyReCTBEHHOMY 3aBHIEHMD MHTEHCMBHOCTH B DT0#
00AaCTX.

- Puc. 3 Cnexrp HEHTPOHOB CMOH-
} TAHHOTO ZeJIeHMA f » noquen-
HH{l B Aauuonupadore (e). Cnaom-
! Haf AuHNA -~ MaKCBeAAOBCKOe pac-
! npenexenne (T = I,42 MaB), llan--
T uognnponanu B 00nacT¥ 2Hep-

ru#t 0,4 - 0,8 MaB. YxasaHuue

OBNOKN ~ CTATHCTHYECKME.

UNTEHCUBHOCTD, OTH.EA.

10 i

1

10 00
JHEPMUA HELITPONOB, KJB
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Ha puc. 3 mpeacraBRes CHexTp HelkTDOHOB CIOHTAHHOI'O AEAEHAA ZSZCf B ofJacTH
aueprak I xaB ~ I M2B, noxyvemmult B Aamnofi paGore ¢ yYeTOM BCEX NOnmpaBox, Ilpu
BHYMCHEHER 3(PEKTRBHOCTR NCNOXB30BAXMCH 3HAYCHHMA CEeYEHRA peaxnln‘lj (na) ua
daiina ENDF /3-V xoropsie XxopoEO COrAB8CYDTCH C MOCHEAHWME DXCIEDHMEGHTANBHHMN AaH-
HEuN [8, 9]. Ha pmc. 3 cnaomuoli amENell noxasano MakCBEeXXOBCKOe pachpeaencHue

¢ T=1,4 M3B. 3xcrnepEMeHTAXbHEE TOYRN DACNONATANTCA AOCTATOUHO OAM3KO OT 2TOM
KprBOll BO BceM mOMepheMoM ZN8TA30He. Pa3Gpoc TOYEK B OCHOBHOM HAXOAMTCA B Npe-
ZeX8X yKa3aHHHX CTATHCTNUECKNX OERNGOK. HeGoxnmoe (v5 %) cmcremarmieckoe OTKIO-
HeBEHe TOYEeK BOANIN SHeprmk 250 xsB mo-BNANNOMY OOYCAOBAGHO NOT'DEmHOCTHD HCHONB-
30BaNAHX 35AYeHNE CEUCHNA DeaKImNN SLi( nal). Taxau o6pa3oM, cnexTp HeATDOHOB JHe-
Xenns 252Cf » odxacrn sHeprufi I xsB - 1 MaP moze? GHTH AMNPOKCHMMPOBAH Of{HOnNA-
pamerpoBuM MaKCBOXAOBCKENM pacnpexeIeENEM.
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AECOIOTHOE WSMEPEHME CEYEHAA JEAEHMA 235 [P E = 2,6 KSB 0 METOLY KOPPE-
JMPOBAHHMX N0 BPEMEHM COINTCTBYDEMX YACTRO

P, Apms?, B, Barmep, M.Bm, ', Mysmoas, X.-I'. Opraemn, I'. [aym, Y. Puxrep,
P, Tekxaep,

Texnmdeckmft YHEB2pCETE? r. Jipesaesa, TP,

J1.B, Jrammuacxkxk, B.H. Jymmn, B.H, linaxos
Papmeput MEcTETYT WM. XXOIMHR, JeHmErpax, CCCP.

1.BBepesine

OnTEMRIEEAA KOHCTPYKIEA M SKOHOMNYECKAA SKCILYATAIEA DEAKTODOB HA CHCTPHX
gefiTpoHAX TpedyeT Nno BOIMOXROCTE TOUHOE SHRHNE CeYeHNA lleeHNA BaxHemNX N8O
ronos ropmdero /I /. TpeGoBaHmA K TOYHOCTH RARHHX OCOGGHHO BHMCOKNE B OGEACTH
OKOJO 2.5 M9B,TaK Kax B 3ToM paflOHe SEEPIEE HAXONNTCS €m0 MHOTO NEANTENRHHX
HeftrpoHoB. Kpome T0r0, cevenms nexemmsa 235U ARAAETCH BARANM CTAHRAPTOM,IAA
KOTOPOTO TpedyeTcs ONHONMpOLEHTHAR TOUHOCTH /2-4/, Ha pEc, I comocramnemu
IAREHEe B3 HEKOTOPHX BAXHHX ONeHOK. Ilpescransemnas B padore /5/ mporpaasa
¥aMepeHAll DoJmHa NOMOY: B NPEONONeHER cymecTbynmux pasaoraacmli. Kark vacrs
peaym3auEE 3TOff MporpeMM HAcTOANAA DPROCTA NMPENCTABAAET IDENBAPATEALHM® pe-
3yJABTATH AGCOMNTHOTO E3MEDeHHs CEeYeHEA NefeHma 235U HeRTpOHAME SHE[TrHE
2,6 MaB

2. Meron E3MepeHRNEHA

B akcnepmmeHrax Ha 150 KHAOBONBTHOM KACKANHOM reHepaTope TexHEYecKOTo
YumBepcurera r, Jpe3ajena BrepBHe OHN IPAMEHeH METON KOPPEINDOBAHHHX 0O Bpe-
MEHE CONMyTCTBYDWMX JACTHL LA SGCOMNTHOTO H3MepeHEd CeYeHRA nesenma /6,7/
NPH 2HEPrvM HaJeTanmex HefTpoHoB - 2,6 MaB /pmc.2/.

UToOH HOCTEYE TpedyeMyn TOYHOCTH I - 2% HyXHO NOOHTH MeHbEe ONHOTO MpOIeH-
T CTATECTHEYECKOM NOI'PEMHOCTH B CYéTe COCHTHR nesieHES. JUIA 9T0r0 HeOoOXOIEMOe
BpeMA M3MEDeHHA COCTABIAET HECKOXBKO HeNeab, Jna céopa M MperBAPHTeAbHOMN
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PULSE FISSION CHAMBER
U : 4038 ,.aglcm2

20padoTXE MRORSCTPA B 3TO
Bpest NONBEANSGEXCH RAHHUX
CAYRNT CBA3bh IKCHGDEMEHTS C
maxolk JBM rena KRS 4200 wepes
RAMAK / 8/. Mosostic;-evsdec—
xye Hefrpomu sseprmm 2,6 MsB
OpomsBOEATCA peaximol

D(d,n)’lle - « KoxxmeaTopoM
NCKAWYANCA CREET dokyca mo
ReliTepmepof MENEHE, TAX KaK
cradEabHENe YCNOBNA ABAANTCH
ACOTHEMMDAIM TDeXyCAOBEEM
RAA METORA CONYTCTBYRENX da-
CTH.

Jar oTaexeHEs recAmHOP 07
JOXB®OI0 YHCAR paccesHNx gelt-
TOHOB BREZEHA TOHKAA AANMEHE-
B2A doAbTa, TOMMEHY KOTOpOR
HEeoOXOMAMO TOYHO NOmoOpaTs,
TAK KaK 3HEPI'EA I'eQJEHOB
Jmb 800 k3B, JiA9 TOUHOTrO

onpenesemna §oRAa TPETOHOB MOJ NMHKOM I'EOJMHOB OKAO MPOBEREHO E3MEpeHHe CneKTpa
¢ Toxctolt doxsroft /pac.3/. TOMEEHY MOROGPANN TAKNM OGPA30OM,4TOOH TeNMOHH OHAM
TNOTJOMeHH TP MMAEMAABLHOR MNoTepe SHEPrMHM TPETOHOB, JTAa OpOBEPRA ¥ MOKA3aAA,
9T0 HA IECJO T'EJANOHOB B OKOHKE HEé BAKADT /CKTDOHRHE mymu, Heodxommeum mpen-
nozoxeHneM Ge30MECOYHOT'0 MPAMOHERMsi METORA CONYTCTBYINGEX YACTHI SBAHETCA TO—
9YHOe 3HAHEE NPOCTPAACTBERHOrO pacHpeneNeHmA HeATDOHOB,CBA3AHHHX C JeTEKTHDY-
eMHMNE TEeONHHAME, [lAq NpoBepKE Tonorpaf¥E HeATPOHHOro ROHyca OHA NpEMEeHEeH
CIFYKOOSpasSHull mwACTNYECKR CIMHTRANATOD,C TOMOMBED KOTOPOTrO OHAO OMpeAeAeHo
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Iyca0 copnagesxit n->He xax $yRRUMA yran
OTHOCETCALRO RANDABACHNSA HANGTADWNX
xeftronop /pac.4/. JeTeXTOPOM OCKOAKOB
EOROHER CRYENER CHCTpEA MMITyALCHBA
ROHNSAINORRAA KAMEDA HANOXHEHHAS MOTA-
ot /9/,. iun yxyamesms CTATHCTEXE OHR
BuIOXHeRa AByxmsatHoR /I0/. locTETHEyTOe
BpeMeRHOe paspemesne B pafioHe 3-4 ns
/pmc. Sa,B/ NOSPORAAO B MOCTATOUHOR Me-
pe DomAREAYH cxyuallnue copnanenms, Kpo-
M2 BDEMSHNOIreC CNEXTPA COBRANEHNE HACE-
paxca axuENTYRRMR cnexrp coourmit nexe-
mxn /pwc. 5¢,4 /. K3 arorv paccumraso
YECRO0 NOTOPAHRMX N3-3a NODOTR CHCTEMH

BpeMennof MPEBASKE IMIYARCOP METOROM IKCTDANOMAINN NAaro. Kpome Toro nmposepesa
KOPPeNIN? Ha NOrAOWeANe B MENGHN OCKOAKOB Aelemmn /II/. MeTOROM MOHTe-KADXOD
pacCUETRH BXAARK PRCCOAHNX RefTPOHOP NONARAKENX BHe MEwes /I2/. Kpowme Toro

UpN 37TOM N YINTHBARSCH KCPPEXID TOMGNNN MENCHE AAf HefTDOHOR HAXETEINMX He-

NepneR)AXyAApHEO, UNCEO AXED P MEBGHAX ONDENSAAAOCH NSMODeHNEM RX

- axKTEBHO-

cre B maxoft reomerpmn. [Ipm pacyers wNCS2 AA6D NCIOABSOPAICS IepNOXN JoAypacnaza

/7.0%1 % 0.0048/ -10°

XeT poxyyemmxt B padore /I3/. B oxradpe 1979 rora mpo-

BeReHHHR ZXCOCPEMENT BRAX NpenBapRTeAbANE DESYALTAT AR CeYGHNA neaeHmA 235U

aHepram 2,6 MaB;
PR 4‘5,=( 1,154 £ 0,020) °I0

™

BeamYNHEN MONpABOR R EX IOrPEeEHOCTE COCTARNOEM B Tadmme I,
Ha pEc. 6 Doxasafu HANN DpPEXPADNTOABRNE DESYARTATH /23 X 978 pacora/ BMecTe
pesyabTarasal Xpyrmx apropos / I4 - 22 /.
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T & PANKRATQV (1960)
[ q SMITH (1962)
® 130 } ¥ HANSEN [1967)
E ] O SZABO (1973}
-~ b { * 0O POENITZ (1974}
w [ o4 CZIRR (1975}
Q 120 L y } e BARTON (1976}
2 @ POENITZ (1977)
SL L ® OUR RESULTS
v S
[ {
110r
- Puc. 6,
Tadmma 1
BeJHMYEHH NONpABOK,MX NOrDENHOCTE H HX BKNAN B CyMMApHyD omEOKy G .
K .‘KI“ ‘“Eﬂs
CraTECTHYECRAA NOTPENHOCTH - - 1.07%
CrygeftHke COBNAREHAS - 9.14% 7 0.66%
IKCTPANONAMA K HyJaeBoh
BHG% OCKOJIKOB + 0,68% 30% 0.20%
NOTJIOMEHEe B MEMEHN
OCKOJKOB TeJeHNms + 2,11% 15% 0.30%
®OR TPETOHOB + 3.28% 20% 0.66%
paccesnEe HefTporoB + 0.30%
Qucao Anep B Mpmesyu - - 0.90%
HeATPOHN HaJleTammMe
HenePnen Ky AAPHO + 0.28% 30% 0.1%
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WIYEPEANE OTHOERHMA CEVEHMR ZEARHEA 233Um 235UB OFAACTR 3HEPTHE 0,0 - 2 MoB

C.A. barpros, T.A. Mocromas, B.R. Mocromoi
Racraryr Arowsol Cueprmm mm. Kypuarosa, Mocxma, CCCP

AHRHOTRLUNA

Ha 60 M3B AuHeiliHoM yckOpRTENe 3AEKTDPOHOB C NONORER ROKN33 OMHOR Kamep C raso—
BHM yCWACHNEM MIMEDEHO OTHONeHME ceueHmEl AeXeHNA r 22U, HowmHampuoe pa3-
pesexne B MIMEPEM:AX COCTABAAEKO 3 Hcex/M. [IOXyueHRaA JHEPreTMHYEcCKad 3aBRCHMOCTDH
YAOBAETBOPHTECRBHO COIRACYETCA C AAHHHMW ADYI'EX aBTODOB, NOXYYEHHNNN B NoclenHee
BpeMs.

Npkeaekarextiocrs peaxtopos Ka 25U - 23Th yuuaa, xak peawtopop 3xomoMmuHNX,
KHIMIMMDPYET P2COTH NO MONYYEHHD HeATDORHMX CeYeKNR, HEOGXOZAMMHX AAf MX pacue-
TOB #, B YACTHOCTR, CeueHWd AeneHma. Tocxe padoru Fepenca w zp. [I], B_mocaea-
HMe TORN B Pa3/WYHKX NAaGOPATODWAX BNMOAHEHM WaMeDeRMA ceuemmit Zeneus 2>>Un
er0 OTHOWEHUR K CeueHuD AeXeHms 2>°U)3 o0macTM aHeprmil RedTpoHOB, MpEACTAB-
RADmE# MHTEpeC ANA GHCTPHX PeaKTOpOB. 3ZeCh MONHO YNOMAKYTH PaGOTH, BHIOJHEH-
ixe B CCCP QypcoBu¥ u Zp. [2], B AProHCKO# HaysmoHanbHO} naCoparopun [loedunom

# ap. [3] u B Xapysane Lxeimcom ¥ Zp. [4].

Ha A0 M33 nuHeiiHOM 2JeKTpOsKOM yckopurexe "daxen" UAD mM. U.B. Kypuaroma, uc-
NOJB3YyEMOM B KOGYECTBE KCTOUHMKA HEHTPOHOB, OHAK NPOBEACHN W3MEDEHHA CeYeHudH
LeIeHMR 233LIM 235} 5 agracru ateprud oT I 28 @0 I0 K3B, a uX oTHOueHxe B OO-
nactm no 2 ¥38. 3 Ioxjaze NpenCTAaBASHN pe3ynbTaTH 3 oOnacTk odHepryd 10 KeB -
2 ¥3B, oTBeyawmei MHTEpeCOM ZAHHOTO CeMudapa.

BuCOKAR YIenbHan & ~axTuBHOCTS> 25°LJ, & rakae KCCTKOE Y -#3Ayu=4ite NPORYKTOB
racnaga 232(J, mpuUCyTCTBYWEEro BCETKA B O6DA3iaX WM MANEHAX, BH3WSaeT 3Ha-
YiTeNLi{kie TPYLAHOCTH B JHCIepAMEHTaX. LJA ACCTUEEHKR BHCOKOL TOYHOCTH U XOpO-
uero pedpeLeHWA, NDPM ZOCTYIHHX MHTEHCYBHOCTAX MCTOYHAKOB HEUTPOHOB, HEDOXOIMMO
MCMOABINBATD OGPA3UM KM MumeHw <330/ Becou ~I rpauk u Gonee. [03TOMy MpA U3-
MEpeHKAX CeYeEryA AEJEHWsi MYyTeM MpAMO) DELKCTpPALUK OCKOJKOB HEOOXONUMH AETEK—
TOPH C BWCOKKM BpeMeHHNM pacpeuenuem (~ IC Hcex). {Ipu HMCNOAF3NBAHMK XK€ METOIV-
¥ #3MePeHMi Cevenuil AeMeHuA MO BTOPKYHNM HEATPOHAM C MOMOMBD CLAHTHIIALMOHHHX
LEeTeKTOPOR, YTOCH K3CaBUTHCA OT (POHA § -M3AYUEHHA NPOLYKIOB pacnaga 232y, He~
0GX0ZUMO iuen 00pA3NK, B KOTOPHX MpUMeCh 3TOr0 H30TONA Ohaa OH £ 10‘6. Mu He
pactiosarany TaKyM YKCTHM K30TOomoM. [lo3ToMy B ZaHHOi pasoTe LAA perxcTpaymu Ie-
AeHuit CuNa KCMONB3OBA&HA MOHN3ALUWOHHAA KaMepa C ceTKaMu. Ona pagoTala B DERHME
rasosoro gcuxennﬁ (koapdunuenr ycunenua 20), u uMesa BPEMEHHOE pa3pemexKue

20 ueex, 33(13 BHIe OKKCH-3aKyCH OHA HaHeceH Ha o0e CTOPOHH NMAOCKOTO axkioMitHue-
BOTO 3jeKTpoza pa3uepod 10 x 20 cnz.

OGuee xoanyecTBO 233L} € oOnramerneM Jjydme udev 96 %, HaneCeHHOro Ha MOBepXiHO-~
ctv 400 cu‘, cocraspaano C,I80 r. 308 ¢ oGorollenueM nyume dem 99 % B KOMU-
yecTBe O,€ I OMA HAHECEH HA MAGHTHYHMH 2/eKTPOX. B MOHM3ALMOHHOH KaMmepe CHOK
HAXONMAKCH Ha paccTofluM 3,5 CM.
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#3amepeHnAs NMPOBOAMAMCH NpH CHEXYyDHEM peXUMe PaGOTH YCKOpHTEnd:

I, JHeprma yCKOpeHHHX 3AEKTpCcHOB - 60 M3B,

2. JmTeELHOCTH EMNYABCA YCROPEHHMX 3IeKTponoB - 50 Heek,
3. Tok 3XEKTPOHOB B MNMUYABCE Ha ypaHoBoi uumenu - [,2 A,
4. Yacrora nocunox - 460 repu.

lpoxernoe paccrosHMe A0 MOEW3AUMOHHOM KaMepH COCTABIANO 26 M, I8 yCTPIHEBMA
appexra penurANYecKuX AeHTPOHOB NYYOK NEepeKpHBAACA (UARTPOM M3 IOB. ToNmMRHOR
0,I5 r/cu®. [leperpy3xa KaMepH 3a cyer § -BCUHWKA YCKODHTENAA NONHOCTHD yCTpa-
HAAACh TeHeBOR 3ammro# M3 cBuHNA, TOAMMHOR 60 cu.

Jdgexrn Xexenudk or cxon ZSQJ '] 235Llperucrpnponanncb Ha OTAEJNBHKX aHAXM3aTOpax
AK-4096 oxHoBpeMeHHO C EMMPMHOH KananoB 1" = 50 Hcex. CrapT 3azaBalcA INEKTPOHHHM
WMAYABCOM, BO3HKMEANMMM OT YCKOPECHHHX 3JIEKTPOHOB Ha MMEEHH,
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don HeraliMMpoBafAHHX HEHTPOHOB OLEHMBAJNCA TO CYETY B KaHajaax aHaxMaarope X0 Ha-
Jana perucrpaiyn ¥ -xyueit or BCANEKK YCKODMTENd, & Takxe B 001acTH, oZsedanmes
9HEPrMANM HelTponoB BHme I[6 MaB, Jro? (oH ONA Man ¥ AjA O0AacTM IHEDIrHA Iume
10 K2B se npesmman I,5 %.

: 235
PeayABTaTH M3MepeHuit 3HEPreTRYECKOd 38BHCAMOCTH 6}-("&J)ﬂ5} (“7U) , wopus-
poBalude B o6nacT® (I - 2) MaB axeprmit x amavenmo [,523 (5), npeacraBaexH Ha
rpajuke. Tau Xe nanecens Aamnue pador [I, 4, 5].

Baano, 4?0 mamepensoe OTHONEHME B CpeAHEM YAOBICTBOPMTEABHO COraacyercs C AAH-
HwMM pacor [I. 4, 5], XOTH HMEDTCH ¥ OTAGABRNE OTKAOHEHHA T0YeK, NMPEBHNADRHE
POAUUKBY omROOK (~2 + 3 %), OTH BHOPOCM TOUEK HACTHYHO MOT'YT OWTH CBA3SHH C HO-
peryzapso# cTpyxrypoff cmexrpa RefiTpoHOB 3 myuxe. 3ra CTpyxrypa ofycaomaesa
KOHCTPYKIMOHANMY MATEPNAJNAMN, HAXOAANMMMCA Ha MyTR MyIKa HeATPOHOB ¥ ee Sddexr,
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0O BUAMMOMY, NONHOCTED Hé YCTpDABRAeTCA NpE NpNBSAGHEN ckopocrell cuera Zexemmi
5a cxoe 23U x NPOXETHOMY PACCTORHND CHOfl .
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SEARCH POR HIGH-ENERGETIC NEUTRORS IN THE 14,6 MEV XEUTROR INDUCED
PISSION OF 2

H. Mirten and D. Seeliger

Technical University Dreaden, GDR

Using the method of nén-pulee-ahnpe discrimination to sunpress the cosmic
background counts of the scintillation deteclor and measuring simul taneously
the time of flight and the nroton recoil energy of the neutron events

to determine exactly the expected effect field and the optimum analysis
threshold of the proton recoil energy for each time 0 flight channel

an attempt was made to detect neutrons with abnormally high energies

in the 14,6 MeV neutron induced fission of 238-U, These neutrons could be
a result of an excessive energy release in the fission process due to the
formation of superdense fragments with a possibly higher binding energy
per nucleon compared to normal nuclei. The upper limit of_the yield of

neutrons with energies over 38 NeV amounts to about ';'p-10‘8 per MeV and per
fission event.

