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ЖЕСЕНТ DEVOORtOIT ОТ SKCIAL DCTECTIOH SYSTEMS AT TK VM DC CRAAFF UBOFATORY ОГ СМИ 

H. Liskien , C. Budcz-Jdrgeeset, H.-m. b i t t e r . A. F a a l s m 

Commission of the European Cu—unities , Joiac Research Centre 

Central Bureau for Nuclear Measurememcs. S-2440 Ceel» Belgium 

Abstract 

A measuring programme has been set up by Che C U M Vaa d« Craaff laboratory to determine (a) gas 
production cross sections for fast reactor structural materials ami (b) fission cross sections 
of rare actinide isotopes. In both cases special detection system« had to be developed which 
will be described together with examples of results obtained so far. 

1. Introduction 

The main casks of the CBMM are Che development of nuclear reference macerials and methods, and 
the determination of nuclear data in fulfillment of high priority requests. For the latter task 
a 120 HeV electron linear accelerator is available which (via bremsstrahlung and the (T,n)-proc-
.. s) produces high intense neutron bursts with width» down Co 5 ns. This pulsed ->eutron source 
is mainly exploited by time-of-flight experiments in the resolved and unresolved resonance region 
using flight paths up to 400 a. Fast neutrons are produced (via reactions like Li(p,n), T(p,n). 
D(d,n), T(d,n)) using a 7 MV single stage Van de Craaff accelerator in its pulsed (~ i 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 embrittlemenC of material via the stabilization of 
micro-voids. As the (n,a)-react ions 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 i] . 
Fission cross sections for rare actinide isotopes are needed for fuel cycle strategy and estima
tion of properties of burned fuel elements. Half-lives of such isotopes are very often rather 
short, such that the neutron-induced fission fragment rate is -aany orders of magnitude smaller 
than the a-activity of the sample used. Normally designed fission ionization chambers therefore 
can not be used in such experiments due to pile-up problems. Approaches of СВЯМ Geel to overcome 
this problem will be presented further below ( 2]. 

2. The Multi-Angle Reaction Chamber 

A cross section view of this chamber is shown in Fig. I. Five charged particle detector tele
scopes, each consisting of two energy loss detectors (proportional counters) and эпе total ener
gy detector (surface barrier counters) in a triple-coincidence arrangement, are registering the 
charged particies emitted from thin metallic foils in the c^ntr" of the chamber. All the energy 
loss detectors are combined in two pairs of proportional counters, one pair on each side of the 

2 sample. For this sample we are using a tantalum backing and two metallic foils (- 3 rag/ens ) on 
each side to avoid prompt coincidences from particles created in one half of the chamber but 
passing through a single .sample foil into the other half. This sandwiched sample is mounted on 
>i movable slide which permits to insert different samples: the sample to be studied, a reference 
sdrnpb-, a background position and an tt -source. The пкап observation angles reldtive to fhe in
coming neutron bean are 1-1, 51, 14, 109 and 141'. The aperture (unctions for the five detectors 
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case as a fivefold biparametric analyser. 
The dynamic range of the electronics used is 
insufficient to record simultaneously 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 given 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 
S and 6 even the world's most intense 14 MeV 
source RTNS at Livermore was employed using a 
magnetic spectrometer [ 5) in one case, and 
gas extraction combined with mass spectro-

' 1 
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" » Forror IV and Kneft 
t о Grimet tt d 
• о Ootyo tt ol 
h • this vwk — i ~ 

_ KEOAK 

NMi -.пиоу, Еп (MeV) • 
Fig.4 : Obtained energy- and angle-integrated 

Fe(n,o) cross »«ction» together with 
existing data. 

Fig.4 : The electronics used for the multi-
angle reaction chamber. 

me try [ 6] in the other case. 