INTRODUCTION

One conclusion of some theoretical works, which were published since 1971,
was the possible existence of superdense nuclei /1-3/. Many attempts to
search for such abnormal nuclei in the nature or t» nroduce them in the
laboratory have been carried out without success /4-14/,

¥igdal et al. nronosec to search for surerdense fragments in the fission

of normal nuclei! /2/. Hitherto such experiments were centred on the
detection of positrons and the search for electrons, J-rays and neutrons
with abnormal high energies in the spontaneous fission of 2520f or in the
neutron induced nuclear fiseion at relatively low incident energieas /11-14/.

It is conceivable that there is a higher possibility of the formation of
superdense nuclei in the non-stationary phase of the fission process
compared to spontaneous transiticns, Por the theoretically possible csase,
that the binding energy ner nucleon in tLe superdense state is higher

than in the normal one, one may expect a higher energy release in an
abnormal fission event with the simultaneocus formation of suverdense
fragments, i.e. an energy release of 103 to 104 appears instead of about
200 MeV in the normal case. Higher energies of the prompt fission neutrons
and a higher average number of fisslon neutrons becsuse of the changed
ratio between the proton number and the mass number in superdense nuclei
would be a consequence.

72/

In distinction to the works /12,13/, this experiment was aimed at the
search for neutrons with energies over (30...40) KeV in the neutron
induced fission at the higher incident neutron energy of 14,6 MeV.

EXPERIMENTAL ARRANGEMERTS

The eim of the experimint was to detect a very small effect. Hence, it
#as necessary to reaslize a high rate of fission events, to suppress the
backgroun.', to apply a high-efficient neutron detector and so on.

The measurement was carried out at a 150 kV deuteron accelerator ueing
the fast neutron time of flight technique., A pulsed deuteron beam of
(30...35)/uA fon current, 1 ne pulee width and 5 Mis repetition rets
was focused on the neutrnn nroducing tritium target.
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The sample of natural ursniwm (99,) % 2”0) of 21)7 ¢ mass was located bevide
the tritium target between this target and the detector. Ia this may, &
srimary fission svent rate "fol“ = 4.v-107 o”! (averege) war resched. The
rate of fiseion events induced by orimsry fission wsutrons and by scattered

neutrons dl"ldt sacunted to about 1.0-107 s

so |- _’_,H’f'r"' —

CHANNEL NUMBER

PARTICLE - SPECTROS0:IC PULSE

COUNTS PER CHANNEL

ENERGY-SPECTROSTIOPIC PULSE

Pig. /1

Particle branches in a two-dimensional
representation illustrate the
performance of the n/u-discrinination.
The radiation is f a Po-Be-neutron-
source.

P - branch of neutron events
{recoil nrotons);

e - branch of J-events (electromns);

P branch of cosmic myon events.

Externsl 1imite of the branches (weak
1ines) indicate the 5 £ level of the
pesk height for a given energy-
spectroscopic pules channel number.

Pig. 1/11

Background vulee height spectrum of

the detector useoc in the experisent
{(calculated from the results of the
two-dimeneional measurement represented
in Pig. 1/1).

-1

The neutroa detector consisted
of a 1iquid scintilletor with
Fules shepe discrimimstioa
properties (Nuclesr Fnterprises,
EE 213, 12,5 ea in diameer end
12,5 ca thick) viewed by a fast
photomul tiplier (I® 2040).

The detector srrangement wae
located in @ hesvy shieldiug of
paraffin, l1ithivm versffin, irom,
lead and graphite. The distance
between the uraniuve sample and
the scintillator was 500 ca.

The d:tector was comyletely
shielded sgaiast the —esk
component of the cosmic raye.

An elect.onic systea for
nlf—puln-s!upc discrimxnaation
by the charge comparison metbhod
(comparison of the fast component
of the detecter anode signal with
the whole signal) was used to
supprese the remeining cosmic
background counts of the detector.
which sre sainly caused by myous
/16/ (rig. 1). The separsbility
of neutron and myon events is
poseible because of the different
specific energy loss of orotons
with energies up to 100 NeV and
cosmic myons with energies
between 9,1 and 2,0 GeV. The
steted myon energy range is the
ssin one of this penstrating
cosmic ray component in the near
of the ses-level. Because of the
spproximetely constent energy
loss of myons per peth length
unit {n matter for the stated
energy interval the scimtillator
geomeiry determines asinly the
form of the background pulee
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height spectrum of the detector (Fig. 1/II1). Por the scintillation detector
used in the experiment this spectrum shows a hump at about 20 MeV with
reference to the proton recoil energy. The used néu-discrimination method
makes it poamsible to suppresa the background to 0,5 % in the region of the
myon hump. The upper limit of the effective range of this discrimination
method amounts to about 40 MeV with reference to the proton recoil energy

(Pig. 3, compare with Pig. 1).

ﬁ & 8 " __t T T 1
il 5
A i B &3
w g gy Vg“'/ 7
g’;o«» E”T’ =w %///‘
g |9 9__41_ ______ v
Bani BO ) i
g z 2

10} 5 -
oL PR W
0 10 CHAKREL %&‘GaIGHTa’
15 20 30406000200
NEUTRON ENERGY (MEV)
Fig. 2

I1lustration of the two-dimensional
measurement of the time of flight and the
ﬁﬁgion recoil energy of the neutron events;
is the maximum nroton recoil energy
28r a given time of flight channel
corresponding to the neutron ene.gy;
B, is the analysis threshold of the proton
rlcoil energy, which can be determined as
an optimum for each time of flight chanmnel
(see text); 32 is the upper measured value
of the proton“recoil energy-spectroscopic
signal.

To reduce the load of the
spectrometer by J-even‘s a
lead filter of 2 cm thickness
was located in front of the
detector,

The fast output of ti.e
detector was used as the
start signal for the time-~
to-pulse height converter.
The stop signal was extracted
from the pulsing system of
the accelerator. The total
time resolution of the
neutron time of flight
spectrometer, including the
ion pulse width of the
accelerator, was about 2,5 ns.
Moreover, the output signsl
of the detector was used to
get a proton recoil energy-
spectroscopic signal by
integration, In this way, the
time of flight and the proton
recoil energy of the neutron
events were measured. The
adequate signals were two-
dimensionally stored in a
4096 channel analyser

(64 channels x 64 channels)
in coincidence with the
neutron identifying output

signal of the electronic pulse shape discrimination syestem. This arrangement
permited the orecise definition of the storage field, in which the searched
effect was to be expected. On the other hand, one is able to determine the
optimum of the threshold B, of the nroton recoil energy, which is used in the
analysis, The following criterion for the determining of the B, optimum {is
applicable for a given time of flight channel: The quotient between the
statstical error of the determined sum of counts in the allowable channel
range of the proton recoil energy above the threahold B, and the detector
efficiency as a function of B, is minimum. It is obvious that the quantity

of the threshold 81 is higher than the value of the incident neutron energy.
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Using the described method it was possible to measure simultaneously the
effect and the background (Pig. 2).

The measuring range of the proton recoil energy was limited. The upper
measurable value was signed as B, (Pig. 2).

ANALYSIS OF THE EXPERIMENT. RESULTS

Neglecting the differential non-linearity of the time measuring equipment
the following equation is valid for the calculation of the neutron energy
spectrum:

_ii.” X .g.%i.
N(E) = —= — Lk -£-P(E); (1)
kp(E) f&-6(E, B, ,B,) 3gE-1
X(k) ~ sum of effect counts in the time of flight channel k

calculated for the allowable proton energy range (Fig. 2):
B, < E < EJ°%, if E < By;
B, < Ep< 32, it E >B?_;
EP8X 48 the maximum proton recoil energy for a given time of
flight channel corresponding to the neutron ensrgy;

At - time of flight channel width, At = 2,44 ns;

*»
]

dead time correction factor;

k'.I'(E) - tranamission coefficient for neutrons with the energy E
determined by the neutron absorption in the lead filter and
in the sample itself;

2 - detsctor solid angle;

£(E.B1,B2) - detector efficiency;

dt - 6 2:L/m N (2)
I (n/u.v/)én'

L - path of flight,

The search experiment consisted of 31 single mesasurements, The whole
measuring time was 73 h, With about the same duration supplementary

cosmic background measurments without neutron beam have been carried out.
The whole number of the induced fission events was calculeted starting from
the measuring geometry and considering reughly multiple effects caused by
the reactions (n,n), (n,n*), (n,2n), (n,3n) and secondarily induced fission
events by primary fission neutrons. This quantity Nf = Nfo + Nf1 amounts to
¢-,3 ¢ 0,4)10'3,

Some further simplifications of the analysis were possible because of the
specific features of the experiment. The transmission coefficient kT(E) is
nearly constant for the interesting neutron energy range:

kT(E) & constant = 0,60,

The detector efficiency was calculated considering only the single neutron
scattering at protons, Because of the high threshold B, other processes
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practically don't influence the detector efficiency.

The function P(E) (see Pig. 5, equ. 1) characterizes the sensibility of the
measurement. Its dependence on the neutron energy is weak. It follows

F(E) 8 constant = (4.'5...‘5.0)-10.8 MeV'“ (3)

for the interesting neutron energy interval (B1 = 24 MeV, B, = 56 MeV, L = 5m,
R = 4,52-107% sr).

Fig. 4 shows the time of flight spectrum

2 ' J ! of the whole measurement at the optimum
B, v, B,
5 | 4 ‘ proton recoil energy threshold B, = 24
- o MeV both for the whole and for the
EJ o allowed proton recoil energy range.
< o o The background line was calculated
o 1 o s applying the number of counts in the
% o o background field (Fig. 2); it is plotted
5 ° o o for the allowed nroton recoil energy in
o .
x (moo 00 °°o Fig. 4 too.
& am @ In the neutron energy range above 32 MeV
0
S moo no significent enhancement of the
3 0 L 1 —— measured spectrum over the background
o 2 30 40 50 60 14 B (1) d (3) i 4
CHAMNEL NUMBER ne appears, Equs., an 3) were use
ENERGY - SPECTROSCOR!IC PULSE to estimate the uoper 1imit of the yield

of neutrons in some energy rasrvges.

rig. o The sum of the "effect”"-counts in the
Background nulse height

gpectrum per time of flight time of flight channel range
channel for the whole limit 28 Sk §39 (38 MeV £ E ¢ 180 MeV)
exneriment; Uy, 1s the upper amounts to (5 % 29). It follows

of the effective range of the 1
n/u-discrimination. N(E)$ 5:10°8 yev-'.

Using the average statistical deviation of the effect spectrum from the zero
level (2,8 counts per time of flight channel) one gets the same result.

A similar calculation was done for the time of flight channel range
25 $k %27 (30 MeV $ E § 38 MeV) at the threshold By, = 22,2 MeV, In this
case the sum of effect counts amounts to (6,5 ¥ 6,5).

o 40 T T T T
r4
g o
0} q h
[+ 4 o
Pig. 4 W ° ., ° o oo
w20}pF °° 00 @0 o 90 2 ___J
Time of flight spectrum of the = 2 4;‘,“ =5
whole measurement; g o % @ © / 0%y o
o - counts per time of flight 10 b / o -
channel over the .'.)L
threshold B,; v
X = counts per %mc of flight A I L
channel for the allowable 0 10 2 0 40 50 60
proton recoil energy range CHANNEL NUMBER, TIME OF FLIGHT
(B,< B, < E;*); , 15 20 30 40 60100200 o
--= = background line NEUTRON ENERGY (MEV)

(ses toxt).
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F0Mev)
o
1]

Pig. 5 0 I i A [ S U GRS W |
Sensibility function F(E) via 0 100 20
neutron energy (see text) NEUTRON ENERGY (MEV)

The adequate neutron yield amounts to (6 z '9)-10'7 for the stated neutron
energy range. However, this small effect is orobably caused by the evidence
of highest-energetically normal fission neutrons.

DISCUSSION

In the presented experiment no neutrons with abnormal high energies, which
could allow the conclusion of the real existence of a fission process with an
excessive energy release, were detected. The main restrainta to the
gsensibility of the experiment are caused by the residuel background (Pig. 3)
and the limitation of the fission event rate, i.e. the intensity.

The used exverimental arrangement is especially suitable for the spectroscony
of neutrons in the high-energetic range at low intensities.

The authors whish to thank S. Sassonov, T. Schweitzer and S. Unholzer for
their assistance during the experiment and helpful discussions.
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A METHOD FOR THE ABSO; 1 MEASKJREMENT OF FISSION CROSS SECTIONS AT NEUTRON
ENERGIES OF ABOUT 8.5 K

R, Arlt, M, Josch, G, Wkslol, M.-G, Ortlepp, R, Teichner, W. Wagner

Technical University ;rsQep, Section of Fhysics, DDR - 8027 Dresden

I.D. Alkhazov, L.V, Uy nechinsry, O.I, Kostocbkin, S.S, Kovalenko, V.I. Shpakov
Kblopin -~ Rediuminstiyzie Lenimgrad, USSR

The precise knowledSt (r Qjucleamr constants is of particular importance in re-
actor calculations. luats® yreseit situation of nuclear energetics accuracies
ot about 1 - 2 % art mguired fox the fission cross-sections (£, c.-s8.) ot
most of the fuel isOtcsps ina wide epergy range/1/. Especially at higher ener-
gies effectual in faN; ireedirs the necessary accuracies yet are not obtained
/2/.

In addition to relatiym seasiresents of the f, ¢.-s. by use of "white neutron
souces™ /3/ absoluté  ansurenemts with high precision give the possibility of
accurate normalizatiouaof tbs fission cross-section shape to the absolute va-
lue., Alternatively t4 ppNumments performed with a "black neutron detector"/4/
tor an absolute monitemipg of tbe neutrom flux the time correlated associated
particle method (TCARGI) pg been enployed for the measurement of absolute

f. c.~s. at apot-poiv wergies favorably choosen on the high energy plateaus
or the t, c.-s. /5,6,

Recently at the TU Ddymipny the ICAFM was applied in f, c¢.-s, measurements on
the nuclides 255!1, 3@0, E'57Rp snd 239Pu at a neutron energy of (14.70%0.15)MeY,
where this method at yosent tise is well established /8/., In Tab, 1 our results
are compared with thy (& of other groups also using the TCAPM, The values of
the f, c.-8, agres Wyiip the given standard deviations, exept for 23%uy where
a discrepancy of 1 4.5 cas be observed,

Tab, 1 ¢ Absolute {dinion cross—sections at a neutron energy of 14,7 MeV

TN
Nuclide | Technical Wiversity | Radiumimstitute Centre 4 Etudes de
Dresden /+7,3/ Leningrad /9/ Bruyéres-le-Chatel

14,6 MeV /10/

—
2%y | (2.085 % 0023) vam | (2,09
238y (1.166 * ¢2021) da1n | (1.178
2378p | (2.226 % 0024 ) batn | (2,292

23%u | (2.39% * 2e) bam | (2.505
=N

The TCAPM at other _&a!gtggg ¢he rgies
The extention of tbeé ~Kt/PM to other neutron energies is conected with the tol-
lowing principal prob-Ams :
i) establishment o4 g0 appr-opriate intense sourceof monoensergetic neutrons
using e.g. the @m)l known reactions T(d,n)“ﬁe or D(d,n)BHe.
ii) arrangement of £ geometrical and experimental conditions,that the
agsociated cbirnd particles (a, p.) are detectable, According to the de-

(£ J

0.034) barn}|(2.063 £ 0.039) barn
0.024) barn|(1.149  0,025) barn
0.,044) barn
0,045) barn|(2.290 £ 0,052) barn

1+ 1+

1+
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fined kinematics of the source reactions the neutron energy and its
spread than is given.

iii) development of a detecting system for the a, p. which allowes timing and
accurate counting ot the a, p. in the presence of an intense background
of nonassociated charged particles and gamma-rays.

Special measuring systems were developed at the TU Dresden applying the TCAPM
at neutron energies ot 2.6 MeV /11/ and 8.2 eV. Accuracies of the measured
f. c.-s. of about 2 % have been obtained or could be expected /7/,

The TCAFM at a neutron ene of 8,2 MeV

To produce an 8.2 YeV neutron beamr a similar system to that of Schuster /12/
and Bartle et al. /13/ has been built up at the 5-MV-Tandem-generator of the
CINR Rossendorf (G.D.R.).

A scheme of the experimental
set-up is shown in fig. 1. The
9 eV deuteron beam hits a rota-
ting tarcet foil of deuterated
polyethylen. The associated 3‘He-
rmape  particles from the reaction
D(d,n)BHe were detected at an

AL ATE
PHSE FISSION
CHAMLER

-
F o

CEUTERCN BE &M COLLE- | \: - o
v AMHQA%; 3 ) angle -3.3}!8 = 42 °, The a., p.
' : / diaphragma defines an associated
ROTATING pneutron cone. Fission events from

(€0, 1" - tARGET FORL

N
/ de  rife 235y_sarget layers were re-
) / gistrated in a multiplate pulse

G+ _”:i":n
souD STarE %, - 0ETECTOR trission chamber,
TELESCOPE As it is illustrated in rig. 2
~ig. 1: Principle of the f., c¢.-s, measure- the a, pP. 5He are covered by

ment at a neutron energy of 8.2 eV  alpha-groups irom the competitive
reaction 120(d,q')10B. A rather

- €y 00w, 01 A high peak 01 scattered deuterons
- ¢ op PO M0ppicmt is located at about 80 keV,
Sethu 40 m Therefore the discrimination of
™ 3,'. Y4 3H
% ﬂ the “He was realized by use of a

| telescope of two Ji-surface-bar-
rier detectors/14/, The single
| spectra of the telescope detec~
’! tors are stown in fig, 3. The
amount of alpha-background is

"
P oL e
e |}y
L'\N [ i shown in the single spectra of
W\\/\l fig. 4,which have been measured
b
- » » [
CHANNELS

replacing the deuterated foil by
a usual polyethylen foil of com-
parable thickness.

rig, 2: Jpectrum of charged particles at a
the a, p, angle 5 = 42 °, The ~/dx-% -particle identifica-
e

tion is illustrated in the two-
dimensional map of fig, S, A zood separation of the 5He was obtained by optimi-
zing the parameters of the telescope, The marked thresholds for 5He-counting
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Fig. 4: Single spectra ot the telescope
detectors using a {CH,)"-foil

Fig. 5: Twodimensional piecture of the
particle identification

were set by a discriminaeting cir-
cuit/14/, The amount of alpha-
events within this 5He-iindow
runs typically to 1 ~ 3 %,

The real distribution of neutron
intensity inside the cone defines
the geometrical conditions ror
the tission chamber/15/, Thereto-
re a precise scanning of the to-~
pography of the neutron cone was
carried out to fulfil tne main
condition or the TCAI'M, that all
neutrons or the cone must be able
to nit tne tission targets,

"The distribution, shown in fig. 8,

has been measured by use .of a
small Stilben-scintillation coun-
ter applying n-&--discrimination.
The coincidence spectra between
thne 3He and the neutrons were cor-
rected for the time uncorrelated
background, which limited tne ac-
curacy at a level ot 1 : 1000,

In a first measurement the small
solid ancle of the telescope of
0,2 msrad allowed at O.B/uA beam
current and foil thicknesses of
abous 1 mg/cm2 3He-rates of 250~
450 per second.

The experiment was coupled on-line
on a KRS 4200 mipicomputer via a
CAMAC-branch /16/,

The experimental value of the fis-
sion cross-gection has been correc-
ted tor random coincidences, the
etticiency ot the fission chamber,
alpha-background within the e~
window and neutron scattering in
wall materials and target backing,
The corrections were listed in
Tab. 2. They are relatively small
80 that it seems to be possible

to measure f,c,~-s, with an accu-
racy of about 2 % applying tne
TCAPM in this energy region,

In a first run the fission cross-
section of 25>U could be measured
with a statistical error of 5.6 %.
A preliminary value of
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(1.74 ¥ 0,11) barn has been obtained/7/. Further improvements of the system to
reach a higher neutron flux are in progress.
Tab. 2: Corrections and uncertainties or

N NEUTRON CONE the measured tission cross-section
Oldn’He  Ey = 9MeV
o corr./% uncert./%
weighing of the fis-
ﬂg sion layers 0.9
3 effective inhomogenity 1.14
nz* efficiency of the fis-
E sion chamber +5.5 1.41
! heutron scattering  +0.23 0.4
ol eometrical certainty 0.5
alpha-background +2.1 0.5
Ehcertainty connected with TCATM 2.1 %
n Istatistical error 5.6
Fig. 6: Neutron intensity distri-~ prandom coincidences -7 2
bution in the cone
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COMPUTERISATION OP THE v-SPECTROMETRIC METHOD POR PISSION YIELD MEASUREMENT
BASED ON GAMANAL PROGRAM"

S. Nagy, P. Raics and S. Darbczy
Institute of Experimental Physics, Kossuth University, Debrecen, Hungary
K. Erdei and I. Répolti
Computer Center, Kossuth University, Debrecen, Hungary

The principles and applicability of a system of programs capable for the routine
evaluation of experimental data in the direct v-spectrometric measurement of fis-
sion product yields is described. The main programs in the system are modified
versions of GAMANAL (for automatic evaluation of vy-spectra) and CLSQ (for the
flexible analysis of decay curves), supported by additional programs for the ef-
ficient data handling.

Introduction

The measurement of the fission product yields means practically the quantitative
analysis of a very complex radioactive source which is produced by the irradiation
of a fissioning sample. The excellent resolution of the Ge(Li) detectors made it
possible to do this nondestructively, using the gross v-spectra of the unsepa-
rated sample. If absolute yields (or partial fission cross sections) are deter-
mined directly by v-spectrometric investigation of the given fissioning sample it-
self (avoiding any comparisons to the spectra of other fissioning samples), the
procedure is referred as direct y-spectrometric methodl). In this procedure the
v-lines of fission products are identified by their half-lives in addition to
their energies, as well as che unresolved multiple peaks are resolved by the in-
vestigation of decay curves of the peaks in the spectra. In order to have enough
experimental points at any time region to the analysis of the mostly complex de-
cay curves {according to the various half-lives of the fission products to be mea-
sured) the evaluation of numerous (30-60) vy-spectra is nceded following a single
irradiationz). The complete exploitation of the simplicity of this method demands
the computerisation of the vy-spectrum evaluation procedure including the analysis
of the decay curves.

one of the authors, participating in a program for the measurement of the 2380
fission yields at different neutron energies by both the radiochemical and vy-spec-
trometric method in the Arqonne National Laboratory3), had the opportunity to use
existing computer programs to the above described purposes. Later these programs
were adapted to the ES 1030 computer and significantly modified, to get a chain of
compatible programs suitable for routine application in yv-spectrometric fission
yield measurements. The principles and the applicability of this system in its
present status is described below, while for details of the method itself the re-
view of Daroczy et al.l) at the previous symposium in Gaussiq is referred.

General organisation of the system

According to the two major functions in the evaluation procedure, the tystem is
organized around two main programs: the GAMANAL, which automatically evaluates the
complex y-srectra supplying the energies and activities of the y-peaks; and the
CLS(, which fits the (complex) decay curves supplying the activities of the single
resolved v-lines with given half-lives at the time of the end of irradiation. The
scheme of the system and the flow of data is shown in the figure,

The run of GAMANAL is preceded by a few "preparatory” programs, They convert the
spectra, originating from various spectrometer systems and thus existing on dAif-
ferent media and in different formats, into standard format on magnetic tape while
adding a parameter set to them which characterizes the spectrum (indentification
of the sample, irradiation, spectrum, geometry of the counting, time of the end of
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irradiation and start of counting, real- and live-time of counting, random pile-up
correction - if they are known before the evaluation of the spectrum - etc.) and
is taken from input data cards. In addition to this main function, these programs
can do corrections on spectra, e¢.9. for overrlow automatically and for dropped
channels according to input data cards as well as some rearrangement of the spec-
tra using two input and one ocutput magne.ic tape.

The program GAMANAL runs under the control cf “control cards” and, according to
them, takes some input parameters (e.g. efficiency, shape and energy calibration
function, identification of peaks for shape - or energy - calibration, etc.) from
cards and the v-spectra from magnetic tape in the above mentioned standard format.
It evaluates even the very complex spectra auvtomatically (without any preceding
information on the peaks in it). The output "peak lists” are supplied both on mag-
netic tape (accompanied by the characteristic time parameters) and in a little
more detailed format on lineprinter. More details on GAMANAL see below.

A program named ISOTOPE is inserted between the GAMANAL and CLSQ to prepare in-
put data sets to the latter on magnetic tape, from the magnetic tape outputs of
the former, selecting a v-line of a given energy from successive spectra following
an irradiation (separate program is available to merge “peak list” tapes of inde-
pendent GAMANAL runs). The cooling times are calculated from characterisic time
data, while the corrected (for the dead time and random pile~up losses) peak areas
from the corrected activities supplied by the GAMANAL and the real time of counting
(its role see below at the description of CLSN). The energies for the selection ac-
companied by the half-lives of components to be fitted by CLSQ are taken from card
input. The preparation of this information is not automatised yet and needs good
catalogues of v-ray energies and intensities (of fission products)” as well as
lots of informations on the v-line interferences, accumulated through the years
devoted to the evaluation of fission product spectra.

The GAMANAL program

The computer proqram for the automatic
evaluation of very complex y-spectra, named
GAMANAL, was developed in the Lawrence Liv-
ermore Lab. by R.Gunnink and J.B.Mdays).

A reduced (without graphical output and iso-
tope identification options) and modified
version was adapted to the IBM 370/195 com-~
puter by SB.Kaufman at the Argonne Nat. Lab.
This version was adapted to the ES 1030 in
Debrecen by slight modifications mainly in
the input and output routines,

The most important feature of this program
is the way how the continuous background of
the v-spectra is handled, In most y-spectrum
fitting programs the background in a peak
grouping, which is fitted at the same time,
is described dy the quite arbitrary func-
tion of polinomial (usually linear or qua-
dratic) and is fitted together with the
peaks. The result of this treatment is that
the fitted background under a wide, complex
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peak group can deviate from the realistic shape quite strongly, disturbing heavily
the peak areac. In contrast wi*h the procedure above, in the GAMANAL program a less
arbitrary curve is used for the background, based on the regions between peaks
{nonpeak regions) and interpolated beneath a peak with a smoothed step function
taking into account both the hight and the slope of the background outside the
peak region. The peak regions are distinguishad from the nonpeak regions by a suc-
cessive multiple smoothing, comparison, substitution procedure proposed in Refs).
This background is substracted from the entire spectrum resulting a net spectrum
differing significantly from zero in the peak regions only.

The peak regions are fitted by an iterative procedure with the following "tail-
ing Gaussian” function to each peak in the region:

2 2
yi=y°_ea(xi %o + AyoeB(xi xo)il—eC(xi xo) ]5
where §=1 for (xi-x3<0 and $=0 for (xi-xo)>0; Yy the net counts in channel X
Xq and Yo? the position and hight of the peak; while the remaining ones are the
"shape parameters” of the peaks, namely u=-1/202: the width of the peak; A, B and
C: parameters describing the tailing function. It was found that the shape para-
meters B and C are constant for each peak in a spectrum while the energy depend-
ence of the others can be described as follows:
[(FWHM)2-0.46]°(GAIN)2=SI+SZ-E and 1nA=S3+S4-E

where FWHM=2.355¢; 0.46:the Sheppard’ s correction: E:the peak energy. The six shape
rarameters (S1-S4, B,C) are characteristic to a spectrometer system at least at a
given counting rate reqion and ¢an be determined from single peaks of good statis-
tics. Later they are used as input parameters at the fit of complex peak regions.

The prciram has options for outer and inner energy calibration by polynomial
functicn, input of efficiency data for activity calculations and the determination
of the product of dead-time and random pile-up corrections from a pulser peak in
the spectrum. At the fit of shape parameters the printout contains the valuas of
parameters in every step of iteration and a channel by channel list of the peak
and the residuals, while at the evaluation of spectra this is an option only, as it
is the list of the background and the "net spectrum”, and the standard printout is
a detailed peak list. Some special options of changing different criteria at the
background determination and the fit procedures allow some control on the program
(forcing to find very small peaks, resolving very close multipletts, etc.).

The CLSQ program

The program for the flexible analysis of complex decay curves, named CLSQ, was
developed by J.B. Cumming in the Brookhaven Nat. Lab. and wvas used by S.B. Kaufman
in the ANL. These versions of the program were to handle the experimental informa-
tion on decay curve as points using the average activity at the midpoint time of
the measurement,. This leads to distortions if the time of a single =<ounting is not
short enough compared to the decay half-lives, which frequently occurs in the case
of fission product spectra, since many products having very different half-lives
should measure simultaneously, This problem was eliminated by the method applied
in Debrecen long time ago using the integral number of emitted y-quanta during the
counting period instead of activity, describing +*hem by the following formu1a7)=

K A -at,  -A (t, + At,)
Ny= L sXfe ¥1.e k! i
k=1 "k

where "i’ the number ¢’ v-quanta in the i-th point of decay curve calculated from
the corrected (dead-time and pile-up) activity supplied by the GAMANAT, multiplied
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: its cooling time; K: the number of

K2 the decay constant and the activity at
zero cooling time (at the and of irradiation) of the k-th component. In our modi-
fication the program prints out, in addition to the parameters determined and their
errors as well as the list of fitted points and residuals, the correlation coeffi-

by the real time of the counting (Ati): t,

components in the decay curve; Ay and A

cients of parameters, which are needed at error calculation of indeyandent vields.

In the case of fission yield determinations the fits are done by fixed haif-lives
resulting more accurate determination of the initial activities while the program
can fit the half-life of any component too by an iterative procedure. Further op-
tions of the program allow the substraction of constant or peint by point changing
background, known decaying components (decaying backaround), automatic rejection
of points with too high residuals, dead-time correction, etc.

Application, acknowledgments

Currently this system is in use for fission yield determinations from the mea-
surements made to determine the 238U(n,Zn) excitation functiona). It seems to be
flexible enough to be amplicable in the case of the vecry complex spectra at the
direct v-spectrometric fission vield measurement, but can be cperated efficiently
enough to make possible the routine evaluation of the enormous amount of experi-
mental information received at the apnlication of this method for systematical in-
vestigations, like the one mentioned above. The most time consuming part of the
system, the GAMANAL needs 5-10 minutes of computer time on the ES 1030 for a 4096
channel srectrum,

The system could be useful at any exneriment concerned with the analysis of
complex radioactive sources, e.a. the activation analysis of complex samples or
the measurement of the product yields from heavy-ion-induced nuclear reactionsg).

The authors, especially the one who aot acquainted with the computer prcqrams
in his possession at ANL, are very much obliged to Sheldon B. Kaufman for the
nroorams supplied and for his expert advices in their use. We are also indebted
to P, Jékel who paid smecial attention to our work in the Computer Center, to
L. Sipos and B. Bird for their effort to handle incompatible magnetic tapes and
for the entire staff of the center for their reliable work. The cooperation of
I, Juhasz and K. Sailer in the early part of adaptation work is acknowledged.
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NUCLEAR IMTA EEEDS AND RELATED ACTIVI?IES OF TEE IARA NUCLEAR DATA SECTICE

JoJ. Schmidt
Baclear Data Section, Intermstiomal Atomic Emergy Agwmcy, Viemma

Abetract

This paper gives an overview of part of the contained in the sost receat edition of the
World Request List for Buclear Data (WEEMDA 79,00) for charged particle, y-ray snd meutroa muclear
data needed in selected areas such as the mclear fission fuwel cycle, mclear fusion, mclear
saterials safegusnis, radiation damage and rediotherapy. Sewe of the activities of the IAEA
Buclear Data Section related to these requiremects are briefly discuseed.

l, Introductiom

This report is not meant to give a complets overview of currest maclear data meeds, ut to presest
and discuss a few of the more recent miclear data requiremsmis for purposes other them fissioa
reactor core design and to memtion some of the activities of the IAEA Baclear Data Section re-
lated to these requiremsnts, Since the next speaker in this meeting will cover the area of
nuclear data needs for fission reactors, I have chosen to spesk shout selected current maciear
data requiresents for areas suct as the muclear fissiom fusl cycle, miclear fusion, maclear
saterials safeguards, raciation demage and rediotheraspy. Under mucleer dats we will, as umzally,
understand the numerical results of any scientific investigation of the muclear properties of
matter, with a subdivision in the three categories of muclear structurs, decay amd reaction dats.
The energy raage, over which muclear reaction data are neesded, extends today from thermsl (for
neatrons) to about 50 MeV (for neutrons amd cbarged particles), covering the typical spectra of
existing thermal and fast reactors and of plammed fusion reactors, and higher emergy specira used
for purposas such as radiation damage investigations for fusion reectors or cancer therapy. is
basis for our discussion we choose the 1979/80 editicn of the World Request List for Buclear Dets,
WRENDA T9/80.

2. WRENDA 79(&

WRENDA 79/80, which bas just been published [1], is the sixth editiom of the World Request List
for nuclear dats ssasurements asd evaluations, It is being published by the IAEA Nuclesr Data
Section on behalf of the National Nuclear Data Center (JMMDC) of tbe Brookhavem Natiomal Ladorstory
in the USA, the Nuclear Energy Agency Dsta Dank (NEA-DB) at Saclay im Framce, the Cemtr po
Yadernys Dannys (JD « Buclear Data Sentre) at Obminsk in tbe USSR and the Miclear Dsta Sectiom
(NDS) of the IARA in Vienna, The WRENDA publication is produced fros a computer file of muclear
data requests which is maintained by IARA/NDS, The input to this file is provided predosinamtly
by national muclear dats committess through these four muclear data centres, 15 differemt IABA
Nember States and cne intermational orgmmisation have comtributed requests to WRENDA 79/80.

WRENDA is being used as a guide to experimmtalists, applied muclear theoreticimms, evaluators
and sdministrators for the plaming of muclear dats programmes, The msjor WREEDA request arves
are fission and fusion reactors and associsted fuel cycles, aad muclear msterials safeguards., 1Ia
the 1979/80 issue, deviating from previous issues, in which requests for these three aress were
listed separately, requests have been cesbined into a single umified list in order to allow the
user, particularly the potential generstor of the requests2 data, an easier idemtification of all
requests for the sams saterial aad quantity, The status of requested stamdard reference and
other data of cywoial importance are under contimmous reviev by the Istermationsl Buclear Deta
Comaittee (INDC) and the Buclear Inergy Ageacy Fuclesr Dats Committee (NRANDC).
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A typical request is the fellowing (request me. 35 im WECHRA 79/80):
Pequosted @aamtity: 3 LITEBE 6 (B, TRINON) ALPEA

Eeergy: 1KV =3 IV

Aswurecy: 1%

Prierity: 1

Country: USA

Beguester: C.E. Till, Arg."me Batieral Leberstery ¢
P.3. Besmig, US Departmaat of Beergy

Commanmts: Ascurecy of 3 £ useful; emergy reselution smet regreduce
tras shape.

Justificatiom: Por use as s standard,

WIENDA 79/80 ceataias altegether 1780 of mch reguasts. The fellowing tshle gives a hreskiesm
of the \WIENIA T9/80 requests imte the majer spplicatien aresas in compariesa te the previews
olition VNEENA T6/TT.

Application ares wAEERA T6/T7 . 79/50
Pission 1194 1210
Pasien 32 449
Safeguaris 150 121
Total 1612 1780

The oculy resal chaage in the mmber of requests is seen to be in the field of mucleer fusion,
i.s. an imcreese Wy more tham 100 requests, reflecting the iscressing interest in fusiom as the
meclear ensrgy source altersstive to fissien, The request turmover from the previous editiom,
howswer, is rather considerable: from WAENDA 76/T7 465 requests were vithirmm aad 437 requests
mdified; 573 reguests, i.e. ronghly ome third, are new,

In the published list the requests for the same ¢lemwnt/isotope and uamtity (isoquemt) are
cospressed ia Blocks which comtain from ome up to 2 mIises mmber of 18 differwmt reguests
(—mcqmmumnofwh. WAEIBA 79/80 comtsine 900 reqwest blocks correspomding
to 900 differemt isoquamts. On the average there are sbout two reguests per isdividsal isoguant.
The following table gives a statistical MWeakidown of the isoguamts iato amjor data types (R =

fission reactors, P o fusion, $ » safeguaris, B = emergy deposition calculations for radiotherapy)

Data type mo. of isoguamts % | Wajor spplicatiom ares
Beutrom resctions 814 9.4 | R, P, E
Charged particle muclear reactions 26 29,0, 8
yeray yields 22 2,4 | S
y-resction dsta 15 L,7]8
spontamecus fission data 5 0.6| S, R
helf lives 12 1.3 | s,
decay hest 6 0.7} 8
Total 900 100,0
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Nost of the requests apparently siill pertain to neutron data wvith fission and fusion reactors
as major application areas. In the following we will briefly review the requests for "mon-
neutron® data,and for neutron data pumtimsmt to fusion. In a few examples it will alsq de

shown that,

3.

in spite of the large number of isoquants requested, neither all important appli-
cation areas are as yet covered by WHENDA nor do all isoquants appear, which could
bave been expected to be entered into WEENDA for R, F and S applications,

in spite of the fairly careful review of the previcus ¥RENDA requests, a number of
requests should not have appeared in WRENDA, becsuse they are actually fulfilled
and the requested data are available from the muclear data centires,

"Hon-neutron” data requests

l.1.

Charged particle nuclear reacticn data

Charged particle nmuclear reaction data are requested for a variety of purposes, such as
fission reactor fuel cycles, fusicn and safeguards, There are important biomedical
applications, which are not covered in WRENDA 79/80.

(i) Pission reactor fuel cycle

(ii)

(ayn)=reactions initiated by a~particles emitted in a~decay of actinide nmuclei
present an actual (or potential) neutron source during all stages of the fission
reactor fuel cycle from those elements or isotopes which have an (a,n)=threshold
below the highest emitted m~energies, Requests appear in WRENDA 79/80 for
elements/isotopes: OLi, B, 13¢, ‘4§, o, 11918, Yp, ¥g, si;
(A ¥ 40 is about the upper limit, since the {(x,n)=
threshold becomes too high);
a~energies: ~ 100 KeV = 7 MeV (or 10 MeV);
requested accuracys 20=30 %
priority: mostly 2
purposes: fuel reprocessing;
neutron ehielding during fuel transport and evaluation of
neutron source strengths;
estimation of meutron output of solidified nuclear waste
contaihing actinides.

"Conventional®=fuel fusion devices

The basic reaction for the pressnt "conventional® magnetic confinement fusion de-—
vices such as tokameks is the T(d,n)u~reaction. This reaction is well imown at all
practically important energies sxcept belcw 10 KeV, Since these lower energies are
importsnt in the fusion ignition phase, measurements are requested there with high
priority and 10 % relative accuraocy.

In a plasma containing deuterous and iritons, slso (T,7) and (D,D) reactions will
occur, though less frequently as (T,D) reactions. The cross sections for these
resctions are less well Ioown than those for the (T,D)=-resstion, nevertheless
there is only ome request for the T(t,2n)=reaction for smergies below 10 KeV, with
high priority and 10 % accuracy. for the purpose of anslysing background neutrons
apd estimating tritium ion tempe ~atures,
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The s-particles resulting from the T(d,n)x reaction can undergo elastic scattering
on the plasms deuterons and tritons and thus contribuie to plassa heating: the
cross sections for these reactions are requested for emergies up to 2 NeV, with
high priority and 10 % accuracy, to calculate the asscciated plasma fuel heating.

One special lower priority 10 $ accuracy request, illustrating the extent to which
mclear data are needed in miclear energy design, is concerned with the 160(7,1:)18?
reaction for triton energies below 12 NMeV. This reaction nseds to be known for a
precise estimation of Li o burmup in fusion reactor blankets and the evaluation of
the build-up of 18 .to-l from the p decay of 18? produced in the above reaction.

"Advanced®=fusl fusion devices

These devices are based on fumion reactions between light muclei with nmo (or much
less than in “conventiomal®-fuel devices) pentron production. The sdvaniage of
sach fuel is less induced radioactivity, the disadvantage the need for much higher
temperatures, at which tbe reactions become significant, than in (D,T) fusion
reactors,

Only for illustration purposes we quote below an example of a fusion chain reaction
which involves only charged particles:

p+61-i —»3Ka+c+ 4.0 NeV
3Ho+ d — p +a+ 18.4 KeV

Net reaction: d+ 61.1 —> 20 + 22,4 MeV

fuel ash energy gain

p and 3!0 act as chain carriers.
In WREIDA 79/80 prisrity 1, 10 % accuracy requests are found for different
reactions such as:

6"1 (Jn.rP)

Su1 (Suss ny py 4y 7y e, @ nxy pa)

Y5 (pyn); B (ayn) ant 1B (a,p)

alvays for incideat particle energies of 500 KeV = 2 NeV,

(iv) Safeguards

For non=destructive miclear materials safeguards thick target neutron yields from
(ayn)=reactions with the following elements or isotopes are requested:

61'10 93.0 Cy Oy 19’0 X, 21“0 Ca
energys 100 KeV = 6.5 NeV

scouracys 3 % (relative); 6 % (absolute)
a=energy resolution: 100 KeV

prioritys 2
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(v) Momsdical application
As an exasple of charged particle amd also neutrom puclear data requiremsats not

contained in VEENDA we quote & typical biomedical applicatiom, i.e. camosr therepy
by neutroa irrediation of the afflioted tissus, As oms commom cyclotron neutrom
source the resction JBe (8yn) is used, Por this resction the deuterce emergy
dependence of its croes section and the amgular and ensrgy distritution of the
enitted neutrons need to be kmowm for deuteron emergies up to about 50 NMeV. Them,
as a funciion of neutron emergy, cross sectioms for all reactioms occurring in the
cergy rage 15=50 NeV are needsd as well as secondary amgular and energy dis-
tritutioms for the neutiron-producing reactions for the major constituents of the
human body Hy C, N, Op P and Ca. Partioularly the neutron data are still largely
lacking.

Je2. Cemme-Tay dats
(1) yrug yielas
A1l requests for y=ray yields contained in WRENDA 79/80 pertain to non=destructive
safeguards measurement techniques. Requested are

= y=ray yields per a=disintegration for well-defined y=rays for the assay
of Pu=isotopes by y=spectirometry for
isotopess 238, 239, 240, Al
y=snergies: ~ 45 KeV to ~ 650 Kev
acouracy:s 1 % (1) (for Ulp,; 5 %)
priority: 1;
= Yy=ray yields per disintegration of individual fission products for well-
defined y-rays for burmup calculations from non-destructive measurements for
fission productss 103m, 1%6m, 1B, 134g,, 1401, 144, 144,
155g,
y=energiess ~ 100 KeV to ~ 2,2 NeV
sccuracy: 1 % (1)
prioritys 2 (1 for u‘?r);
= y=-ray yields per disintegration of individual fission products for detection
of fuel failure for well-defined major y~rays for
fission products: C1088p, Fpr, 135, 137, 138, 139; 139y,
y=energies: ~ 100 KeV t0 ~1 NeV

accuracys 10 4
priority: 3.

Obviously the first two groups of high accuracy y=ray yield requests are not yet
fulfilled,

(11) y-ray ouclear reaction dats
All WRENDA 79/80 requests for y-ray muclear resction dats pertain to pbotomiclear
assay of Pu and other fissionable isotopes. Two groups of requests can be discerneds

= In the first group, for the photomuclear assay of Pu, cross seotioms for
the (y, total neutron yield) and (yefission) resctions and the associsted
fission product mass yield aspectrs are requested for 238’2411\1 and 2“‘-
for y-snergies up to 10 MeV, 10 4 sccuracy and priority 2.
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= In the other growp, for Nremsstirehlung ~ photemnclear assay of msclear
materials the total fissien yiclds prednced Wy the Rrussstrahlung sad the
cummlative yields of Migh-Cission-gicld isotepes are roquested for
23000y oy VHINUNUL,, 1y gectre covering p~emergies detwes §
aad 14 MoV, with 5=00 £ soourecy aad priority 3,

3:3+ Spomtamseus fissica dsts
(1) Por spontancous fissicn (&F) ssasuremnts of plutonius in mom-destrective eafeguaris
S,s-wrnz"'w'whu-mocm-mvz.