3. A Parallel Plate Ionisation 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 considerably improved by using an electrode 
distance longeT than the fission fragment 
range R and appropriate double differentiation 
of the charge signal. 
Part a of Fig. 5 shows the electrodes of the 
chamber and an ionization track forming an 
angle * with respect to the normal of the elec
trode. The time dependence of the induced 
charge q(t) from the ionization electrons is 
shown in Fig.5b. As long as all electrons 
move under the action of the electric field 
towards the collector plate with the same 
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•peed, a signal with constant riae is induced. 
Thi« riae becoaee smaller when the first electrons 
reach the collector (t.) and it becomes aero when 
all electrons have reached the plate (t,). The 
times t. and t, are given by 

tj - (d - R cos *)/v , t, » d/v 

with v being the electron drift velocity. The 
pulse height at time t_ ia given by 

q(t 2 ) • E (J - j coa ») 

/ x • P(x)dx 

with 
t2=200ns 

/ P(x)dx 

i(t>tts*2ns 
ts<ti*st2 

d) 

d t w l 

F-E 

<s h 
Fig. Ь 

where p(x) ia the ionization density of the track 
and E the particle energy. The direction depen
dence can be used to investigate fission fragment 
angular distributions aa explained in the last 
section of this paper. The sharp rise of the 
current pulse shown in Fig.5c depends in principle 
only on the time it takes the fiaaion fragment to 
atop in the gaa; ita height ia proportional to E. 
A differentiation of the current pulse results in 
the extremely sharp pulae shown in Fig. 5d which 
has an area proportional to the particle energy E. 
The ahort width of the obtained pulses ensures 
that the chamber can operate with a high a-back
ground. The ratio of pulaeheighta from FF to 
a-particlee is larger than 12, considerably higher 
than with a normally used ionization chamber. In 
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 ne. 
Using delay line clipping we obtained pulses of 
30 ns width. Although this is on* order of magni
tude more than is ideally obtainable, the chamber 
has proved to operate satisfactorily with a sample 
of 1.6 mg Pu which producea an a-background of 1.5 10 a" 
of the cross section results obtained [ 8]. 
Moreover, to our knowledge, this is the first time that a fast pulse is formed from an ioniza
tion chamber applicable to faat timing (At < 1.5 ns} and carrying the energy information with 
it. 

Part a shovs schematically the 
parallel place chamber with an 
ion track. R is the range of the 
ionization particle, * the emis
sion sngle formed by the track 
..id the normal of the electrodes, 
d the electrode distance. Parte 
b, с and d show the charge, the 
current and the differentiated 
current signals, respectively. 

As an example Fig.6 ahows a part 
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NEUTRON ENERSi' <ri») 

The high energy part of the obtained 
fission cross section of 240, Pu. 

4. The Compensation Chamber with Intrinsic 
Suppression of «-Particle Background 

Even higher a-accivities can be accepted by -
& 

a compensation chamber which has been success- о 
241 fully used for Am. The underlying idea of g 

this detector is based on the fact that the 
ranges of S to 6 MeV a-particles is much 
longer than the range* of fission fragments. 
Fig. 7 shows the working principle of this 
detector. Only the upper chamber is of rele
vance here. It contains a aiddel electrode 
(8 am Al) such that fission fragments moving 
normal to the sample are just being stopped 
in this foil, whereas the 5.4 MeV a-particlea 
will pass the foil and are stopped in 
the outer electrode. Methane 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 Che a-particles create 
nearly the same charge in the two parts 
of the chamber. Hence, under the influ
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 
fragmenrs 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 ma stainless 
steel plate with ~ 1500 holes of 0.5 ma 
diameter, is placed above the sample. 
The typical efficiency of such a collimator is about 13 Z. Further details on this detector can 

241 be found in ref. (9]. Measurements were performed on Am using both the Van de Graaff and the 
linear accelerator. Results are published [ 10, II] . Fig. 8 shows the high energy part of the 
results. 

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

Ionisation Chamber for the Determination of Fission Fragment Angular Distributions. 

Fig. 9 shows the principle of our fission ionization chamber with an inserted Frisch-grid used 
for fission fragment angular distribute 
cathode was given already in section 3: 
for fission fragment angulsr distribution measurements. The charge signal q taken from the 

qca * E (I - | cos «). 

Hence, the pulse height distribution of this signal leads directly to the cos '-distribution of 
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the loo tracks in 
the case of mono-
energetic i<arti-
cles(E,x « const.). 
The situation is 
•ore difficult 
when fission frag
ments are to be 
detected. The 
direct dependence 
on E can easily be 
removed, as the 
anode signal q 

an 
is proportional to 
E. To this end the 
two signals q and 

i : 
< 

* 5 1 *-* 
u 

(Л 
(Л • -. tr • : и 

a 
/ 

' 1 • 

• EXP. 
- CAL. 

2-0 Э» « • 5-0 

NEUTRON ENERGY (MEV) 
Fig.8 : The obtained fission cross section of Am at and above the 

fission threshold, together with a best theoretical fit I 101. q were fed to a 4an 
multiparameter data 
acquisition system, ND 6660, where they 
were digitised and stored event by event. 
At the same time the quantity 

v . , . ! « • 1&ы> . co, # 
4an d 

was formed. There remains the dependence 
of v on x(E,A,Z). Keeping q " E fixed, 
distributions for the v-quantities were 
determined. These distributions were 
found to have a sharp fall at the 
largest values which correspond to 
cos * • 1, showing that the dependence 
on A and Z is smaller than 5 Z. The 
widths of these distributions 4(q._) * x(E)/d were stored, and from the stored events the quan
tity 

Fig.9 : Schematics of a detector capable for angle 
determination, energy determination and 
ns-timing. 

" S O 
*<E.A.Z) 

x(E) 
cos * • cos * 

was generated which yielda the final fission fragaant angular distribution. Up to now the 
method has been successfully applied for 
given in Pig. 10. 

23«, U. Results obtained at 1.6 MtV neutron energy are 

6. Reference» 
[ 1} A. Paulsen, Я. Liskien, P. Amotte and R. Wider a, Proc. Intern. Conf. on Unclear Cross 

Sections for Technology, Kaosville (1979) to be published. 

[ 2] H.-H. Knitter and С •udts-Jdrganaen, Proc. Intern. Conf. on Unclear Croat Section» for 
Technology, KnoxvilW (1979) to be poMiehed. 



13 

( 3) J.С. Hopkins and G. Breit, Nucl. 
Data Tables Л9 (1971) 137 

[ 4] G.P. Dolya, A.P. Klyucharev, 
V.P. Bozhko, V. Ya. Golovnya, 
A.S. Kachan and A.I. Tutubalin, 
Proc. 3rd All-Union Conf. on 
Neutron Physics Kiev (1975) 
part 4, p.173 

[ Si S.H. Grimes, R.C. Haight, 
K.R. Alvar, H.H. Barshall and * 
R.R. Borchers, Phys. Rev. CI9 
(1979) 2127 

[ 6] H. Farrar IV and D.W. Kneff, 
Transact. ANS Я» (1978) 197 

[ 7] Compiled by G. Goel, Report 
KfK 2386/11 (1977) part 1 

8 

23*U Fission Frag. Ang. Distr 
Epzl6MeV 
A0r0967 A2 = 0251 A4= -0.068 

i i i 1 i i » i » 

cos a 

( 8 ] C. Budtz-J#*rgensen and 
H.-H. Knitter, Report BNL-50991 
(1979) 239 

[ 9 ] С Budtx-Jtfrgensen and H.-H. Knitter, 
NIM 154 (1978) 122 

238,, Fig;. 10 : Angular distribution of U fission frag
ment at 1.60 MeV neutron energy. The full 
line represents least squares fit with 
even Legendre polynomials up to A,. 

[ 10] H.-H. Knitter and C. Budtt-Jtfrgensen, ATKE 33 (1979) 205 

[II] H.-H. Knitter, C. Budtz-J^rgenscn and A.S. Jensen, Proc. Intern. Symp. on Physics and 
Chemistry of Fission, Jülich (1979) to be published. 



14 

RECENT DEVELOPMENTS IN THE STUDY OF (n,charged particle) REACTIONS 

S.H. Qaim 

Ins t i tu t für Chemie 1 (Nuklearchemie). Kernforschungsanlage Jülich GmbH, 
517 Jü l ich , Federal Republic of Germany 

Abstract 

Some of the recent advances in the experimental techniques for the study of 

(n,charged particle) reactions ar* briefly described and a short survey of the 

newest results is given. Nherever 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 generally 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, d, 

t. He and He, the emission of protons and a-particles has been more thoroughly 

investigated; the available information in the other c«;es, 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 nt 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 i'°w 

microbarns could be measured [2]. In recent years the technique has been applied 

at Jülich using highly eniiched isotopes as target materials, modern radiochemical 

separations for -.olating low-yield transmutation products from strong matrix acti

vities, and specific and high-resolution counting methods, such as soft B~ ray 

counting in the gas phase, Ge(Li) detector y-ray spectroscopy, Si(Li) detector X-

ray spectroscopy, low-level methods of counting, 4irßY-coincidence counting, etc. 