(13) For the D%ct -y stemdard UNEEM 79/80 comteins feur priority ) requests with
aocarecies Detween 025 and 0.3 $. The preswat situation as discussed Wy Smith [2]
i Spencer [3] at the recest Intermationsl Conferwsoe for Naclear Cross Sections
for Techmology at Xmoxville, USA, is summarised in the tadle delow} this tedle is
takm from the above referemces sad contains the availadle measured ¥y data in the
ourrent state of correctiom,

Eﬂ svintillator msasurenmts
Spemcer et al. (3,4] 3.7T%2 2 0,011
Boldeman [5] 3,755 L 0,016 Neighted Averages
Asplund-Eilseon ot al, [‘] 3T : 0.,04C 3. 7% 2 0,009
Bopkine asd Diven [7] 3.T17 £ 0,031

Seth ssasuremsmnts
Axton ot al, [8] 3.743 2 0,019
de Volpi and Porges [9] 3.741 £ 0.019
Bosorgmenesh [10] 3,744 £ 0,023 | Velshted Average:
Meksmdrov ot al, [11] 3,747 £ 0,03 | 370 20.011
White and Axton [12] 3,815 ¥ 0,040

Boron pile measuremsnt
Do¥e Colvin et al, [13] 3.739 X 0,006

The difference between the weighted averags values resulting fros the liquid
scintillator and sanganese bath msasuremnts respectively is 0.8 %, and it should
be noted, that, with the exception of the White—dxton value, the manganese bath
results are in excellent agreemmnt.

J.R, Smith discussed at the recent Knoxville Conference [2] a possible systemstic
erTor associated with all manganese bath msasurements, In determining the source
strongtih in thess measurements the thermal absorption crose section of sulfur aay
bave been assumed too low, im socordance with the old measurements by Pomerance
(14]e A re=snalysis of the Pomerance data and of the available total cross section
dats of sulfur in the therml energy range led Smith to the comclusion, that the
thermal absorption oross section of sulfur may be higher by 5 % or more, wnich
could account for as mch as 0,5 % of the 0.8 % difference between Mo bath and
liquid scintillator seasurements, In order to confirm this conclusicn, 3mith
recommends a remsasurement of the thermal surlfur absorption oross seciion to an

scouracy close to 1 %4,
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(iii) Spontaneous fission nsutron spectrum of 2520
Five requests in WHEN' i 79/80 pertain to this quantity. Spectral data are re—
quested with 5-10 £ accuracy at the low (< J.25 MeV) and high ( >5 MeV) energy
tails of the spectrum, and the average energy to 1-2 £ accuracy. This subject will
be extensively discussed at the forthcoming IAEA/IDS Consultants Meeting on Neutron
Source Properties to be held at Debrecen, Hungery, 17-21 Narch 1980. Pirst reaults
from IAEA/¥DS contract work performed at Leningrad for emergies between 10 KeV and
2 MeV reported in another paper to this Symposium [16] can be well described by a
smooth Maxwellian spectrum shape with a muclear temperature T = 1,42 NeV and

reveal definitely no structure in the low—energy tail of the spectrua,

Half life data

The following table summarizes the half life requests contained in WRENDA 79/80 and compares
the requested accuracier to those presently reached, in accordance with recent recommenda-
tions by the members of the IAEA/!DS Coordinated Research Programme on the Measurement and
Evaluation of Transactinium Isotope Decay Data [17].

Decay oouracy (4)

Isotope type requested reached [17] Priority Purpose
23, « 0.5 l.4 1 (a)
233y « 0.5 0,13 1 (a)
234y « 043 0429 1 (a)
€35y « 0ol 0,10 1 (a)
238 « 0.3 0.10 1 (a)
23y a 1.0 0047 1 (a)
238p, ® 1.0 2.7 2 (v)
239y &) 1.0 9.0 2 (v)
240p,, « 1.0 0430 1 (a)
240py P 1.0 440 2 (®)
2A2p, P 1.0 le1 2 (v)

(a) Verification of a=half lives required for the mass determination of fissionable
deposits;

(b) Detection of plutonium by spontansous fission measurements in non-desiructive safe-
guards,

The table shows that most of the a=decay half lives are known to better accuracies than the
ones requested, except for 232U. For spontaneous fission half lives the situation is just
the inverse: the accuracies reached are much lower than those requested, with the exception
of 242py uhere the requirement seems to be met, IAEA/EDS has communicated these facts to
the requestors concerned,

On the other side it is astonishing and illustrates the incompleteness of WRENDA to see
that one of the most urgently needed actinide halfwiives, i,s. that of 245\:, whose measured
values differ by several percent, does not show up in WRENDA,
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3.5. h“ﬂ heat data
Por the first time WRENDA ccatains requests for decay heat msasurements for the calorimetric
aszay of plutonium for safeguards purposes, for the Pu isotopes (238<A <242) and 24 am,
with an accuracy of 0.3 = 0.5 % and priority 1.

4, Neutrom cross section requests for fusion

We restrict our discussion to selected neutron data requests for fusion applications contained in
WHENDA 79/80. The requirements and status of miclear data for fusion were comprehensively re-

viewed at the recent IAEA Advisory Group Neeting on Muclear Data for Fusion Reactor Technology
held in Vienna in December 1978 [18],

(i) Blanket tritium breeding
6;i(n,tl)'l‘ and 7Li(nyn'a)T are the well-kmown muclear reactions to be used for tritium
breeding in fusion reactor blankets. For tritium breeding calculations ore Las not only
to lmow the cross sections for these two reactions, but also those for all competing re-

actions with 6‘(..i and 7!.:‘. over the energy range of fusion reactor nentroms. Ais a
consequence, in addition to the cross sections for the above two breeding reactions, cross
sections for no less than 27 competing neutron reactions with 6‘l.i and 7Li are requested,
e.ge (with O and E* meaning angle and energy of the emitted particles):

(nyn), (nen)(0)y (nyn*), (nyn*)(8), (nyn*)(8*),

(ny2n), (n,2n)(0), (n,2n)(E*), (n, neutron emission)(6,E*),
(n,p), (n,np), (n,nd), (nnf)'

(n, total photor production), (n, total proton production) and

(n, totai x—production),

for neutron energies up to 15«20 MeV, with accuracies of 10=20 4 and pricrity 1l=2, 1In the
table below we give a brief summary of a few mors prominent requests.

Isotope Quantity Energy Accuracy % Priority

614 (n,nd) up to 15-20 MeV | 10-20 12
(nya) 100 KeV = 15 MeV| 3-10 ~1

i (nyn)(0) 1-20 MeV ~10 ~1
(nen?)y (nyn*)(6) 0,520 NeV 10-20 ~1
(Dy neutron emission)(E',0) | 9=14 MeV 10 ~1
(pyn'x) 320 MeV 5m20 1

The current discrepancy of 25 % between the recent Harwell measuresents [19] and previous
measurements on 'Li (n,n'a) has not yet been resolved,

in sddition to the shove, for the calculation of helius sccumulation in Li-oxide blankets
160(n,¢) and 160(n.u) oross sections are requostsd with 15 % accuracy, for neutrom
wmergies up to 15 NeV, and with priority 2,
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(v)
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Coclant

is considered as a potential constitummt of PLi Be coolant. This explains requests for
(n,n)(6), (myn*), (my2n), (mya), (myp) and (m,a) cross sections for neutron emergies up to
15 NV, 10-20 £ accuracy and priority 2-3.

First wmall and structural msterials

Por the most important materials considered, i.e. Cr, Pe, Fi (as the most important
*classical™ stesl comstituents), but also Ti, V, No and ¥, (n,n°’), (n,2n), (nyp), (n,a),
(ny7) and (n, total y-prodmuction) cross sections are requested for meutron enargies up to
15 NeV, mostly with 10-15 § accuracy snd priority 2-3.

Radiation damage calculatiom

The following tahlo excerpted from table IB of referencs [18] illustrates the wide variety
of materials and material compounds for which radiation damage is to be calculated; more
common structural saterials are not included in this table.

Naterials
Naterial use Be | B|{C | N| O F A |Cu|G|P
Intermal first wall protection X X X X
Neutron mltipliers X ! ! X
Structural saterials HE? X
Xagnet conducting materials X P X{ Xi| X
Reflactors and moderators X X x | X
Shielding materiais X X X
Coolarts X X o X | X

Por the purpose of radiation damage calculations, for the structural materials appearing
under (1ii) and for JBe, 0113, ¢, 4y, 0, %, ZTa1, si, cu, b, Sa and Pd data for
the following quantities are requested:

(ny pproduction)(Ep, Op), (n, a-production)(Ey, O4),
(n, total p-production), (n, total a=production),

for neutron energiss between 9 and 14 MeV with accuracies of 10 £ and priority 2.

In response to the many WRENDA requests for fusion, but also fission reactor and other
purposes, entailing in particular the requirement for better 14 NeV cross section and
secondary particle distribution data, and in view of the potential of several developing
countries to contribuie to a cowoperative effort, IABA/NDS is planning s coordinated re-
search programne for the determination, i.e. measurement and calculation, of those 14 NeV
data which need isprovesent, particularly for the purposes of fusion. In this context the
conclusions and recommendations of the IAEA/NDS Pusion Nuclear Data Advisory Oroup Neeting
(18] will also be taken into account,

Requirements for the Pusion Naterials Irrsdiation Test Pacility

I would like to finish with a brief discussion of a group of completely new data requests
contained in WRENDA 79/80. The US Department of Energy has sulmitted s musber of new
neutron date requests related to the Pusion Naterials Irradistion Test Pacility (MMIT)
plamned to be built at the Hanford Engineering Developmsant Laboratory for the main purpose
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of investigating radiation damage through neutron reactions with fusion reactor materials.
The Li (d,n) reaction used to simulats the radiation damsge expected in fusion reactors
produces neutrons with energies up to 50 NeV, This requires an extension of the kmowledge
of neutron nmuclear data to equally high energies, In the following we group the WRENDA
requests concerning FIIT in tabular form according to different purpose.

Naterial damage calculations
Materials: Ti, V, Cr, Fe, Ni, Ou, > Nb, Sa
Quantities: (n,n)(0), (n, neutron emission)(E*,0)
(n, total p-production), (n, total a~production)
Energies: 15=35 MeV
Accuracy: 10 %

Priority: 1

PNIT Shield design

Materials: C, 0, S5i, Ca, Pe
Quantities: (n,total), (n,n)(6), (n,X)
Energies: 20=50 NeV

Accuracy: 10 %

Priority: 1

F)IT neutron dosimetry

Quantities: %Pe(nya), 220o(nj 2nj 3n; 4a), 2%Co(nyp),
By (n; 203 3m), PWilnyp)y CHilnyp),
9T pu(n, 205 3n; 4u; 5n)

Energies: threshold (or 1 MeV) = 40 MeV

Accuracy: 20 4

Priority: 1

These higher energy neutron data requests, together with biomedical muclear data require-
ments, present a new challenge to the community of miclear data measurers and
theoreticians,
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LUEPCE CF CIFFEPENT LEVEL DENSITY REPRESENTATICNS OM ACTINIDE NEUTROR
crres SECTINN CALCHLATICNS

~

S.V.hntsinov, V.F.Zenevich, A.E.Ylepatskii, V.A.Fons..in, E.Sh,Sukhovitsky

Heat and “ass Transfer Institute,®SSR Acadeny nf Sciences,/iinsk USSC"

ft present the Fermi-aas level densitv model is widely 4ysed in statistical thec-
rv calculations. “ecentlv, there havo anreared a numher of verks shouins thad

tte Cferri-nas level dansity rndel is rnct consictent with t¢ ricrosconiz *hagry
and sema axrerirontal data 11, "leneside tle riccrous and very tedicus ricrosco-
pic level density models 2,31, the statistical averacging metbods [4,5] are
alee develcored. The latter are rather sirnle, convenient for »ractical calcule-
Yicns aad dncernarate the Ffagic results of ths sicresconic theonry. Thece ngdl s
111n - for the existing skell inhomoaeneities in the <inale-narticle level spect-
rum and hoth for the surerconducting correlation and coherent collective effects.
Tn statistical calculaticns, the radiative <apture cross section, Tpy » PrOVes to
te most sensitive to the level density model adonted. ‘oreover, the calculation
cf tha ﬁny cross section of hLeavy fissile nucledi should take inte account the fig
sion competition and deformation of those nuclei. The latter fact involves a
suhstantial ckange in the level density due to & contribution of the rotational
tancds and a chance in neutron transmission coefficients caused by the direct ex-
citatior of the lowver collective states.

Pased on the sihultaneous calculation of all neutror 238U cross sections, - at
temct is mace in the present work to study the influence of different Tevel-den
sity models on the enerav derendence of the 7,, Crnss section, to analyze the
effect of the uncertainties in < 0 > and < ry>ohs cn o and to sutstan.iate a
cheice of the spectral factor.

The neutron transmission coefficients required for statistical calculations were
aredicted using the counled channel method [6] with the parameter., cf the non-sjhe-

rical notential carefully ontimized usino the exverimental data:

Vo= (45.37-0.4 E ) MeVv, r = 1.258 f, a = N.626 f

p = (2.95 4+ 0.4 € ) eV, r, = 1.26C f, a, = 0.530 f (1)
Voo = 7.5 Mev
8, = 0.216, 8, = 0.078.

This notential allows us to calculate, within exnerimental errors, the strength

functions S0 and S]; Ops Tgus and elastic and inelastic anqular neutron distritu-

et
tions up to £ = 5 eV, Thus, we can ccnsider that the neutron transmission coef-

ficients are calculated rather reliahly.

1. Level density models used for calculations and radiative capture transmissior
coefficients

The traditional fFermi-gas model gives the following expression for p(U,J):

2
2J + 1 (J+0.5
n (U,)) = exn[?/aiU-éi-————z—l—},
F.-G. 24/?0351/I(U-6)5/1 59
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o? « LataTiay ‘ (2)
]

where a is the main level density paramcter proportional to the single-particle
state density on the Ferm{ surface an? determined from the neutron rescnance den-
sity. The quantity iz is usually chosen hased on the gquasi-classical estimation
of (0.22 +0.25 Azla). and the value of § is {1dentical with the similar one in the
mass formula.
The shell effects in the Fermi-gas model are allowed for, by introducing into the
macs farmula [7], the excitation enerqyfdenendent parameter a and the shell cor-
raction &¥:

a = 3[1 4 F(U).8N/{U-8}),

(3)
f(U) = 1 - exn[-y{4-8)3

where ¥ and y are the parameters determiied in terms of systematics.
Yith the collective effects taken into account, formula (2) assumes the form:

B(UM) = Ky - KFyyp - Pp o (Us2) (4)

v

Th2 level density increase coefficients K

rot and Kv1b dye tn the rotational and
2 ’
g

virratfonal modes and the factor ,following the adiabatic estimatfon,are exp-

ressed as in [5,8]):

Krop = Fa- t o (5)
Kyip = exn(n.25 az,3t4,3), (6)
o2 = F2/3 g3 (7)

vhere F, and F, are the perpendicular and parallel inertia moment, resnectively;
t the excfted nucleus temperature.

The relatfons for the level density of the superfluid nucleus model were taken
from [5]. Unlike [5], 've used Kvib in the form of (6) and did not allow for the
enerqgy denendence of the parameter a which car be ignored at small &W.

The radiative canture transmission coefficients vere calculated by the cascade y-
~quantum emission theory [9], with the competition reactions (n,yn') and (nyf) be-
ing taken into account as in [19], The exnression for the radiative capture trans-
mission coefficients 13 of the form:

A g,
z?‘ =141
-y . ! AT
TgmE) = 27 g ; =iJ—1!p(E+Sn e J ) (Epe de (8)

J k 1 i

i

T

”ny zross sections are usually calculated using the snectral factor f(E,eY) efther

in *he Meisskopf form (f(E,ey)~53 ) or in the Lorentz form that follows from the
exnerimental data on photoabsorption cross sections:

4

snz e 1.0 5 4. Cig £y
) & - U )
f(E‘EY' T fc m_e-c"z_l(f) (CZ_EZ )2+(r Py )7 (9)
’ Yy 16 6Ty
The “eisstoof factor in many cases qgives satisfactory results for o but does not

ny
ensure the aareement with the experimental data for the eneray dependences of the



143

radiative strennth functions F11]. The use of the Lorertzian srectral factor {s
rore nhvsicelly grounded, but in this case, as has heen rentioned, for example,
in {12], the agreement bHetween the erperimertal ané calculated % becomes worse
and the calculated values of L prove to be substantially higher anainst the
exverimental ones.

®ince the radiative canture transwission coefficients depend on the level cdenst-
ty of 2 compound nucl.us, it may be assumed that this disaocreemant between theo-
ry and experiment is caused by the incorrectness of the Fermi-aas model. This
conclusior was made in [1] where 2380 anv calculations were performed up to 1
YeY (when fission comnetition was not allowed for) using the spherizal optical
neutron transmission coefficients.

2. Discussion

The 2380 neutron cross sections were calculated by Hauser-Feshbach's statis-
tical mocdel. The modified Hauser-Feshbach's model was used up to 1.3 MeY and al-
lor2d for the fluctuation effects of neutron widths and the correlation effects
of the elastic inlet and outlet channels [14]). Above 1.3 YeV, the calculations
uer: made using Tepel's formalism [15]. The scheme of the 2380 nucleus levels
vac taken from [1€]). The fission competition was allowed for in terms of the fis-
sior transmission coefficients in the form that takes into account their spin
de~ndence

J*I)Z
Teat = (23+'l)exp{--?o§-— 1T, n)

who o Tf vas determined Hv fittine the calculated fission cross section to the
exprrimenta) one.
The calcuiated cross sections for discrete level excitation in the energy range

un %0 2.0 ‘le¥ agree well with the experimental ones (Fig. 1).
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Thus, the chcizn paraseters of the statistical mcdel govern all neutrenm cross sec-

tions, except o“ . The calculated radtative capture cross section depends strong-

1y on the adopted leve) density model. This fact permits us to choose such & level

density model that ensures the.best agrerment between the calculated and experimen-
tal cross sections over a wide energy ramsge.

Onp.b
'Y ol
024 .m o
Manlove (1998
022 . 238
s Neana (1959 | Fi v
020 o Brode (103) ig. 2. Comparison of the [H o“
:l“i-ﬂﬂtl cross sectfons calculated by diffe-
0.i18 .M"""‘"‘."%? rent level density wadels and the

Lorentzian spectral factor with the
experimental ones: 1, Fermi-gqas mo-

uu[ ] del; 2, Fermi-gas model involving

0 the collective modes; 3, superfluid

g model involving the collective modes

0. (<D>°bs=24.8 e¥ [17], <rv>°bs=23.5
mevV (ENDF/B-1V))

004

o,

a5 w15 20 25 Ene

Fiqura 2 gives the comparison between the radiative capture 238U cross section,

predicted using the Lorentzian spectral factor and different level density mo-
d2is, and experimental o, in the enerqy range from 0.1 to 3 MeV where the non-
campound mechanism of the radiative captuyre can be neglected. This comparison
t11u,trates that the better agreement between theory and experiment in the

whole energy range is achieved when the fFermi-gas model involving the collective
modes is used. The use of the superfluid nucleus level density model leads to
the discrepancy tetween theory and experiment in the 1.2 - 3.0 HeV range,wiile
in the range up to 1.2 MeV the agreement is just the same as in the case of the
Fermi-gas model involving the collective modes. The greatest discrepancy hetween
theory and experiment {s observed when the traditional Fermi-gas model fis employ-
ed. The introduction of the energy dependence of the parameter 2 into the Fer-
mi-gas model does not substantially change the calculated Ony cross section.This
can be attributed to a relatively small valve of the shell corrections, &W, for
238U and 239U.

The use of the Weisskopf spectral factor does not lead to a better agreement bet-
Jeen th2 calculated and experimental anv cross sections than the one achieved
ysing the Lorentztan spectral factor and the Fermi-gas model involving the collec-
tive modes. Therefore, Searing in mind the greater physical significance of the
Lorentzian sprctral factor thai f21Vnws from the pnotoabsorption experfments and
the better agreement betweer the calculated and experimental data for the (n,yf)-
-reaction, it becomes advisable to use it in statistical theory calculations.

It should be noted that the unique chofce of a better level density model used
for %ny calculations may be substantially affected by the uncertafnties of such
guantities as <D>°bs and < rY>obs and by the values of the neutron transmission
coefficients (Fig. 3), although these uncertainties unable to explain this consi-
derable difference between the experimental and cal-ulated data obtained using



the traditional Fermi-gas mocel. Mote that our c2lculated 2333 7., dot2 qive evi-
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3. Conclusion

1. The use nf the non-snherical ontical potential, the torentzian spectral
factor and the Ferxi-gas Tevcl density model involving the collective modes ner-

mits the self-consistent calculation of all 233" cross sections, including “nv ’
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over a3 wide energy range.

2. The application of the traditional Fermi-gas model gives a considerable
disagreement between the calculated and experimental Opy CTOSS sections for boath
forms of the spectral factor which cannot be explained by the uncertiinties of
th2 parameters used.

3. It is necessary to adopt the non-spherical potential for calculations of
the neutron transmission coefficients used in the statistical model.

4. When calculating the radiative capture cross section, special attention
should be paid to a proper choice of < D >obs and < rY>obs which must be based on
the experimental data evaluation.

5. As compared to the Lorentzian factor, the use of the Weisskopf spectral

factor does not ensure better 238U onY cross section calculations.
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FIRST RESULTS IN EVALUATICN CF NEUTRCE KUCLEAR DATA PCr 5i

D. Hermsdorf, L. Neumann
Technische Universit#dt Dresden, Sektion Physik, DDR - 8027 Dresden

1, Introduction

At present the main activity of the nuclear data evaluation group of the TU
Dresden is focused on the evalmation of a complete file for Si including all
neutron induced reaction cross sections, angular distributions and emission
spectra for particles and - quanta up to 20 HeV neutron incidence energy. A
complete file has been envisazged regarding to the eminent practical importance
of 3i for reactor design, both in fusion and fission reactors, in radiation
shielding and solid state physics.