Radiochemical separations not only enhance the sensitivity of detection of the 

activation products but also facilitate making thin sources for soft 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 \Zie activation products (cf. [4]) and 

estimation of the fonaed tritium by S~ ccuu\.ln in the gas phase [5-8]. 

2.2 Mass spectrometry 

This method involves an off-line identification cf the generally stable reaction 

products via their masses. As far as the (n,charged particle) reactions arc con

cerned, so far the technique has been applied exclusively to the estimation of 

light mass gaseous products He and He, mainly at Atomics International, Cali

fornia [9,10] and Jülich [11]. Whereas at Atomics International the produced He 

was heated out of the irradiated material, spiked with JHe and measured using a 

high sensitivity mass spectrometer in a static mode, in our Institute relative 
3 4 

measurements of He and He, both produced in fast neutron induced reactions, were 

carried out in a dynamic mode using a quajrupole mass spectrometer. Though pre

sently limited in application, this technique constitutes a sensitive method for 
g 

the detection of light mass stable gaseous products and about 10 atoms car be 

detected. The dynamic range of the sŷ i-em is generally 10 , whioh means that the 

intensity ratios of 1:Ю for neignbouring masses can be well distinguished. The 
method, however, has the disadvantage of yielding only integral cross-section values 
so that no information on the reaction mechanism is obtained. In this respect it is 
similar to the activation technique. Furthermore, no distinction is made between 
(n,x) and (n,n'x) type reactions. Nonetheless, the technique has proven to be very 
useful for estimating total ias production in various structural materials 
(cf. [9,10]). 
2.3 On-line measurement of emitted charged particles 
The techniques for the on-lir.e detection of emitted charged particles like protons, 
deuterens, tritons, a-particies are somewhat similar. For studies with 14 MeV neu
trons nuclear emulsicis, thin scintillators (e.g. CsI(Tl)), small semiconductor 
detectors and various types of counter telescopes have been in use in several 
laboratories for quite some time. Recently at Livermore a high resolution magnetic 
ruadrupole spectrometer has been developed (cf. [12,13]) which has been yielding 
uxtensive data on p, d and л emitting reactions on structural materials. Charged 
particles emitted from a thin target are collimated and focussed by a magnetic 
quadrupole triplet lens onto a detector telescope. The quadrupole transports 
charged particles of a given momentum from a specific point on the target to a 
specific point on the detector. By doino moa3urements at various field jradient 
settings it is possible to cover the entire charged-particle energy range, i.e. 
from 1 to 15 MeV, and thus to detect ana analyse even low-energy charged particles, 
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 little investigated. Some work ha& 
been reported at 18 MeV from Warsaw (cf. [14]). Recently at Geel a reaction 
chamber has been constructed [15] for the on-line detection of a-partides n the 
interactions of 5 to '0 MeV neutrons with structural materials. The chamber con-
'.ains five charged particl* -letector telescopes, each consisting of two energy 
loss detectors (propertional counters) and one remaining energy detector (surface 
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barrier counter) in a triple coincidence arrange»* 
with energies above 4 HsV can be «•ally detected. 

at. In this system a-partlclea 

3. it results 
Similar to earlier studies, most of the recant measurement» on (n,charged particle) 
reactions have also concentrated on neutron energies around 14 HeV. The data at 
other energies are still scanty but the situation is Improving. Soma of the moat 
recent results on the emission of various tyi>ee of charged particles are discussed 
balow. 

3.1 (n.p), (n.d) and (n.a) reactions 
The angle integrated cross sections for the emission of p, d 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 Pig. 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. 

I I I I I I I I T I I I I I I I I " " I 
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Energy of emitted portdes (MeV) —-

Fig. 1 Angle-integrated cross sections for the emission of various charged 
particles in reactions induced by 14.8 MeV neutrons on iirferent targets: 
(A 
63 
(A) protons from Fe, (В) a-particles from Cu and (C) deuterons from 
Cu. 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 whore 
(n,n'p) or (n,n'a) reactions are also energetically allowed [13]. 