Such a comprehensive work has to be divided into subsequent steps in order to
retain the survey. Therefore only the first results can be reported on.

The contribution is aimed at

i comments on the reliability of recommended data files for 3i;

ii problems in application of reaction models for cross sectiors calculations;

iii interpretation of experimental data in the frare of different reaction
models.

2. Analysis of available nuclear data files for Ti

In order to substantiate the decision of créating a new evaluated data file
and to motivate the extensive and labourious work related to it, 211 available
data files have been investigated intensively. Up to now, in free international
exchange the compiled in table 1 files exist.

Abstracting from all details of an intercompericon of recommended data four

arguments for a new evaluation can be given

i there is no really independent evaluation later then 1973;

i1 recommended data strongly deviate in nearly all quantities riven in the
files (figs. 1 to 5 are examples choosen for demongtration):

1i1 recently most reliable exveriments have been carried out and arc available
via the FYFOR library which can be managed by the DAPRCC computer code
developped at the TU [7]. Atlso those maeaasurements nerformed by the nuclear
physics group of the TU should be involved [B,ﬂ;

iv in the author's opinion, a data file should not be a comnlete file only but
also as flexible a= possible arainst different purposes. 5o the most conve-
nient renresentation typefor every quantity hag to be looclked for and
should be preferred.

3. Models used for evaluation

In table 2 all models applied for nuclear data evaluation for 31i have been
compiled along with their ranges of validity and the reaction types which are
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calculable in the frame of them.

First of all, in ihe whole energy range considered here the optical model has
been applied to yield the optical potential well fitting all elastic scattering
data. Basing on these parameters (or the related transmission coefficients
respectively) the treatment of the compound - elastic scattering and the exei-
tation of discrete levels in 285i and the corresponding residual nuclei ?851

and stg by the Hauser - Feshbach - formalism has been performed by use of the
code ELISA DO] which is a modified version of the well - known Japanese co-de
ELIESE-2. The Z1IGA code is iimited to the handling of the discrete level struc-
ture only. So the calculations has to cut off at 9 eV because znirn arnd narity
ascignments are ambigous above this energy [11].

The continuation of the calculations including tne excitation of states within
the level continuum has been dene by the code STAPRE E:ﬂ. Besides the inclu-~
zion of continuously distributed levels the main advantare of this code iz the
extension of the Hauser - Feshbach = forualism to deal with 7 deexcitation of
all populated levels az a competitive decay mode, the succecsive multi - nar-
ticle emission as well as the treatment of first chance particle emissisn in
terms of' the Dxciton model.

The low - lying level spectrum of 28

31 shows featurez of vibrational as will

ax rotational motions., The intervretation of the excitation of these ctates

via the 28?i(n,n') reaction has been carried out by Itreil [13] in the frame

of ccllectiv renction models ucing both DWBA and ccupled - channels - mode of
the cormputer code CIUCK=-2., In the context of the pre ent contribution only the
analysie in terms of the Optical model and different statistical modelc will be
reported on,

According to tre main constituents of natural 51 the model ~alculations have
been performed for 285i with only three exceptions concerning the threshold
reactions 29Si(n,p), 295i(n,¢) and 29Si(n,Zn).
. Problems and results of the application of nuclear models Tor the evaluation
of cross sections, angular distributions and particle spectra
4.1, Congistency of parameters

In all models applied, a point has made of the use of the same parame*ers, i.e.
optical potentials, deformations, level densities, binding energies and other
ones, Some problems of finding such a parameter set arise fron the failure of
experimental data or from their uncertainties and disapreement.

4.2, Neutron elastic gcattering

Lifferent optical potential parameter sets given by Bhat [3], Holmqvist [14],
Obst [15] and others summarized in table 3 have been siudied inteneively to find
out the beat one which fits all experimental deta in the range from 1 to 26 MeV
neutron incidence energy [23 voe 45]. A 8lightly modified version of Obst's
potential well yields an optimum iuterpretation of all available data [73,17].
Contributiong from compound -~ elastic scattering have been taken intc account
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in terms of the Hauser - Feshbach -~ formalism,

Figure 6 demonstrates the experimental and theoretical situation for intesrated
elastic scattering cross sections. The remarkable spread of experimental valuss
velow 1C XeV are due to the intermediate s*ructure also visible in the total
cross secticn.

The potential well found in t*e lescribed manner has been used in the DVBA and
Coupled - Channel - 2nalysis after a proper reduction of the imaginary potential
depth [1 3] .

4.3. Neutron inelaztic scattering

Feutron inelastic scattering exciting the low - lying levels can be understood
well from the threshold up to about 5 ileV in terms of the Hauser - Fezhbach -
formalism including width - fluctuation corrections. Comparable results have
been obtained by the codes ELISA and STAPRE. Above 5 eV deviations apvear indi-
cating the contributions resultins from reaction modes other than statistical
one, Usually the excitation by collective nuclear reactions is held to be reg-
ponsible {13] for this.

Here also the populaticn of low - lying states via pre - equilibrium neutron
emission has been investigated. A substantial improvement of the calculated
values in comparison to the experimental ones could be achieved in the whole
energy rance, Above 15 eV there are no experimental data to supply or ccfuse
these results. In fig. 7 the ewxcitation function for thre 2851(n,n1)2831 reaction
demonstrates the situation mentioned 2bove. The more flat energy dependence of
the calculations obtained by ELIZA above 9 iieV results from the level cut - off.

The understanding of the angular distributions of inelastically scattered neu-
trons is excz2llent using an incoherent superposition of statistical and direct
reaction modesg [13].

Excitation functions of highly excited states or the inelastic scattering to

the continuum can be reasonable described by statistical methods because contri-
butions from collective motions are small, The pre - equilibrium reaction mode
atrongly enhances the emission of high - energy neutrons from the level conti-
nuum visidle in voth neutron sprctra and the total inelastic scattering cr-ss
section (fig. B).

Using the code STATRE neutron emission spectra can be calculated in reasonable
agreement with meagurements available.

Commonly, angular distributions of neutron inelastic scattering to high excited
levels or the continuum are assumed to be isotropic.,

4+4. Jeutron - induced reactions

In the energy region considered here only the 28Si(n,p)28A1 and 2851(n,u025Mg
reactions contribute to the non - elastic cross section. Both channels have been
ayrnined in terms of atatistical models using the codes ELISA and STAPRE,
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In agreement with the experiencies got in deeling with neutron inelastic scete
tering the code ELISA yields good results up to about 6 MeV, Above this neutron
incidence energy a continuous level distribution must be introduced in the
corresponding residusl nuclei. The consideration of nuclear level densitles
causes some problems in preparstion of calculations performed by STAFRE. A
serious one is the correct matching between the discrete level counting and a
continuoucly distributed density. Using different published level density para-
meters (see table 4) for all nuclei under investigation (isotopes of 3Si, Al

and lg) such a consistent set of parameters has to be found which fit all avai-
lable experimental data in all open reaction chennels. Figs. 9 and 10 present

a good and a bad example for calculeted excitation functions. The deviations in
the (n,el) reaction are due to an inadequate adjustment of parameters used in
STAPRE celculations.

By this method the particle spectre cen be celculated with ressonable accurecy.
Such spectra are of interest for differernt purposes in solid state physics.

Pinally, first results heve been obtained to describe the angular distribution
of perticle transitions populating the Zow -~ lying levels in the residusl nuc-
lei by direct processes using tL2 code CHUCK-2. -

Qutlook for works bei in srogress

In order to create a complete file some tasks will be prepared to start in 1980,

Meinly following probleme are weiting for treetment

b § evaluation of the cross sections in the thermal end epithermal energy range;

11 evaluation of resonance parameters;

iii evaluation of § - production crosc sections and f- ray spectra induced by
neutrons.

Concerning the last item, valuable experiences have been collected in the use
of statisticel methods for the description of the T deexcitation of highly
excited nuclei [22].

Finally, sll numerical results have to be compressed and checked against in-
consistencies in partial and total cross scctions. After that the data set will
be coded in the format of the FNDF/B - librery (for convenience of an inter-
netional exchange) and added to the SOKRATOR - library representing the file
2015,
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Table 1: Comnilation of file~ of recormended data for Si

1ibrar: T denif- roter- vear cf remarks
rnation ence puhlication
TP 250 (11 1964 very old file, neu-
tron data only
i [2] 1972 comnlete file
i 1975 ne changes
8 ! 1978 no changes
F/2=111 [3] 1973 graphs orly
3-I7 1975 complete file,
available since 7979
{4] 1979 neutron data onu.y,
ircludes EiDF/Z-1V
totally
BAZATIAS [5] 1972 only elastic reutron
seattering
; TAT =T [6] 197C j cnly (n,n) and (n,ed)

Tabies 7: Apvlied models znd their ronc-e of validity to calculzte cross sections

vodel cner-y guantitics AAT data computer
ranre tyn code
Optical 1 to
model 20 eV (n,n) ans. dis.r. LIIGA
Hnuser - 1 to
Feshbach - | 2 eV (n,n), (n,n{) ercitation
fermal, function, ELISA
(n,p), (n,e) ang. distr,.
: excit., funct. STAPRE
L -
H, = F, - i (n,n), (n,n.') @ excitation
formalism ; (n,n's, (n,$) 1+ function,
+ ! ' (n, e ! particle 3TAFRE
| multi - | 9 to {n,2n), (n,np) spectra
P rtep - ;20 ey (n,re) ... :
formalism |
+ i
Exciton~ }
model :
DY3A 4 5 to (nyn)(n,n!), ang. digtr, CHUCK-II
ces 20 eV (nya;) = °
l )
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Table 3: Optical potential well parameters for 283i

Bhat Holmqvist Kliczewski Obst Streil

[3) [14] b€ 0] 03l

v /MeV 56,.,3-0.32E 48.5 43.13 52.0 52.0
RY /fm 1.17 1.191 1.27 1.15 1.15
a /fm 0.75 0.66 0.68 .78 0.78

d/T..ev 13.0=0.25E 7.89 9.63 12.1 12.1
Rd/fm 1,26 1.201 1.23 1.25 1.25
d/fm 0.58 0.48 .45 0.47 0.47
Vg /'ev 6.2 8.0 8.91 4.9 9.0

Table 4¢ Parameters for description of nuclear level continuum for 283i
Parameter Gilbert Vonach Dil Gadioli present_work
18] 19] [2of 21
a/l'JeV-.' 3.2 3-1 403 4-5 300
allev 3.9 0.2 c.2 1.4 1.C
Ieff/Irigid 1.0 1.C 1,0 0.7 1.0
Figure captions
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Pig. 2

Neutron capture cross section
in the energy range from
C.CCC 1 eV up to 20 XeV re-
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Pig. 5
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CCHNFISURATICY (F DATA PROCESSING SYSIE. AT 38CIICH (F FY3IC3
- FRESENT STATE AND DEVELCPLL.TS -
W, selling

N

Technizche Universitédt Dresden, 3ekticon Fhysik, DD2-3C27 Dresden

1. Intreduction

Develorment of nucleer physics experiments during the last twenty yeurs is
characterized by a remarkable inereasing complexit; of exverimental arparatus
due to more severa denands frem higher data rate and fron nmore accurate ani
mere relijacle measurencnts., This recuires the application of elecironic dirital
technigues te acgquisite and srocess experimental data and to cuntrel the exze=-
ri-ental devices [1].

Ir. this way, in 496C and later in nuclear physics leborateries zany nrojects

¢i data rrocessing c¢:ntres basing on a central comcuter, wihich is on-line

rcunleu te cxrerinental devices over smell or leneeor distances

cut ari sroved (fic. 4a). .he al

node nrovid

oring on tine runninT t. Degsplie of iz

~ertal device to & central comnutor insiuelied

[y

ingtiitute cor cubtsilde exhibisy none gsericus probichd, Cofte:

7y
- &ccess f oo o, aicist te the ceontroiiscd crmnuber, to 100 noritiorad

PR 4+ b
wWLiug, uc

e gelvrare systen and ble weorking regcire is ifirninesz -
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- An clectronic dats vrocescing systen is not well interfac2d teo couple expe-
rivental devices li.c counters or analag-iigital converters in nuclear

nrnysics devicess reaction time for identification and processing of inter-
rupt 4demands is consiczorably long.

- Data acqguisgit on wnd real-time rroc 3sing of physical exreriments, which
can ru- pany nours or days, require long operation times or o more cennlie
cate tine=sharing reiiue of the computer and result in Hich couz..

An essentia. sctep towsrds the better application of computer technicuen was the
developmont of “he so=-called minicomputers about 1965, ner-itting dircct coup=~
ling (o1 -line coupling) to the measuring system without troubles arisins froam
any multi-user regime (fig. 1b). Wellknown tymes of these comverstiv.ly cheap
anu pewerful minicomputers are 1DF=-8, the Hunpurian cquivalents TFa=10L4, the
GDR~tyve K3R 41CC, and later especially the PLP-11 familiy which has successors
producea in many count “ies, Frrthermcore, the GDR-couputer Robciron dts 4o0u

has to be re-tioned.

In our institute the develcp.ient of computer--aided exverimental devices bogan
in the years 1974/72. Tha apclication of the KRG 42(C wags the only alternative

in «—der to¢ realize direet assiming a comnuter to the exnerimental arrange-
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Fig.1: Structure of computer-coupled measuring devices

as
b:

Centralized computer

On-line ccurled minicomputer immediately placed at the mea-
suring device

Hierarchical system including mini~ and microcomputers

ment (comp. Pig.1). Due to the distamce of about 15 miles to the waiversity
computing centre in Dresden a coupling to its machines would lead tov high ef-
fort and many troubles to agree physicist's requirements and preconditions in
the computer centre, Therefore, we did not plan the on-line coupling to compu-
ter centre for the aim of data acquisition and control of experiments, Apart
fiom tais, un the other hand such a coupling using any telephomne cable from our
institute in Pirna to the computer centre would improve the working conditioms
of physicists, because many theoretical calculations and work on nuclear Adata
evaluation could be carried out immediately from the institute., Mnfortunately,
powerfal terrinals to do this coupling with some intelligemce, with punched
card reader and elphanumeric display are not available, Therefore, installing
a terminal ir Pirna has to be delayed until the technical preconditionms for
installing, for data transfer and for connection to the computer centre are
given.

About 1972, derived from the described situation the conception of data pro-
cessing and control of nuclear physics experiments in our institute was clear:

= Application of a KRS 4200 minicoaputer,
- Providing a suitable interface to couple computer and nuclear electronis.

= Working out software to acquisite and process data and to control the ex~-
perimental arrangement,
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- Later addition of further minicomputers and commectiag them sepsrately to the
independently runaing experimmmts; these idees came out of date, at least ia
some sspects, by developssat of microcomputers allowing powerful hiersrchical
systems (fig. 1¢c).

Recently, reelizing a structure like fig. 4¢c is the maim topics of our work., Ne—
vertheless the installation of a secomd 4200 or A201 minicomputer would in-
crease the pexformsnce of the dats processing capabilities and is plamned for
next future. [2]

Ir the following some remarks on the IRS 42CC minicomputer and omn the modular
instrumentation system CALIC will be made before some comments om the comcen—
tiom of distributed processing wsing KIS 4200 and microcomputers are riven.

2. Hinicomputer KRS A2C0

The main perameters of the Robotran KRS 4200 computer are summarized in tab_lc‘\.
The availability of various standard interfaces to couple external units to the
computer is very important. The producer warked cut program—coatrolled imput/
output channels which correspcnd tc following standards [1,4,5]):

- AS 4: Sif 1000, interface to couple typical computer input/ocutput devices
like typewriter, saper-tape resder and paper-tape puncher.

= AS 3: SI 2,2, interface standard developed in GDR [6] for process—comtrol
=odules like input and cutrut of analogous and digital signals, slow
counters, multiplexers based om relays and others [7]). Commercially
produced modules suitable for nuclear vhysics exceriments are not
svailable.

- AS 5: SI 1.2, standard interface tc ckhain devices (8], e.g. units of the
data acquisition and output systems made by Punkwerk irfurt [9]. Lain-
1y developed for coupling of nuaeric controlled machine tools, AS 5
allows connection only of about & units. Several nuclear electronics
devices made from Central Institute of Nuclear Research in Rossendorf
are adapted to SI 1.2 [10].

- AS 10: CAMAC~interface [i11]), this comnection to KRS 420G based on develop-
ments in our institute fi2)is an important precondition to use the in-
ternationsl wellknown instrumentation system CAMAC.

In spite of the flexible input/output chanmels of 5200, and especially of
KRS 4201, which contains more input/output channels compered to KRS 4200, these
coaputers show gome insufficient parameters:

= The memory contains 16 K words in maximum (the 4201 is to be said to include
up to 32 K words) ~ that is not sufficient to store great data blocks which
are given in semiconductor detector .ided nuclear spectroscopy or in multi-
parameter c¢oincidence experiments.

- External magnetic memory with high capecity and randoa access like magnetic
disks are not available; the only poesibility is to use magaetic drum memo-
ries with 96 K words capeacity. Magnetic disks will be expected,

Installation of the powerful slphanuseric and graphic display developed in the
tossendorf institute is im preparation. A digital plottar for accurate plotting
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Table 1: Some parameters of the KRS 4200 minicomputer (Robotron Dresden) [?J

Central processing unit: Memory:
~ word length: - 16 bit - technology: fer—ite core
- number of instructiomns: 53 - capacity: 8 or 16 K
- execution time (8201: up to 32 K)
fixed point addition: 2,6/us - cycle t.nme: 1,3/us

floating point addition: 650/us (subroutine)
- addressing modes: direct (2 sectors,each 512
werds), indirect, indexing

Input/output chanrels:
- program-controlled channels: AS 1: Sif 1000 interface
(4200: up to 4 possible, AS 3: SI 2,2 interface
4201: up to 16 possible) AS 4: ESER-computer coupling
AS 5: SI 1,2 interface
AS 8: V24 interface
AS 10: CAMAC interface (According to EUR 4670)
and others

- direct memory access: for 1 device
- interrupt inputs: 16 external, 2 using rezl-time clock

FPeripheral waits:

- standard equipment: typewriter 3SW 4000y paper-tape reader CT 2001 paper-
tape puncher C8025, daro %=15; serial plotter daro 1156

- extended equipment: marnetic drum store PBB 2(4=2; magnetic tape storej
magnetic disk ISOT 4370 (announced); alphanumeric
display PBT 4000

Software:

- assembly language: SYPS 4200

= dialogue progrumming system: DIWA 4200

- high=~level language: FCR 4200 (FORTRAN)

reai-time system program: ESKO 42CC

loader, debugging program, editor, mathematical standard routines and oth,
problem~oriented software te do economic and data processing tasks, no.
suitable to control physical or other measuring devices

of the measured and processed spectra is missing in our configuration

Great problems are derived from the disproportion of available and reauired
sof tware, that means high~level software to control CAMAC-devices and to exe-
cute dialogue between computer and its peripheral units.

Altogether the parameters of the Ki3 4200 computer and its deticiences in memo-
ry capacity, input/output channels, software and other topics defined essenti-
ally the configuration of our measuring system and required great effort to
develop special hard= and software,



3. Modulsr instrumentation system CAMAC at KRS 4200
Mwong the various< interface standards like SI 1,2, SI 2,2 and CAMAC we decided
to use CAIAC [11_]. The reascns for this choice are clear:

~ CAMAC is a well defined instrumentation system, adapted primarily to nuclear

physics mvasurements.

~ CAVAC bas global spread, thus facilitating international cooperation; in our
case this cooperation is referring to the Joint Institute of Nuclear Re-

search in Dubna.

~ CAMAC electrical and logical conditions permit data transfer rates, which
are higher than processing rates in minicomputers; therefore, CAMAC can be
successful also in future using considerably faster minicomputers.

(r the other hand due to orientation to CAMAC we are forced to extend the
input/output channels of the KRS 420C computer (AS 10 [12]) and to develop
some system softwarzs to program CALAC devices on a moderate or high program-

ming level [13,14].

The function of CALAC data transfers and the structure and code of CAMAC com-
mands are wellknown, therefore, a detailed description can be omitted. The
various rossibilities of coupling between CAMAC modules and the computer are
represented in fig.2 [5]. With K3 4200 computer we selected the structure
with branch driver working as input/ocutput channel and, consequently, the

"vertical™ CA.AC dataway according to EUR 4600 and the crate controller tyvpe
A1 [15,16]. This solution guarantees the coupling of up to 7 CAMAC crates to
one driver without serious restrictions for transmission length and without

blocking of a great number cf computer input/output addresses = last object
was in correspcndence with the reguirement of the computer producer.

With the selected CAMAC~dataway a structure of the measuring system as depicted
in fig., 3 was realized., In table 2 some of CAUAC modules, developed in our in-
stitute during last years, are listed [17,18,19].

At present, our programming of
CAMAC is basel on the assembly
language SYPS 4200 of the XR3 420C
and on the language CANAC=4200 [1.],
which contains CALIAC adapted ele-
ments in the kind of a problem=~
oriented higher language., In both
caseg the conversion of the CAMAC~-
programs into the machine code is
effecterd in a compiling manner,

that means, all modifications of

the running program due to exchange
of separate modules or tc variations
¢f measuring strategy require all
precompiling and assembling passes.
This makes programming inconvenient
and time~-consuming. It is tc be em~
phasized that improvements in pro-

Table 2: CALAC modules, develcped at
the Technical University of Dresden,
Section of Physics (selection)s

CALAC crate controller type A1 (EUR460C)

Marual and external programmable crate
controller 3312

Serial link module

CANAC branch driver AS 10 for KRS
4200 ecomputer (EUR 4600)

Parameter input module 1240

Dataway display 3111

Pulse counter 1111 (2 x 24 bit)
Pregettable up/down ccounter 4170

SI 1.2 adapted imput register 1221

31 1,2 adapted output register 1421
Timer

Switch register input module 1240
Control and level converter module 1520
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gramming strategy are necessary in order to support the application of CAiLAC,
Furthermore, dialogue pcssirilities are essential if program is to be modified
or if test operations during program debugging and adjustment of the devices
Lhave to be performed. In this direction, at KRS 420C work to extend the pro-
gramming language BASIC with CAMAC commands requires attention [14, 20]. An-
other alternative can be seen using FOPI:AN-CAMAC subroutines [21] and at the
KRS 4200 the magnetic drum memory saving unreliable paper-tape work during the
compiling phases.