Using the activation technique we recently carried out extensive studies on 14.7 
MeV neutron induced (n,p) reaction* [16] in various maes 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 Be gas production data for fission 
neutrons as «fell as for 15 MeV neutrons haa been reported fro* Atomics International 
using the «ass spectrometric technique (с'. [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 129*14 mb [17] 
and the magnetic quadrupole spectrometric method a value of 97±16 mb [13]. Using 
the mass spectrometric method a value of 98±6 mb was obtained [10]. Our radio-

58w 62 64 chemical measurements on Tli, Hi and Ni gave (n,a) cross-section values of 
125, 20 and 7 mb respectively [18]. From our (N-Z)/A systematica for (n,a) reac
tions, cross-section values for Ni and Ni were obtained as 52 and 40 mb, 
respectively. Taking into account the % isotopic composition of the various stable 
nickel isotopes, an (n,o) 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
me tics, 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 «-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, usinc, 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) 
сговь section. In the case of (n,a) reactions at 14 MeV and higher energies, more 
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 by the DWBA-calculations, suggesting thereby 
the predominant occurrence of direct processes, probably proton pick-up. 

3.2 (n,n'py and (n,n'a) reactions 
The sequential emission of two or more nucleons L: 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) end (n,pn) reaction его«« Metlou. Though the direct detection 
of emitted charged particles distinguish«* between deuteroas sad protoas. the» 
relative с .-ttributions of (n,p) and (n,n'p) reactions cam be obtained oely by a 
detailed theoretical analysis of the energy and angular distributions of the 
enitted protons. So far the nass spectre—trie technique has not been applied to 
the study of total proton emission. 

The trend in the [(n,d)+(n,n'p)+(n.pn)] cross sections at 14.7 NsV based on data 
measured at Jülich [18] for about 25 target nuclei is show» in Pig. 2 and compared 
with that for the (n,p) reaction [it]. It is apparent that for many light «ass 

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 т-emission sets in. Since in many of those cases the 
proton binding energy is smaller than the neutron binding energy, amission of a 
proton is favoured over that of a neutron. This results in a higher cross section 
for the (n.n'p) process than that for the (n,2n) process. 

Ю3 

Ira2 

8 
s 
b 
s 
1 

Asymmetry parameter (N-Z)A-»* 

Fig. 2 Systematic« 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 
Jülich, that in the (n,d) cross sections on magnetic quadrupel« 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 Fig. 2. For nuclei with Av30 the (n,d) 

cross section if small compared with the [(n,d)+(n,n'p)+(n,pn)] cross section. The 

sequential emission of a neutron and a proton is therefore more favoured than the 

emission 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. 

• i i I — i i i i — p V I I I I I I I • I 



19 

This show* th*t in that mass region th« (n,n'p) and (n,pn) processes are auch less 

probable than that involving the amission 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)] croes 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

niques 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 a-partiele spectra. Our activation measurements at 

14.7 HeV show [1] that in the medium mass region the contribution of the (n,n'a) 

cross section amounts to between lO and IS t of the (n,o) reaction cross section. 

At higher excitation energies, however, the (n,o) 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. 

3.3 (n,t) and (n. He) 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 tritium counting. For 14.6 MeV neutron 

induced (n,t) reactions we reported (cf. [4]) phenon 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 Pr by Csikai and Chouak [20] and our normalized 

value for the same reaction [4], however, are in agreement. Though the cross-

section value for Pr is higher than the trend reported by us [4], the occurrence 

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, He) reactions at 14.6 MeV using extensive radiochemi

cal methods (cf. [2]) . The trend in (n, He) cross sections is similar to that for 

(n,t) cross sections; in absolute terms, however, the (n. He) cross section is by 

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

The (n,t) reaction has been recently investigated at Jülich at high incident neu

tron energies as well (cf. [5,6]). 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 even at high incident neutron 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, 
a 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. 

~ WH 1 1 1 1 1 1 1 1 r1 

ы I I 1 1 1 1 1 1 1 Г 
0 10 20 30 tO 50 60 70 80 90 

m Proton ncnber of target nucleus 12) 

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]. 

3 Our recent measurements on the (n, He) 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 

3 3 
of He particles constitutes a relatively weak reaction channel. The ratios of He 4 to He emission crows sections determined using the two techniques were found to be 
identical and are shown in Fig. 4 as a function of Z. This observation seems to 3 indicate that the emission of a bound He particle is favoured over that of three 

3 4 
single nucleons. The emission of He particles relative to He particles increases 
with the increasing Z of the target nucleus, presumably due to increasing contri
butions from direct processes in the case of (n, He) 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, He) reactions have been studied only through 
integral cross-section 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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sTum or 2 4*I(B.O()2 1I 

«.Trxaeka. S.Barsynakl.KOhmwk, a.Trielnaml.I Ji . ttofci—lca.J.taralaai U « 
and ».taprmnnki 

I n s t i t u t e of amclear Bemearem^haj earn. Poland. 

Abatract. 
Angular d le tr lbut lone of several groupe of alpha partie laa aal t tad l a tha 
гЧк/в.а1рЬв/ г 1Ва react ion have baaa meaanrad at a a n t r a l ensrgy of 18.1 BeT. 
An attempt baa Ъаав aada t o deartbe the 2 W » . o ^ , / 2 1 « » angular d le tr lbut lon 
in taraa of the DWBA. 

Sxperisantai data for /n .a lpha/ raaetiona on target nuclei fro« the e-d 
sha l l ara i n many caeee ineonalatant and tha conclusion» concerning the reac
t ion mechenlaa are often comradictory .In view of t h i s altuatlom «a decided 
to extend our experlnental program for inves t igat ion of /n .a lpha/ reactIocs 
to include target nuclei fron tha 20< A < 30 region.Our choice ware the three 
isotopea of a e g n e e i a a : 2 4 , 2 5 , 2 6 e g . T h e f i r a t experimental d i f f l c u l t i e a connected 

with the use of target a containing aoaa thoriua contamination /which auat have 
been Introduced i n tha proceee of aagneaiun oxide reduction with Th / «ere 
s u e c s s f u l l ; solved when International «tonic Energy Agency kindly supplied 
ua with aagneaiun targeta nanufacturad i n Oak Ridge.In the сьагее of cur aea-
aurenenta tha renulte of the TObingen group l ] cane to our knowledge.Уго* а 
good qual i ty data on tha angular diatrlbutlone a t a reaction energy around 
14 MeV theaa authora concluded that both direct and compound nucleus nacheni 

bare comparable contrlbutlona to / n , X Q / croaa aactiona on the magnesium i e o t o -
paa.7e bare found I t desirable to obtain infomat loca on the nechanlaE of these 

react ions at higher Incident neutron energlea. 
We present hare our f i r a t reaulta obtaiaed for 2 4 « g / n . a l p h e / 2 1 r r e a c t i -

on at 14.1 HsV.A s e l f supporting f o i l of n e t a l l i c aagnealus , lag/cm.enriched 
to 99.94* i n n|g пае bombarded by neutrons fron T/d.n/^He reaction induced 
by 2 MeV deuterona.A e lng le A E V A Eg.E counter teleacope wee ueed to detect 

reaction products and three dlnentlonal data wer« stored event by event in a 
magnetic tape and then analysed off l ine by a computer.Angular d i s t r ibut ions 
obtained for the alpha/ 2 1»» reaction for eeveral alpha part ic le groups 
are shown on f i g . l .The so l id l inaa represent f i t with Legendre oolynoaia le . 

As the f i r a t step of the analys is of the » a c t i o n we пате «ade an attempt 
to apply the DFBA aetbod assuring ths direct pick-up of He cluster.Rare the 
r e s u l t s of ca lcu lat ions are presented for the angular d i s tr ibut ion of the two 
поп resolved alpha part ic le groups correeponding to tha transi t ions to the 
ground 3/2*and r l r e t excited 5/2* s ta t e s of f ina l nucleue.The a l l e wed bound 
s t a t e s of tha He c lus ter and tha Re core forming the Xg nucleus ara 2D-» ,-
and 2Dc/2 resu l t ing In the angular aomentua transfer L«2 and J«3/2 or 5/2 
respectirely.The bound s ta te ware functions were calculated asslgenfunctions 

of real Saxon-Woode potential with tha depth adjusted to reproduce the separa
t ion snsrgy of -TU and gsoaetr lca l paraasters.as commonly uaed.R*i.25/A 