Programs, data

¥ Y ’
| |

compu compuler| |computer

branch seriol

— e — —— e o
e

driver driver
., serial datawa
dahwq,/ A 7 4
EUR beoo P auvxitiory bus ACB
r— P N s
§ contreder 4 [ 4
Crate with fived with ! of specie. avriliary
ig-
Controller] progrom micrecomp| Used ¢ type At Al type L2 contreiier|

datoway  § § § i § H

EUR $100
CAMAC - Modules

digital u',nd;t T analogous signalsy

Fig.2: CAMAC configurations

4, New developments baging on microcomputers

The development of small-size and low=-cost microcomputers with high computing
power, which is similar to the perfermance of first minicomputers, opened new
ways in automation and data processing by digital techniques [22]. According to
fig, 2 there are three essential variants to include microcomputers in CAMAC:
V4. Coupling of an external microcomputer to CAMAC by use of
V4.1 a brench driver for one or more CAMAC crates,
V1.2 a speclalized CAIAC crate controller adapted to microcomputer input-
output channel,
V1.3 another standard interface like 31 4,2, which is realized in GDR mi-
crocomputers and which supposes a CAMAC crate controller fitted to
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this standard interface.
V2. Expanding the CAMAC crate controller by
an in-built microcomputer resulting in an

"inteiligent" crate controller (ICC), | mega

which saves an external computer to con- K:z::z;oo m_;::-:.w

trol CAMAC [23]. . o I —J,w
V3. Addition of further CAMAC-modules placed As ipeaterst

on normal station numbers, which include :::::', com se00

microcomputer elements to organize work setawey

of a connected peripheral unit without | controler lype A1

loading of the computer. Presence of se- | camac crete

veral controllers in a crate requires, :-f-*nwv-h):

diapley,

however, an auxiliary controller bus ACB o, oxets i

to share access to the CAMAC-dataway L {

according to selected controller priori- At

ties [24]. B camac crate

CAMAL rmodules
Consequent installationof microcomputers in to drtactors
a system like fig. 1¢ suggested a hierarchi-

cal structure which is shown in fig. 4. The Fig.5 : KRS 4200 minicomputer

KRS 4200 is the central computer having sui- coupled to CAKAC

table peripheral units and via the A3 10

access to 7 CAUAC crates in maximum, Furthermore CALAC crates can be controlled
by microcomputers of the type SDK-80 [25] or VPS 4944 [ZGJusing 8080 micrepro-
cessors. That means systems with moderate data processing requirements can be
controlled independently of the KRS 4200 by separate microcomputers, This prin-
ciple of distributed dataprocessing simplifies essentially software problens
compared to a multi-user regime on a more power ul central computer,

If access to the central computer would be necessary, then coupling of the
microcomputer controlled CAMAC crate by use of datalinks as CAIIAC modules can
be recommended [27,28]. This represents a two-level hierarchical structure,
which opens many possibilities to find out an optimum system solving special
tasks, More precisely, from the variants mentioned above we selected such va-
riants which are compatible with demands from experiments and from limited
technological suppositions:

V1.1 Development of a simple branch-driver adapted to the 8255 programmable
peripheral interface chips of the SDK=80 microcomputer [25,29]. A stan-
dard crate controller type A4 is usable,

V1.3 Application of the SI 1.2 interface card of the MPS 4944 microcomputer,
wnich does not include programmable interfaces like 8255 or Z80-PIO.
This required che development of a SI 1,2 adapted crate controller E}OJ.

V3. Additional controllers in a crate like the "intelligent" controller
A.CA-80 [31], need the auxiliary controller bus [24]. This suggested the
development of a controller which is adapted to SI 41,2 and includes the
ACB connection; manual and external programmable controller 3312 [50_‘}.

Worth mentioning that the controller 3312 can work independently of a computer.
It allows programming of two commands NAF wusing front paneel switch register.
In this repime tests of TAMAC modules,especially as long-term reliability mea-
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Fig.4: Data processing based on system shown in fig. 3 and expanded by

microcomputers

surements, can be performed without blocking of a controlling computer.

To 3implify CAMAC programming when using microcomputers SDK-80 and LPS 4944 the
standard monitor program was extended by CAMAC commands [52, 53]. These commands
call subroutines to compose the command NAF (or in SDK-80 applications CNAF)
from ceparate bytes, to test signals X and 9 depending on decleration by the
iser and to supervise the time of CAMAC dataway operations, This programming
does not correspond to the application of a high~level programming language,
secause the user must know a lot of CAVAC hardware and microcomputer details,
Wevertheless a programming language like BASIC with CAMAC expansion would be

very decirable when to use microcomputers.

Because of the general application of CANMAC the coupling of crates controlled
by computer or by the controller 3312 using data link modules is suggested,
The data link modules developed in our institute exhibit several data transfer
modes and, therefore, good adaption to special transfer lines.

Satisfaction of higher data processing reguirements let the installation of a
second KRS 4200 or 4201 computer to be an important task for next future., As
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indicated in fig.4 this is independent of additional application of microcom-
puters.

Experience was obtained by application of KRS 420C controlled CAMAC-system to
measure the (n,f) cross-sections with very high accuracy [34]. The SDEK-8C
microcorputer is used to control tne current of a quadrupole lens for Lighest
ion current at the nevtron producing target [32,55]. Applying a fiber-optic
transmission line is in prenaration to transfer data from MPS 4944 via data
link modules to a CAMAC crate with 3312 controller having the 5CC kV potential
cf the top end of a cascade generator. Furthermore, the automation of (n,n')
scattering experiments by means of a MPS 4944 microcumputer and data block
transfer to KRS 4200 is planned [FBJ.
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CONTRIBUTION TO AUTOMATION OF A CASCADE GENERATOR USING A MICROZONPUTER

P. Gleisberg, W. Engherdt') and W. Meiling
Technische Universitit Dresden, Sektion Physik, DDR - 8027 Dresden

Demand for higher precision of nuclear physics exoerinents increases permanent-
ly. "ith regard to experiments at 150 kV and 500 kV cascade generator to
produce neutrons this demand imnlies:

- maximum value of the beam current
- long-term stability
- gtablilisation of beam bunching.

Additionally, starting the generator requires long experience and good
dexterity from the operator. Hence, it followsg, that the generator should be
automatically controlled so relieving the operator and giving better stability
of important parameters of the cascade generator.

First work for automation of the cascade generator was cerried out sten by
step:

- construction of a CAMAC-connection to the microcomputer, to use the
existing CAMAC-interface consequently

- defining a CAMAC-monitor for the microcomputer

- stabilization of an essential parameter of the cascade generator and
testing the performance of the microcomputer used.

In additional steps more parameters of the cascade generator should be con-
trolled till the complete automation ie realized.

Por work at the cascade generator the microcomputer CDK - 80 was available.
This is a single=board microcomputer kit, including the 8080 CPU, 4 k bytes
ROM and 1.75 k bytes RAM, Coupling to peripheral devices is performed by two
8255 programmble peripheral interface and one 8251 programmable communication
interface. A system monitor is included in mask-programmed ROM, for general
software utilities and system diagnostics.

The CAMAC-connection is realized by using a branch drivei [}] , according to
the CAMAC-Branch Highway by EUR 4600, During each branch operation the branch
driver can communicate with a maxir: s of three erate controllers.

The CAMAC-commands CNAT are directly generated on the microcomputer addreas

" now Zentralinstitut fiir Kernforschung, Rossendorf
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The liiil-commanis are written into the branch driver commnnd register. The
JATAC-write 2md read Jata are bHuffered in tne twc 3255 interfaces. Moreover,
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The microcomputer with branch driver needs for genersting one CAYAC-read or
write cozmand about 75 microseconds and for one CAMAC-control command about

30 microseconds.
In expansion of the SDK 80 microcomputer standard monitor a CAMAC-monitor was

defined facillitating the attendance of the CAMAC-configuration [2] .

First application on the cascade generator

By control of the current through a quadrvpole lens doublett the beam current,
measured on the target, is hold permanently in the maximum,

Thle is a problem tc find the optimum of a function which depends on two para-
meters. This requires to look for a optimization method snitable for the micro-
computer with regard to the permissible computer execution time and the
available storage capacity. Using the SDK - 80 microcomputer which is coupled
to CAMAC a sultable optimization method was selected and programmed.

MICRO- BRRNCH
COMPUTER | DRIVER

CRATE
N\
]
oad

DRTR O 7PUT

T/MER
CONTER

QURORLIPOLE LENS

— S ORTR OUTRUT

POWER
Jhﬂﬁav’—___l_*
IMAOULE]
BEAM
CURRENT
INTEGRATOR P
s
T #_ !
5
n [
P -
A
L GEAM M
CURRENT

Pig. 3: The experimental configuration
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A digitaly controlled power-gwitch module provid:s, alter the input of a data
word, transfered via a data output module, the current of one branch of the
quadrupole lens. The beam current integrator provides a frequency proportional
to the target current. A counter module counts these pulses during 1 time
fixed by the timer module. Therefore, the data word of the counter includes
inTormation of the actual beam current value.

Further, the timer module determines the time interval between two succeeding
optimization runs. During this interval, the microcomputer can curry out other
tasks.

One optimization process takes about 5 seconds; this time results from the long
integration time of the beam current integrator.

|

MY/ M UM
BEA
CURRENT

-

2y

Pig. 4: The succession to find out the maximum of the beam
current at the target

I,, - current of the horicontal focus lens
Iv - current of the vertical focus lens

At the beginning,the quest is done along the line, where the currents of the
horicontal focus lens and the vertical focus lens are the same. Where the
relative maximum is reached, the quest courses along the lines parallel to the
axises, this means, the current of one lens is holded constantly.

After this, where the maximum is founded too the asymmetry of the coil
currents is to be varied to obtain the abgolute maximum.

References:

[1] F. Gleisberg, Diplomarbeit, TU Dresden, Sektion Physik 1978
[21 ¥W. Enghardt, Diplomarbeit, TU Dresden, Sektion Physik 1979
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TEPEZAYA IMOPOBHX NAHHWX TPH SKCHEPAMEHTAX B fIAEPHOR QGA3MKE

9. Baitzxase, A. [arar
Texnuveckuit Yumpepcarer Jipesnen, Cexuus Pusuwm, Jpeanen, I'NIP

I. Jazaun nepeaaym mMPpOBHX ZaHEHX

B OrmxaimeM Oynymesm (u3mKu dame CYAYT NMOABIOBATHCA MAKDOnponeccopams. Hx Hasma-
YeHHEe COCTOHT B "OH XallH"-yNpaBUEHAM 3KCMEPMMEHTAMN R B DEAyROr+ AadEMX. Niad
BNYMCNEHMH Ra CNexTpax AyUEe€ BCErO NMPUMERATH 3XAE€KTPOSRKOBHINCANTCALHWE MANNHMN
(3BM). CBA3L MEXZY JTUMM W J0Xee MARCHHKMMM 2BM FPONCXOZNT IPR NMOMULENM TE&K Ha-
3uBaeMHX "JRHK Mozyzel™ [i]. flpr 2T0M MOZHO NCHOAB30BATH CKOPOCTN MereKaum
RaHHHX, COTJGCHO DWCYHKY I.
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Puc. I TunuuHHe CKODOCTH NDM Meperade ABHHHX

Ipyroe HasaHayeHWe COCTOMT B YCTAHOBKE, YMPABAL IM4 M KOHTPONE YCKODHTENAR C MO-
NOBN MMKPONPOLECCOPOB [2]. fipy 2TomM TpeCOBAHAA HA CKOPOCTHM HM3KHE, a Ha Gedl-
ONMGOYHYD Mepesady ABHHMX BHCOKHE.

Bce BumenepeyucieHHWe acNeKTH HAXOZAT OTpaxeHde B MpoexTe oraena sxepHod GMaum-
kn Texsuyeckoro YuuBepcurera IpeafieHa [3]. PucyHnK 2 NoxaawBaeT OXHY Muxpo-3BM
tuna NIC 4944 (llenTpanbHult MHCTHTYT AZepHMX Wccaexosanmi, I'lP), Zezamym Ha no-
reHuuane 3eunu. C MOMOMBD IAACTOBOAOKHHCTOrO KaleAd MPOM3XOAMT fepeAada da Bh-
COKOBOABTHYD annaparypy yCKopuTeAa. My npuwesseM AAA MOXYAADNN W HEMORYAAIMM
Amx-uoRyAb®, TAna 1471 |3, 4]. B Ganzaimem Cynymem umdpoBHS MIMEpATEABHHE
3BeHBA B GROKM MATAHMA C UAPPOBHM ynpaBAeHKeM GYAy? RaxOANTHECA HA BHCOKOBOABT-
HO# anmaparype B3 oZmHOM TeneynpaBasemoM KAMAK xapxace (kpeiir).

Haw xo4ercs MOAYEPKHYTH, 470 CBA3X K waneunkod IBM Tuna KPC 4200 (PoGorpox,
I'ZP) rakxe wayT no Jusx wonyxo, runa I471.
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Pac. 2 ‘lpoexr Texuwyeckoro JurBepcurera Jioe3feHa AAR TeAeynpasne-
Hea ozyqoro HAYAK xapxaca Mpu yCTaM(BKe, YN pPaBACHHM ¥ KOHTpOAE
YCKOPUTEAS ¢ NOMOUBLO MAKDPONPOUECCOLOB

2. Hexoropue napamerpu JunK MOAYAR I471

Jnkx MOZYAD NOUTPOEH AAA CHCTPOZ Nepefayn ABHHMX [4. S]. lloaroMy B HEeM HAXORAT-
CA 2B3 MyTH: COOTRETCTBEHHO MAA BXOJA M BMXOXR, TO eCTh 4Yeped KAMAK warzcrpaxns
WA nepefiHo# nakens, MoAyAb paGoTaeT NMOCAeROBATEABHO Ha xadene. C MOMONBD na-
pPaaneABHOr0 NEepenHoro BXOZR MAR BHXOZ2 BO3MOXHO OHCTpoe ocymecTmiesne IMA cBA-
aei. Kpome TOr0, OHA HYRMM LAR TEACYNpaBAEHMS OMMOTO paxxaca.
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0C4%50 CKOPOCTH NMEereraun JAHHWY COCTABEAST 2 MEra SuT 2 CEXYHRY, NpRwew 3a-xTa
0T O2R OK D+CHF XOpomans. Hampumep, Oe3 3aTpyAHe:ivd ¥OX:HD lath NMIYALCM B3 6(C 2
Io# Mereiads Ka YETWPEXCOTMeTCCBud KaGelh. 30CXOANEee BUeMW NMIYXHCOB COCTRBIR-
ev 3C HCe. 3 OCHOBMOM, 33R2T3 NPOTHB OERS0.. ZOCTEIaeTCR NCTE NTOMONX ¢epsNTKONR:iO-
THX TPAHCLOPMATOPOB. B MOKYEC OAHONDATHOX BAPWHM HAXOEZNTCA 79 MHTErPANBHMX MRK-
DOCXek.

3.Hex)TOpME MApamweYpM YYACTXA ZAA CBETOBC. depexaux

¥i NMOCTDOARN TYBCTBNTERBAKER cBeron>wemdrr. T ralG)ivaer ONLH: HAreFHS N{W BXOX-
L. MORFOCTR CBera I0‘7 BarTr. IDREMMRX io7i Zed XXM XRAKA3IDHA C 4acroTdk ro

S Mry. ¥ mac npeweHseTcs AXEER TONBKO B - WP*DOB, MO3TOMY ¥M CMOTAX MCNOAB30-

BaTh lewedsd KaGexs Tmma Grinifil _IK (&sap.., IZF). 3tor xalexb ZMeeT MEHEMYM
2aTyxauna (AeENnN{upOBaARR), ANR KLACHOTC cBeta. ¥u CNOTANM NDRM2HETD OCW4Hde AD-

WRHNCOSHTHMEe XA0AM, -4ra VQA I2. Erd CE TCB3AR MOEHCCYS> COCTaBRser 3 - 0™ aarr.

Prc. 3 BKOX ZXR CBeTOBOM mepenaun. Ok cOfepxaeT LBa CBETONMPHENHKKA,

AB& CBETOMEpeNavyKkKa ¥ ABA CTaOMABHMX TDAaHCBepTepa (+ SB 3xox, 2 -5B
i +30B muxox)

4. YpoBess peaxxaaymm

Mu CrapaemMcn NpONaBOAMTH AMHK MOKYAW W CBETONDHEMHNKN. BCe MpOBEAEHHME MCMMTa-
unA 00pa3ga PORAR yCnesmAo. [IRACTOBOXOKAMCTMR KaGeAb yxe OANH I'OX HAXOENTCA B
yCKOpHTEAe. 33 270 BpeNA MM HE CNOTAN JCTBHOBNTH KAaKNX-AHOO WameHeRwHd 3 xacexe.
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MCTIONb30BAHHE MAKPO-3BM B SKCIEPMMEHTE iiA KACKAZHOM T'EHEPATOPE

T'. Xadupux, T'. Hnoce
Texuuyeckuit ysusepcurer Jpeanex, Cexuua quauxm, Jpeszen, [P

On#cuBanTCA 3azaus MMKpO-3BM Tuma "MIIC-4944" npn aBTOMATHIALUM IKCNEDHMEHTOB Ha

HeﬂTPOHHOI reseparope, B YACTHOCTH NOAKIDUYEHAE MHOT'OKAHANHOIO 8Haylu3arTopa runa
MLA-70.

1. Beesierue, 3afiaun MuKpo-3BM

lipy aBroMaTu3amMu CrEKTpPOMETpA GHCTPHX HEATDOHOB MO METOZAY BPEMEHM NMpOIETa C
noMomsw MMKPO-JBM MOXHO YCT@HOBMTH aBTOHOMHNE rUCTEMH ¥ NpPOBOAMTH NPOCTHE NpO-
BEPKM IKCNEDHMEHTA M YNpaBIAvEne QyHKOMM.

C nowomsp MuKpO-3BM ¥ Ha Ca3e JaHHOH TEXHWKM BO3MOXHO BHNOJHATD (u3Kueckue aa-

nauy Gonee 3dpexTMBHO U ToYHEe, HANpUMEp

- Ompejenesne CeYeHW{ paccesiHMd HEATPOHOB B WMPOKOM AManasoHe YIJIOB,

- Mcmoab30Banne (oNee IJNUHHBIX (a3 Mpoiera,

- onpezeNeHne NapaMeTPOB annapaType, HANDUMep HANPAKEHUE AAA OTKIVHEHNR NYyYKa,
POK Yyepes KBAADYNONHWE JKH3N,

KpoMe Toro npemmymectBO MUKDPO~PBM MO CPAaBHEHMD C NMOCTOAHHO MOAHHHMM CHCTEMAMM
COCTOUT B MOZYJNADHOM Xapakrepe DJAEKTPOHHHX GNOKOB # B BO3MOXHOCTK CBOGOZHOMO
NpOrpaMMUPOBAHMA 3KCNEPUMEHTA. JTO 03HAYAeT, YTO CHCTCMZ C MyKpo-3BM cooTseTCT-
ByeT HaMJYYUUM O6pa3OM [a3auuHNM DEXUMAM H3MepEHuH.

Hayazace y HAac aBromMaTH3amus HEHATPOHHOTO TEHEPATOPS HA Ga3e MMKPO~3BM Tuna
MIC-4944 LMAK Poccenmopd (crawpapr Axazmemuy Hayx, [IP) [I]. Ypopews vaarurus
3T0il MUKpPO~-3BM COOTBETCTBYET TEXHMUECKAM BO3MOXHOCTAM I1977/78 TOAOB.

Mlpu 37oM MIIC ZOJXHA BHNONHKPE CAeAYyONUe 3aLayM:

~ NPOBOJEHKE ¥exak 3CHMX (QYHKuMA YyNpaBJeHWs 7npH MOMOEM CnenualbHNX AAuMKoB,

- O0CAy®yBaHKE CHetiaJRHOro unrepdeiica MHOTOMAHAABHOTO aHany3aropa I HM3Mepe-
HHUA CMEKXTPOB,

= ycrahozneHue CBA3M K cPaHZapry KAMAK npu nroMomy yNPaBAAKLErO DYYHOTO KOH-
rpoasepa ¥ K muHa-3BM KPC-4200 mpu nownouu KAMAK-KAMAK-zunk,

- NPOTOKONNMPOBAHAE DKCIEPUMEHTA HE TSAeTaflne ua¥ HA Auchiee B uhe OCHIROTO
TeNeBM30pa U OOCAYRMBAHUE MepUPePHHX YCTaHOBOK,

- YNpaBAEHAS DEXHMOM CTAPT~CTON MOHWPODHEX CYeTYUKOB B HAMAKe,
~ ltpeiBapuTeNbHan 06paloTKA CNEKTPOB HA MpPOCTOM YDOBHe.

2. HoukperHad HOHUIYDALMA IKCIIEDHMEHTA M 3TOKTPOHMKH
Jdannan xoudurypauus Muxpo-3BM MIC-4944 BMecTe c MOAK:TOYEHWeM Mepudepiii NOKA3aHO
na pHc, 1.
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Puc. I JlanHas xosdmrypauus suxpo-3BM MNC-4944

Mporeccopyan naara paGoraer ¢ uvkponpoueccopox WHTEN 8080. Baox "PBE" xamprmep
mo3BOAAeT 00paCaTHBaTh CHIHANN MPEpNBAHMA M3 Mpouecca. C MOMOMED MYABLT YIpaB-
JeHsA BO3MOXHO NpeKpama®s MnporpauMMy Ha JmGOM anpece,

isxona ua QM3KMYECKKMX TpeGOBaHUM M BHEE HA2B2EHNX 3&KAY MOAYYHIOCH CAEAYDHME
CTENEHAN DEaANK38UMN BCelf cnmcredol:

I) YnpaBaerke BEHI €DCKUM MHOTOKAHAUHHM AHAAMIUTOPOM AAA U3MEDEHHR AAEepHO-(mam-
YEeCKKX BENMUNH ¥ NMpeRBApHTeNbEad 00padoTKa AaHHHX NDK NoMOMH MWkpo~-3BM,

2) NoiwmoyeHde aASKYDOHMKA B crTayzapre KAMAK x wuxpo-JBM,
3) YcraHoBAeHHE KaHAna CBASK 5NF Nepelayd AaHHNX OT Mukpo-3BM MIC 4944 xo MMHE-
3BM KPC 4200 na Gaae KAMAR-nunuk,

3re QAKTH ONpEemenfdT OIMH BLOMAHT (N, T')-3xcnepUMeHTa, KAaK YKa38HHO HA pHC. 2,
K nyukrau 2) ¥ 3) nocmoTpmTe Apyrue CTaThR ITHOr0 BHMyCKa,

C yYATHBAHKEM CIEZYDEMX ACNEKTOB MH CBA3NBaNr wHOroxaHansuil anaimaarop WHA-70
n MIC-4944 [2) :

KCcroapaosaune 8 xOafiT deppurHoit nav:u WUA-TI MOCTO  AHWM 3aNOMMHADANM YCTpPO#-
crBox ana MIC,

NPMMEHEHNe MOmHOM axanorof 4acTy aHaxuaaropa,

NPATOTOBNSHHAF MoAXoRAuMi X IBM xoudurypauma n4irepdeiicuol szerrponnim WLA-70
HampsMen ZAR noxxawyeuns muHu-CBN TIAu mam TIA-70 n

Cy:«3CTBOBaHRE hand-shake -~ uHTepdel#ica CU [.2 y uuxpo-3BM MIIC-4944,

C 3THN NMpeANMONOXEHMeM Da3BHBANK wHTepdeAcHYD NAaTy, KOTOPYD B aHAIH3aTOpe MPAMO
padoraer 5e3 ACTIMIKUTEAB’HX UBMEHEHHH.

Mnara sSHOOAHAET caenyotiune QynKuuM:

- ynpaBneHMe a8HuIX3aTOPOM Ha OCHOBe crammapra Ci I.2,

- W3MEHeiye PEEMMA DaGOTH (aMnANTYAKO-MMIYABCHHH 8HAAN3, BpeMA-AMINNTYAHNA aHa-
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IN3 RAM BHBOZ HA NeYars H.t.A.),
- BHOOp 30HN BEYTPEHRHEH NaMaTH,
- YCTAHOBKA CT&DPTOBOI'C aApec& B BHGDARHO! 30HE NAMATM M
- ureEne u 3amuch Aammux [3].

: ..................... .\\
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weitors CANAC - Noduln
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¢ Muxpoxommorepom MIC 4944

Bea cucreMa pagoTaer Ha OCH - € NPOTpaMM~MOHWTOp "MUMO-80" (MMHMMANBHHHK MOHMTOD)
a Gyaymee Ha Gase "CM-80" (gramzapTuuit Mommrop) [4]. MommTop peammaupyer

- M3MeneHue n MaHMNyJAanUAd COlEepRaHuUd DErncrpomB,

- KOMMYHMKARMA, 9T0 03HAYeT OOCAyEMBaHMEe neppopaTopa, neppounTaTens uAM Tene-
raitra,

- apujueTduecKme M APYyrue Oneparus.

Ha ocrHoBe MOHMTOpa TJaBHHH IIPOrpaMM IKCREPHMEHTA BHMOJIHAET HAaNpMMED TaKKe
$ynxoEa, xax

~ CYMMMPOBAHNE

~ YMHORGER®

- ReneHne

- CHBAI B AXanaacye 256 KaH&A0B

CMeKTpoB.



Taxuu o6pacoM ¥MeeTcs BO3MOXHOCTE YNDABNEHHA AHANR3ATODOM R MpeABADHTEIBHOU
oCpaCoOTKM J8HHEX HA NMPOCTOM YD3BHe (M3HUECKOr'o HKCMEPEMEHKTA C DOMORED MMKpO-JBM,
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*’anual and External Programmable Crate Controller Type 3312

J., Pothig, P. weidhase
Technische Universitdt Dresden, Sektion Physik, DDR-8027 Dresden

The development of the crate controller ty: 3312 was atarted from the follow-
ing aspects /1/:
- Tne remarkable international progress of microelectronics gave the possibil-

ity to automate more and more processes. For work with CAMAC systems this
implies to apply conputers in measurement, for service and testing purposes.
Such computers have a various size, tney can be placed into or out of the
CAMAC crate. Therefore in future crate controllers are needed, which are
able to be controlled by external computers, by crate-internal computers
or/and for using in service to be controlled by hand,

Crate coniroller, indicator of dataway signals and parameter input switch
regigster are essential components of any CAMAC system using in measurements.
The concentration of these functions into one module offers lower aardware
expense (e.g. only one AF-decoder necessary) and saving plug-in station
numbers.

Combined modules like the crate controller type 3312 can be used without
any modification in CAMAC configurations of different size.

Therefore, the manual and external programmable crate controller type 3312
performs foliowing functions, generally realized as separate modules:

1.

2.

3.

5.

Single-crate controller as connection between CAlMAC crate dataway and the
control unit using a parallel datatransfer controlled by handshaie signals.

Manual controller to do service and development tests without additional
computer, with several possibilities for triggering and indicating.

kinimal controller in a CAMAC crate, which contains more than one control-
ler using tne Auxiliary Controller Bus /2/. This minimal controller has the
task to supply the dataway N-lines and to lead the L-lines signals to a
LAM-grader and to the auxiliary controller,

Display of dataway signals to support test programs and to monitor dataway
operations. Separate storing and indicating data of the dataway lines is
available.

Parameter input switch register, which is coupled to the input-W-register
due to the function of a controller. Data can be transfered from tnis reg-
ister to the dataway W-lines and to an extermal computer using the paralle:
interface.

In the following, some possibilities to use the crate controller type 3312 are
summarized showing the flexible application.

1.

2I

The CAMAC configuration consists of one crate, the crate controlier (CC)
type 3312 and the modules (M) needed for the measurements (see lower part
of fig. 1). The crate controller type 3312 ir us9?d as & manual controller.

The configuration built into the crate is far away controlled by a computer .
(KRS 4200), The connection bet ~=n comouter anc crate is realized by CAWAC
1ink modules (L) type 1470 or iype 147) /./ (fig. 1).
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3, The crate is cotrolled by a computer (MPS 4944) placed near the crate using
tre SI 1.2 interface. Software problems of such configuration are spoken
about in /4/ (fig. 2).

4, The crate is controlled by the external computer (MPS 4944), but there is
a differences to print 3, a far-away standing computer (KRS 4200), which is
connected to the system by CAMAC link modules (L); this represents a hier-
archical computer system.

5. No external computer controls the crate, but an internai one, e.g. using an
intelligeat auxiliary contreoller, for instance the AMCA 80, developed 4in the
Central Institute of Electron Physies /5/.

6. The last application, which is to be mentioned, represents the combinaticn

of all these described possibilities (fig. 3). This means, tnat a computer
system.consisting of three computers would be realized.

At last; a special application of the crate controller type 33i2 is mentioned,

where a far-away controlled multichannel analyzer based on C&MAC'instrumenta-

tion was built (fig. 4). The configuration consists of a minicomputer TPA,
which is connected to CALAC by a special controller (CC), a display driver (D)
with a display and a link module on the one side. On the other side it consists
of the CAMAC multichannel snalyzer, that measns a analogue-digital-converter,

a memory and & timer-scaler. At measurement, there was a cable length of about

100 m between the two parts of tne system,

fne aim of testing thia configuration was to get experience with a far-away
controlled CAMAC system; the results confirmed the function of tne controller.

/1/

/2/

/3/

/4/

/5/

Pothig,J; wWeidhase,lF: .anuell und extern steuerbarer Crate Controller
3312
Preprint, TU Dresden, 1979

Multiple Controllers in a CAllAC~crate
Report, BURATOE EUR 6500, 1978

Weidhase,F; Borkenhagen,il; Faulstich,x; illekmann,S: Anwendungsmdg-
lichkeiten und Konzeption des seriellen Link-liioduls 1471
Preprint, TU Dresden, 1979

Enghardt,W: CAMAC-Monitor fiir den likrorecnner iPS 4944
in; Diploemarbeit, TU Dlresden, 1979

Beuchel,T; Lingertat,J; Messing,G; Starepravo,A: Basic Design Consid-
eration to a Multicontroller Configuration in a CAlAC-crate
Preprint, ZIE Berlin, 1977



CAMAC - SOFTWARE POR THE KRS 4200 MINICOMPUTER

W. Grinm and W, Meiling

Technische Universitdt Dresdem, Sektion Physik, DDR - 8027 Dresden

Some work has been carried out to develope CAMAC instrumentation adapted to a
ERS 4200 minicomputer and to provide software for the CAMiC control in nuclear
pPhysics experiments Iﬁ] . The main purpose of this work is the improvement of
the efficiency and accuracy of the measurements. For this, the following
features have to be considered:

1. Computer aided control of the whole measurement including periods to ad-
just and test the devices.

2. Cn-line data processing and evaluation.

3. Increasing quantity of data, which are to be checked and stored, and re-

quirements on data

4. High reliability of data processing and controlling the arrangerments

processing.

in-

cludipng the long-term stability by the use of specific programming

techniques.

5. Pacilitation to realize the comsurication and dialogue between trne opera-
tor and the measuring equipment.

Table 1: Comparison of some programming languages referring t

~oe KRS 42CC

SYPS 8200

CAllaC 420G

notation of
application

~-assembly language

3YPS 4200; appiication
for CAMAC control, data
processing and numeri-
cal analysis with very
high effort by

-cizh-level prcgrazming
lanyuage C-MAC 4200;
comfortable description
for CAMAC contr .1 and
CaMAC data processing
operations,

programs programmer some facilities to
and -applicaticn programs define numerical
—_— with optimum execution analysis ) 4
processing times and memory -high execution spee
efficiency programmable of CAMAC control and
CA¥AC data processing
-compiling, editing, and
debugging with high
effort by operatcs:
-reaction time for -reac%ion time for
real-time CAKAC-lo0k-8t~me CAXAC-look-at-me less
conditions (programmable) down to then 300 microsecond
10 microsecond
-use only for special -use for application
Lecommendations application programs prograns with some
for use CAMAC processing

instructicns and a
small part for
numerical analysis




%hat are the requirements to the software for measuriLg programs running
oc an on-line coupled minicomputer like KRS 4200 type equipped with Calkac

process periphery?

~The development of CAMAC-application programs must be based on a high-level

prograaming language. In this way, the operator ist able to define his
specific measuring problem as a computer program. Not only coafortable
expressing possibilities, a well defined syntax structure, statements for
real-time processing and interrupt handling, but also extensive compatibi-
11ty with well-known programming languages such as FORTRAN, ALGOL, P11,
BASIC or PEARL are important. Cn the other hand, this would be helpful to
support understanding and documentation of tested programs and to enable

progran exchaage.

-The defined measuring algorithm has to be transferred in a machine-running
program for the XR3 4200 minicomputer by use of programming aids which can
be tandled easily. Of course, it is desirable that the user must not know
sinicomputer hardware details or details of program work referred to the

interface uanits.

-To realize an effective application of any computer aided measuring
arrangement it is necessary to include debugging facilities and

minicomputer

PORTRAN 42CC

FORTRAN (FGBS) 420C

BAS:IC 4200

1ata processing

-compiling, editirng,
and deougging
with a moderate effort

-high-level programming. ianruzce FCETRAN
(subset of Basic PGRTRAN);

efficient and comfortable descripiion of
numerical anslysis, subroutines ard
functicns for Cisal control and CAFAC

~coxnfortable compiling
and editing
data processing with
extern memories (mag-
netic tape stores and
magnetic drum
pemories)

~high-leve: prograzming
language BASIC; ucifi-
caticn of all tone sys-
ten functions imcluding
editing, running,
debugging, filemanege-
mwent in the corerent
language, extended by
the introduction of
statements for CAMAC
control and CalaC data
processing, interrupt-
kandling and real-time
operations

~interactive pregramming

~debugging facilities

-no facilities for processing
cf CAMAC-100k-8t-me

-reaction time for
CA¥AC~look-at—me
about 1 millisecond,
real-time operations

numerica

-use for applicatién Tygrams
roquiring conadiderable amount of
datas processing

-is qualified for most
applications
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a comfortable detection system to find out erroneous function of the pro-
coss periphery.

-The execution time of commands must satisfy the requirements on real-time
data processing, especially, if high data rate is to be stored.

Table 1 shows a summary of recently realized or projected software systems

of the KRS 4200 minicomputer, pointing out their advantages and disadvantages.
The programming systems listed in table 1 are described in references[?,3,a].
The programming system BASIC 4200 is under developements.
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REAL-TIME BASIC -
PRINCIFLES AND IMPLEMENTATION POR KRS 4200 MINICOMPUTERS

¥. Grimm
Technische Universitit Dresden, Sextion Physik, DDR - 8027 Dresden

P, Hoffmann
Ingenieurhochschule Dresden, DDR - 8019 Dresden

Abstract

A specisl programming systea for the KRS 3200 minicoamputer with CAMAC peri-
phery is described. The programming language BASIC hss been extended by some
types of variables, special statements for CAMAC control commands, CAHAC
read/write statements, interrupt handling and bit msnipulation. Comfortable
programming aids for editing running, debugging, file mansgement allow to
work out application prograes for nuclear physics experisents.

1. The prograsming language BASIC

The Basic language [1] is composed of easily understood statements and com-
mands, it is one of the simplest programming langusge to learn. I% is deve-
loped for the dialogue between user and computer during procduction and test
the prograas. Advantages are:

1. BEach statement line has a line number. You can type the lines ir any or
The BASIC 3ystea stores thex in numeric order by line number. It is
easily possible to delete, to insert amnd tc change statement lines.

2. Most of the syntax errors are notified by the system directly after the
input of the statement line,

3. You can use commands to test parts of the program.

4, The dialogue system can give good support for the test by test commands

The BASIC statements are analogous to the statements of the programming

of

der.

languages ALGOL and FORTRAN. The first both :lements of the statement line are
the line number and a keyword specifying the type of operation to be perforsed.

Additionel elements of the language set are: constants, variables operators
and functions. For example:

100 LET A(I,J )=BrSIN(X) assignsent-statement
206 FOR I=1 10 2wh+" STEP 2 loop-statements

210 B(I)=EsC(I)

226 NEXT I

300 IP X=0 THEN 800 slternative-statesent

200 PRINT "PHE VALUES OP A(I,J) AND E2 ARE: "; input/output-statemzents
410 INPUT A(1,J),K2



2. The extension of BASLC ror CAiLAC apolications

1. Names and types

The original BASIC know onl: variables of numerical type represented by floa-

ting point values., A CAMAC-BASIC language must include also veriables of other
types. In CAMAC-BASIC each name begins w th two letters which characterize the
type. There are the follcwing types:

Variable name meaning length
BSnaae binary short 8 bits
ENname binary normal 16 bits
Blname binary long 32 bits
Flname floating point 48 bits name ::= letter {}1‘1:::“ }
Cinace character 8 bits
CHname CasliC adress 16 bits

Other names are:

FPinsme file
Finae one-line function
FCraze procedure

A vzrianle neme which with less then three letters characterizes a type of
binary ncrmal {if the first letter is I...XN) or a type of floating point.

2. Assicment statement for CaX¥AC addresses

L2 (lname = c-adress c-cddnss:::{g&:gm} [N(n)] ([A(a)]

c: Crate number n: station a: subaddress

3+ Control statement

OCN (CMname) cc-function ce-function: Fb... F15, F24... P31,
mnesonics for crate and
branch comaands

4, Read/write statements

RFAD (CMpame, cr-function) sn-variabls
#RITE (CMpame, cw-function) sn-variable
BREAD ((Mname,cr-function)vn-variable [(from-index-varisble [..to-index-exp))]
BWRITE( CMname ,cw-function) vn-variable [(from-index-variable [. .to~index-exp] )]

with: READ/WRITE for simple CAMAC transfer
BREAD/B#RITE for block transfer

sn-variable: simple variable with a numerical value
vn-variable: vector variable with numerical values
cr-functions FO... ¥7 cw=-functions P16... F23

The from~index~variable indicates befors transfer the first vector element
and a‘ter transfer the last transferred element + 1.
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5. Interrupt handling

You can define the link to a subroutine or a procedure which will be activated
by a CAMAC interrupt.

LIRK (c_addrega) %Sg:is} (1label is a line-number)

The interrupt routine is left by

EXIT (return from interrupt subroutine)
PCEXIT (return from interrupt procedure)

6. Punctions for bit manipulations

ROT(exp) SHL(shift-exp,exp) with: STC: set bit and test its change

AND(exp,exp) SHR(shift-exp,exp)

OR (exp,exp) DBIT(position,exp)

XOR(exp,exp) STC(position,exp) RTC: reset bit and test its change
RTC(position,exp)

exp: expression

7. Global system variables

QCM: Q-semanhore, XCM: X-semaphore and SCM: state of the AS10 branch
driver of the KRS 4200 mini-
computer

8. Example

This simple measuring program controls a CAMAC equipment consisting of five
binary decimal counters which are started and readed out after five minutes
simultinously. The counted results are printed out by teletype.

10 REM MEASUREM SNT WITH FIVJ COUNTERS

20 AND OUTPUT OF THE VALUES OF THE BINARY CJUNTING REGISTERS
30 DIM cMC (5)
40 LET CMC (1)

1]

c(1) N(1) A(O) #FDEFINE THE CAMAC ADDRESSES
50 LET CMC (2) = C(1) N(2) A(0)

60 LET CMC (3) = c(1) N(3) A(0)

70 LET CMC (4) = C(1) N(4) A(O)

80 LET cMC (5) = C(1) N(5) A(Q)

90 DIM M(5)

100 FRINT "NUMBZR OF MEASUREMENTS 2"

110 IPUT WM

120 FOR I=1 TO WM

130  PRINT "MEASUREMENT";I;":";

140 CON (CMC) C2Z $FACTIVATE CRATE Z'BUS

150 CON (cCMC) ENB #ENABLE THE COUNTERS

160 CON (CMC) <C #FCLEAR THE COUNTING REGISTERS
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180 REM START THE MEASUREMENT

190 CON (CMC) CLRCI #F CLEAR CRATE INHIBI?
200 WAI? (0:5:0) #VAIT 5 MINUTES

210 CON (cuC) SETCI #F SET CRATE INHIBIT

220 TPOR J=1T0 5

230 READ (CMC(J), ¥0) IX ##READ COUNTING REGISTER

240 REM CONVERT THE COUNTED BINARY DECIMAL VALUES
250 REM INTO VALUES OF THE BINARY TVPR
260 LET IY = AND('17,IX) + 10 # ARD(’17,SHR(4,IX)

270 LET IY = IY + 1009 AND('17,SHR(8,1IX%)
280 OUTPUT (IY, P(6))
290 NEXIT J
300 PRINT
310 NEXT 1
320 END
Reference:

[1] Specification for Standard BASIC - Bull, Preeman and Garlend
published by: NCC Publications 1973 .
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CAMAC-MONITOR FOR MPS 4944 AND SDK-80 MICROCOMPUTERS
W, ENGHARDT , ZENTRALINSTITUT FOR KERNFORSCHUNG ROSSENDORF

The CAMAC-goftware deecribed in the present article sisplifies the develo t
of vesr-progreas for two microcomputer sys:eas with CAMAC-interfece, whic
exist ot the Section of Physice of the Dresden Technical University.

The first microcosputer i ¢ kit system (SDK-80), which bases on the 8080-CPU,
with 1.75k byts RAM and 4k byte ROM (PROM). The CAMAC-interfece ie ¢ specisl
brench driver 1) for meximum three crates including s crate controller Al1. The
second microcoaputer ie the sodulsr systes WPS 4944 fros the Central Institute
for Nuclser Resesrch Rossendorf, aleo with s 8000-CPU, which msmory-size depende
on the systea configurstion. The interfece between sicrocosputer and one crste
controller 3312 Ref. 2) ie @ hendsheke systes eccording to the G.D.R. standard
interfece SI 1.2. The user communicstes with the microcoaputere by using o
teletype for SDK-80 snd e typewriter or an elphanumerical diepley for MPS 4944.
Esch microcosputer ie supported by s system-sonitor of ebout 1k byte length 3,4).

The CAMAC-monitor hed to fulfil the following desends:

~ Developsent of sssesbler prograss for CAMAC-epplicstions should be the seme
for both microcomputers, that gfesns, 8 progras tested on one systes should,
without chengee, aleo work on the other one.

- Subroutinee of system-sonitore should, se fer s poseible, be ueed by the
CAMAC-monitors.

The length of the CAMAC-monitor is 1k byte for SDK-80, snd 1.25k byts for
MPS 4944.
Functione of the CAMAC-monitor:

1. Input of CAMAC-instructions in their cosputstion sequence in e dislogic mode
snd errenging thea in @ sesory teble controlled by s pointer. The ssme i
done for the sourcee of interrupte (LAM)., Additionslly the user hes to
provide tebles (eleo controlled by pointers) for reading and writing dete.

2. Initslizetion of the CAMAC-crasts snd the interface wnit,

3. Exscution of CAMAC-instructions by & subroutine, which detarsines the statue
of the interface unit, orgenizes dets trensfer, snd tests the signels Q, X,
snd specisl hendsheking signels. The sxecution time of one CAMAC-instruction
is m/uo eoe 350/00 for S0K-80, snd w/uo cee 600/00 for MWPS 4944.

4. LAN=-hendling s
The (AM=pettern 1ie divided in eight bite for Exprese~-LAM (bit 24 ... Dit 17),
1.0., oach bit 19 biwniquely connected with one LAM-geurce. The bite 16...1
of the LAN-pettern are dedicated to ored LAM,. In this cese sny number of
LAM-gources con be ored on esch bit, and the progres fdentifiee the inter-
rupt source by weing the F(8)-instruction.
The minisus tise between the srrivel of the LAM fros the CAMAC~crate end the
execution of the firet instruction of the interrupt-subroutine ssounte to
44,“ for SDK-80, and 345,0. for NP8 4944.

s, Error hondlings
The evente X«0 or sieeing the excepted hendsheke eignals after execution of
the CAMC-deteway cycle ere fellewsd by en error meseege, inclwding the type


http://350.ua
http://6vO.ua
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of error, the incorrect CAMAC-inetruction, end ite eddress in the inetruc-
tion teble. After thet the computer weits for new user-comssnds.

The following example illustrates the usags of the CAMAC-sonitor:

We assume, that s counter is locsted at the stetion N(3) of the craste. The
progrem hes to solve the following tasks: set counter ststus word, stert
counting, etop counting after s certain time, end transfer ths content of the
register into the memory of the sicrocosputer.

1. Prepsring the systes by dislogue with the computer. Note: The underlined
cheracters sre to be written by the user.

0500

INADC: 14100

ADDR: 1100, N: O3, A: 11, F: 17, Q:
ADDR: 1102, N: O3, A: 90, F: 26, Q:
ADDR: 1104, N: O3, A: 00, F: 24, Q:
ADDR: 1106, N: O3, A: 00, F: 02, Q:

-
b
o

- -

»

(1] [ 1]
1= 1
I 17 I |7

-
o
(1}

The firet line is the cosmand, which starts the progras, in the second line
the computer demends the first addrees of the instruction teble, in order
to set the pointer. In the following lines firgtly the current content of
the pointer ia printed, then the user has to write the C (for SDK-80 only),
N, A, snd F of 8 CAMAC~instruction, By the cheracters "T" end "-" respec-
tively the user can invoke the program to test or not to test the signsls Q
end X. The input of the inetruction list is terminated by writing a space.

2. The sxecution of describsd CAMAC-instructions is pervtormed by the following
sequence of assembler inetructions:

INAD : DW : CAMAC=1inetruction tsble.
INAR : DW 5 (NAF = 3, 11, 17), set counter stetus.
ow ;s (NAF = 3, O, 26), start counting.
ow ;: (NAF = 3, O, 24), stop counting.
DwW ; (NAF = 3, O, 2), read snd clssr register.
: ;s further instructione.
ROAT ; DW ; table for deta to be read.
L
RDAR : DW ; 24 bit dets to be
(4] -] s read fros the countsr,
[ ]
L ]
L]
WAT : DW s tabls for dsta to be written,
L ]
[ ]
[ 4
WDAR 5 DW 1 24 bit counter
[+] ] ; atatue word,
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initislize crate end interfece wnit.

loed pointer INADC

with sddress INAR,

lesd pointer RDADC

with address ADAR.

lead poimter WDADC

with sddrecs WOAR,
exscute (NAF = 3, 11, 17)
exscute (NAF = 3, 0, 26)
woit for a certeis tise.
oxecute (NAF = 3, 0, 24)
sxecute (NAF = 3, 0, 2),

The described CAMAC-sonitor wes used to perfors sn optimizatiun of the beens
current of a 150 keV particle accelerstor, to reslize a aicrocomsputer ccntroll-
od sultichennel-snalyzer for (n,n',)-oxpou-onto. and to support the develop-
ment of newm CAMAC-sodules 5).
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RECENT RESULTS ON 14 MeV ACTIVATION CROSS SECTIOK MEASUREMENTS
FOR SHORT JALP-LIFE REACTION PRODUCTS
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Abstract
Activation cross sections for the reactions 28Si/n,p/28A1 /TI/2=2.31 uw/,

2931 /n,p/2%01 /Ty /=66 /, 3Tc1/n,p/ s /T /5=5-06 u/, 3701 /n,e/ 34 /11 p712.4
s/, 23Na/n,u/zc’F /TI/2-II.4I s/, 34S/n,p/34P /T1/2=12.4 s/ have been measured

by using the mixed powder method. A fast pneumatic sample transport system /with
transport time of about 1 sec/ was used. The ¥ -rays were detected in a low back-
ground measuring place by Ge/Li/ detector. The measured cross sections are:

234 £ 15; 104 85 34 % 3; 26.3 % 1,9: 1112 9, 72.4 £ 5.2 mb respectively. The
results will be compared with other published data.

I. Introduction

There is & large number of 14 MeV neutron cross-section data, which were
mostly meaczured by the sctivation method. However, large discrepancies can be
found emo.ag the results published by different authors. This is especially true
for reactions with second or minute-range half-life productsl4’1 .

The aim of this paper is to present some recent results on 14 MeV neutron
activation cross-sections, We investigated reactions which produced activities
in the minute-second range. The measurements were made by the mixed powder
methodle/ using fast sample transport system and Ge/Li/ ¥ -ray detector in a low
background measuring place.

2. Experimental procedure and calculaetion
of the cross section

The block diagram of the experimental set-up is shown in fig. 1.

The fast neutrons were {roduced by the usual 3H/d,n/4He reaction by a ne-
utron generator of NA-2 type 9/.

The samples were powders in cylindrical polyethylen boxes /@ = 2 cm/, that
were placed in O°, 7 mm far from the tritium target. As the deuterons were ac-
celerated to 125 keV, the energy of neutrons incident on the sample was
14.6 £ 0.2 Mev,

The samples were transported by e pneumatic rabbit system to & low back-
ground meaauring place. The transport system used 3 at pressed alr in a tube of
12 m length and of 2,5 cm diameter.

The typical transport time was about 1,2 sec. The positioning of the sample
wag better than 0,2 mm22/.

The gamma rays were measured by a coaxial 52 cm3 Ge/Li/ detector with an
energy resolution of about 4.5 keV /FWHM/ at 1332.5 keV. The detector was in-

stalled in 8 lead cube of 80 cm side length and 5 cm wall thickness.
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The background was about 50 counts/sec over 50 keV.

TPA-1001-T —-—‘-[DISPLAY

AMPL. OcK REG | REG
MPL. TRANSPORT
CONTROLLER NTE|

) ULSE
GefL) CEN [rONTOR)
H V.

ISUPPLY VALVES A

Pig.l. Block diegram of the experimental set-up.

The signals from the detector were fed through the preamplifierand spec-
troscopy amplifier into a CAMAC-type 4096 channel ADC. The data were collected
by a 16 K computer /type: TPA 1001/I/.

The computer controlled the whole procedure: irradiation, transport of
sample and data taking. The parameters of the procedure /irradiation time, mea-
suring time. etc./ could be chosen a5 the input data set of the control program.
In addition, there was a possibility to repeat the measurement cycle many times
if the statistics made 1t necessary,

For the stabilization of the spectrum two high precision mercury pulse ge-
nerators were used. Pulpes from these generators were added to the first and
the last some channels of the spectrum in the following way: the smaller pulses
were fed directly to the ADC, but the larger ones were led to ADC through the
two amplifiers. The computer periodically looked for these standard signals and
corrected the amplification parameters to make the spectrum stable.

The evaluation of the spectres, the energy calibration, the determinations
of the peak positions, background, peak areas and half-lives can be done semi-
automatically by the computer.

For monitor reactions we used 27A1/n¢x/24Na, T1/2-15 h, § =114.2 + 1,3 mbl/

and 27A1/n,p/27Mg, T1/2-9.48 m, & «73 % 5 mb21/

In all cases the monitor powder was carefully mixed with the powder of ma-
teriel under investigetion. The measurements for the second-range half-life
products were done by using the possibility of periodical repetition of the ex-
perimental procedure. In these cases the cross-sections were calculated by the
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following formule:

6. ACLE —4)‘ [1+) £f"r n'e-Ate
XC(eXT_4 (1+«) €fs 1'n0 -Ate

_(4-,-Xt-‘)(1,¢-li-)Le-(uu) AT (hf)e'xT.k I
") (1-e Kl [T AT (0 AT ]

where C is the total counting number obtained in k cycles; T is the duration of
each cycle; ti’ tc, tm are the intervals. for irradiation, cooling and measuring
respectively in each cycle; £ is the relative efficiency of the detector for the
measured peak; fs is the self-absorption correction factor for the studied gamme
ray; Iy is the intensity /or branching retio/ of the gamma ray; n is the number
of nuclei of the investigated isotope in the sample; o« is the total internal
conversion coefficient for the studied transition; A is the decay constant of
the reaction product:; the comma refers to the parameters of the monitor reaction.
The cross-sections for the minute-range half-life products were calculgted
according to the formulea given by Ref.20. For each investigated reaction four
samples were used with different ratios of monitor and target masses. The re-
sults were obtained by averaging the cross-section values from the independent
measurements, It should be mentioned that for the reactions with second-range
half-life product at least hundred cycles were carried out for each sample.

3. Results and discussion

In Table I. the investigated materials, the product half-life /T1/2/, the
gamma energy /Ey /, the branching ratio /Iy /, the otiainel cross-section are
presented together with results of other authors. The data for T1/2, ET y Iy,
were taken from Ref.2.

The errors quonted in Table I. for the present work contain the statistical
error /less than 0.5 % in each case/, the ambiguity in the relative photo peak
efficiency /~ 4 %/, in the self-absorption correction /&1 %/, the error of
weighing, timing, homogenious mixing ~2%/ and the errors of the used monitor
crogs-sections.

Comparing our values with the results of other works we can see the
following.

For the 28Si/n.p/28A1 reaction tkere are discrepancias among the results
quoted in Table I, The two measuremente with the smallest errors were performed
by the /B.¥/coincidence method. The present result is somewhat smaller., For
29Si/n,p/29A1 we sugport the value obtained by Sioholev and leendik6 .

Cl/n p/ S our result is about the average value of the other refe-
rences.

In the case of 37(.!1/n,d/341>,a large discrepancy can be found among the quo-
ted values, Our result is smaller than all these rexerences. For 23Nl/n,u/ OF
all references before 1970 gave the values larger thean 130 mb, Only the work
done by Janczystynand GSrsky /1973/ gave the vaiue smaller then 80 mb, but with

large error. The present work gives the value o° 109 mb with the smallest error.
T 34S/n,p/34P, the value of 0.15 for I,- which was taken from Ref.17 was used
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Table 1.

The measured cross-seciions of the investigated nuclear
reactions comparing with other date

J Croas-section
. T E I, b= -
Targey Fkeaction 1/2 /kgv 2 3&;: Literature
/mb/ E“/leV/ 6 /mb/jMethod |FRef.
5i0, [*®si/n,p/28ay 2.31 m|1778.8 r.00f234215 4. 8%0.1 |26528 coine] 8/73/
4.7 222212 | B count| 3/67/
14.720.1 | 297214 | P count] 4/68/
Fu.eto.1 269%6.3 Hp—rcoincﬂ 6/71/
i
sio, |%9si/n,p/2d 6.6 wl273 b osts h : d
2 P .6 m .91]104-8 J14.8 147-18 |A¥count} 7/71/
14.8%0.1 |131%14 ¥coing 8/73/
14.8%0.1 |98.5%23 p-veoind 6/77/
cike  {37c1/n,p/%7s | 5.06 m|3102.4 fo.90| 3423 ha.e 21.3%2. ’,rcoun: 9/66/
p4.8 25.521.4 B count| 3/67/
14.8 4224 |p\¥count 7/71/
e |37c1/n,004p | 12,4 s]2128  Jo.25p6 4.9 14.8 2610 | p countro/66/
14.5%0.2 | 112%12 | ¥ countfl5/67/
14-15 36t10 Javerage f1/73/
20 23xa/n,w/2F h1.41 8)1633.1 h.ool11129 |s.1 136214 | ¥ countfr2/66/
14.89 164222 | ¥ counfl3/65/
14 7830 | ¥ counffl6/73/
s B4s/n, 0734 |12.4 o 2128 3 .
, . 0.2572. 4452 14,8 32%8  |Arcount|7/71/
14.9 73t Evemse 5/74/
14 7227 |average §4/71/

by other authors. In this work Ir

was taken to be 0.25 /Ref.2/ which resulted
in the velue of 72.4 mb for the cross~section of the reaction. Therefore in this
cage the average value presented by Pai and Clark /Ref.l14/is supported by us.
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ABTOMATISAIUN JECHEFIMENTOB CO GREPXTOHKOM
BHYTPEHAES MEIEHED HA HAKOINTEXR

B.B.Bolnexoncxnft, b.A.Iasapemxo, A.H.Hxxosesxo,C.I.Iomos
Encraryr sxepuof ¢msmxx CO AH CCCP, Homocmémpex

Amgorammg

Ommcana ABTOMATESAIUNS SKCHOPEMERTAE BA Raxonxrese BIIll-2 AR CO AH CCCP
Ba ocope JBM OJIPA-I325 m wmuxpo-3BM "Jdzerrposuza-60", BEREDUANNAS AMAPATYDY
coopa NBPOIMEIINN C NEAYKINOHEO-XpeSoRiX Xémep MAHETHOTO CIISKTPOMOTPA N CHNO-
TeMy KORTPOLA NIRDAMETDOR ROTERTODOP AHEPHEX SACTEIL.

I. B i@ CO AH CCCP » TeveHNe NOCAGHHNX JXe? NPOBOAATCS SKCUEDEMEHTH HA
SXeXTPOH-NOSNTPOHHOM Haxomurexe BIMl-2 ¢ mONOAB3OBAHNGM CBEePXTOHKOR BLHYTDeH—
Heft vmmeHN. [IOXOOHNE SKCHEDEMCHTH EMEDT DAX NPeNMYRECTB IO CPABHEHED C NC -
DONb3OBAHNEM BHemHel MEEEHW: DABHOMOPHOCTH BOSHEKHOBEHNA COONTEE, BOSMOXHOCTD
PEINOTPANEN MANOIHECTI'CTHYHMX BTOPHIHHX YACTRI, HOAAPN3ANME 2JeKTPOHHOIO HyY-
K& N MEEEHN, BHCOKAA HANPSBACHHOCTH N MOHOXPDOMRTHYHOCTD HYYKa B HAKOINTENE.
Jas NOCTAHORKE JKCIEPDHMEHETOB TpelyeTcs paspadoTKa MHOTORAHARRHOR armapaTyps
H& OCHOBE MHOI'ONPOBONOYHHX Ka&MeP M APYTEX NOXOCHMX NpEGOpPOB. OCHOBHHE pe3yiab~
TaTH B HacToslee BpPEeMA NONYYCHH B SKCIHEDEMEHTE 10 3ZeKTPOBOSCYXICHED AnED,
ofmad CTPYKTYp& YNpABleHHA ¥ ABTOMATH3ANMN KOTODOTO NOKA3aHA Ha DHC. 1,

CEcremMa BRMOYaeT HeRrpaibnyp IBM OXPA-I1325, ammapartypy cnaan[I] , CHO-
TeMy ROHTDOJS XaPEKTEPDHCTHK ICTEKTOPOB AAePHMHX dJacTHR CKAT, ieRTPOHEKY 00—
PacoTRE CET'HAIOB C NOXYIPOBONHMKOB. AeTeKTOopoB (M) 27eXTPOMAKY WLAYKIFECHHO~
~IpefPoBEX KaMep MATHETHHX CIeKTpoMeTpoB (MC), amumrymHO-ImipoBOf npeogpa-
30BaTeNb LA KOHTPOMA DPEXEMOB HAKONRTEAH, CHEKTPOMETPOB ¢ TOuHOCTHD IO [2 .

. [Ips msyueEMm ypomEef amep B peaxmm /e,e/ HEPrus PACCEAHHHX AMeK-
TPOHOB onpefedfeTcsa MO PAIAYCY AX TPAeKTOPHE B OXHODOXHOM MATHETHOM nOJE [ 3],
LA ompeXeleHEA KOTOPOrO Ha NYTH YACTHI NOMEmeHH IBYXROODIEHATHHE MHAYKIMOH-
so~npedfoBue kameps (MIK) m mapa CHRHTELAAIEOMHHX cYeTImkoB (Pmc.2). Jormxa
PadoTH CHEETPOMETPR clexymmad: CErHamN ¢ 93, Bo3HERaDmEe mocje OpoJera
WIeKTPOHA 9epe3 CYCTTHKN,NPOXOAAT Jepe3 AHCKPEMHEATOPH C MAABAKMEM NOPOIOM
(JII) = nocTymapr Ha cxeMy copnamermit CC~I, Xoropas BEpRJATHBAET EMMIYALC
"crapr” nuA BpeMd ImPpoBMX Opeodpasoparesef (BIfI) m omoxa ynpemnemms (BY).
BY sammpaer CC-I m orxpumaer cxexy copnanenxff CC~2 x permcrp PM. CErnams
¢ aEOmHNX mpoponoder MK, cfopmmposanmne B Gaoxe [-I, nomaprca B CC-2 x PM.
[Ipy HAXNYRE cpadarMBAHNA Bcex Tpex xamep CC-2 maer cEruax B BY, Roropuft
dopmmpyer sampoc L (c 3amepxxoft B Bpesa padorw Bifl). B mpormeHOM cxydae
K supadarnpaerT EMIYIRC cdpocanamPImC. CorBax, cHEMaewmue ¢ AMMER
sazepmex (xaromnx maocxocrel) WIK mocie yemienxs x dopumposamma B I moc-
rynaoT Ra Exomy “"cron” Bl

Oo sampocy L or BV xomrposiep TPONBBORRT ONDOC ANUAPATYPN E SAINCH
JAERMX B OyDepEyD nemarh. [locie SANOXNOHNA NAMATE XSDPOPMAIRA MACCEBOM Hepe-
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XaercA B nesrpaniyd M jia xaxsrefimef oOpetorXE N Xpamenms. Facrpoasficrame
cucreati 2 KT, WK NOIBOAMRT ONPERCXRYS MECTO HDORETR IMEETPONE TEPe3 KNOC-

ROCTh Xaeps ¢ TOYHOCTRD 0, . mi. Jim 3Y0I0 BeoCXQMA TORROCYS ESMEDONRE Mpe-
WHHS DO OPOCTPAECHEN CEIMSANCE DO JRNES Sapejaxm xywse 0,5 mc. Jocxoxsxy cre-
smanEocTS BIl CymecTPeRHC XyEe, & TAEEE E3-32 ECOOXONMOCTE YINTHBATD BWee-

HEeHNs 3ajepmexX OpE cuese Gmomom, xadeiell X T.n. EBERCHR ANTOMATWYCCEARR HpO-

BEpEA TPAKfOB C NOMONLD I'eHeparopoB, yrpaBasesux or . Tporpmesm ompexexser
CONpABOYENE KODimIMeNTS LO pesSyXbTarax IDOBEPKN.

i, B pAxe aXCOCPEMEHTOR EOSHNREA EeOOXOAIMOCTH P HOCTOSEAON EKONTPORS
38 SMONETYAAME CEIHANCB, IOCTYISKNRME ¢ CECTeM DeTNCTDRIJIN, 38 BPeMeRusm
CHBATSME MEXAY CETHARAMN. HOCKONBKY UNCAO ITEX CEIHAROB ROPOXLAO BENERO X
BEECeENe roHrpoxmpymmed cxesy B Kaxmull xamax Femesecoodpasac, DeIpadoran
CEAT, B ocHope cxemu CHAT - pEc.3 - JOrmYecKEe * ZHANOTOBHNE ECAMYTETODH B
craApapre KAMAK, koropme moascandr nopumskt: K Bifi ¥ Al seolxoxmuill xamax.
Chacrema mporpaam odecrneumsaeT Nadop COEXTPOB R CpABHeHNe C KPNTNYCCKEMS I~
PAMETTAXE 7RA32FHIME OZeDATopcd OPE 3aLVCEe CECTCMM, 38INCh CIeITPOB Ba Mar-—
HETHHE JECK. BOIMOXKHO IOCTpOeHNEe ADGOIC K3 CNEKTPOB EA 3Kpate XECLes KN
ornedararth £: DZM-160. CrcTesy MONHO ECGOABSOBATH DO JANOMY K2 YANANCE
7oA wacTpofEs JeTEeKTOPOR B KateCTBe MECTORAHaApAOro (o i6K) amesssaToj.:.
b meomvefmex LAg 7BEREICHRR CKOPX.TK HEO0OpA NBlODMAINE B IXCICPEMERTe  De—
TeoppamMe® BTODACHHX CAcTED (L. HA JOKIANSHENX C ISKTDOHOM DACCEesHHHE S
gamngyetn (M0 Rpedtw TR 7 M0 OVEAGY NOARIeIn X MAKDO-ISM " IasexTDOHR-

»53-H"  ~8d), Hopge 3: DEDEMENTH .3) TANRE Iy INE ¥z 350,

iazepactiyra

L)

=

. H.3axparxan, M.M.Kapmmep, 3.A.Fymep, 3,k Jexanesxy x xp. "Yropasacmse
JCEOPETeAbHO~HAKONNTeAbAM Komnsexcas Wi CO AH CCCP npm mossompm JBM.
Tpyrs I BcecomsHOTO COPemEHNA O YUKOPNTeAAM 3aPARCHERX 3acrmr. /Mocxsa
1974/ 7.11, cTp.203, “Hayxa” 1975,

2. Kapumnep M.M., Kynep 3.A., Xegeme» A.B. = fp. "MEOTOKaHIALRES IPCIEINOHE-
HAA CHCTEMA IAS N3MEDOHNS CNI'EAROBR MEXDOBOXHOBOTO XERLa30HA". Cemmmap
"Bonmpocs TeopEN X NPOEXTHpOoBANNA Npeodpasosaresel mmjomarm™. /Kmes
1975/ r.1,crp.11.

3. LK. Burypun, B.A.Zazapenxo, XK.\ Hxxomemxo, C.I.llonos x xp. "Amaperypa

BAS E3YUCHNA DOCCesNEA WOXTPONOB ATOMNSG sAPEME B8 Raxouwrese”, IITJ,

1978, & 4, crp.38.
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