sitf «0.65.As no experimental data on the n- *Mg e l a s t i c scat ter ing at l^.iHeV 
ar'i ' .vailabia, tha opt ica l modal potent ial in tha entrance channel has been 
taken in tha form given by iM.leore and Hodgaos [ 2 ] 
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We have cheoked that this potential provides a good fit to the 14,6 MeV elastic 
scattering data of Bjorklund at al. [з] . The «zeit channel optical potential 
has been taken with the parameters obtaixmed by England et al [4] from the 
analysis of the «- 2 0 I . elastic scattering data at 20.2 MeV. 
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Optical model parameters used 
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transition 
curve 

range DWBA 
calculation. 

.2 .«Angular distribution of the trau 
up dirUg/n.<x0J21V9 at 18.1 KaV. The 
resent the result of a finite - rax 

The DWBA calculations have been performed using finite - range DWBA code LOLA 
[5] . The results of calculations are compared with the experimental data in 
fig 2. The normalisation as ehovm in fig 2 has given the value for spectroscopic 
factor of S/2*Mg - 3He+21He/ equal to 0.22. A rather good agreement of the 
experimental and caIsolated distributions may suggest that the 4Hg/n.oc01/ He 
reaction direct effects play an important role at En»1G MeV. 
We are greatly indepted to the International Atomic Energy Agency for supplying 
us with targets of separate«* magnesium isotopes. 
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MLASUREMENT OF 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 für Radiuniforschung und Kernphysik der österr. Akademie der Wissen

schaften, Wien, Österreich. 

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 with special emphasis on obtaining reliable and 

accurate neutron production cross-sections in the low energy region (0.3 - 1 MeV) 

An overall accuracy of 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 lew 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 secondary 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 predictions 

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 

or. iron at our institute /7/ did not show any indication for abnormally high low-

energy neutron-production cross-sections. Therefore new measurements have been 

performed at our institute to determine those spectra for a large number of 

elements. 

&77Л Sample 
р я д Pb-Shield ßSS Photomultiplier 

РЯДЯ NE 213 • • Apertures 

Fig. T. Experimental bet-up for measurement of the angle-integrated low energy 
parts of the secondary neutron spectra from the interaction of 14 MeV neutrons 
with nuclei (Tritium target is located in the center of the 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 1 ш by means of a NE 213 (1.5 x 0.5") sdntillator.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 crlier /8/ the application 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 neutrons and th«* neutrons from inelastic scattering and (n,2n) 
reaction are detected simultaneously in the NE 213 detector and thus absolute 
production spectra can be derived directly from the measured time of flight 
spectra, the target sample geometry and the energy dependence of the detector 
efficienrv. The latter is determined at low energies (0.3 - 6 MeV) by means of a 
252 

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

zatior. chamber containing a Cf source. The special low mass chamber developped 
in this way exhibits a time resolution of about 0.5 nsec and an efficiency of 
about 99% for detection of fissicn products /9/. For 14 MeV neutrons the scin-

24 
*_ liator is calibrated by means of the well-known M(n,a) activation cross-
secti.cr.i. The raw tiT.e of ilight spectra were analyzed and transformed into ener
gy differencial cross-sections in the followirg way: 

',) Eli-..nation of -,-induced c e n t s : 
r-mduced events were eliminated with minimum loss cf neutron events by ad
mitting only pulses on appropriate region of the E ..-PSD plane. All 

лгл i GCOli. 
spectva including the Cf calibration spectra were treated ir. exactly the 252 same way. Thus the efficiency determined with the Cf 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 included. 

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

3) Background subtraction: 
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 average of the background spectra measured before and after 
the respective measurement. In this way the effect of build-up of DD 
neutrons in the target is essentially eliminated. Background npectra arc 
renormalized relative to the samplo-in spectra by means of the: intensity in 
the 14 MeV time of flight peak taking into account the s.-nal] (1 - 3*) con
tribution of elastically scattered neutrons to the 14 MeV peaks in the 
s<iiPp]c-i.n ujectra. The above pro'^jdur'" ücsurrc- tha*: the )>--.c*kgrour/l can hr. 
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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 frotr 
one of the apertures (see figure 1). 
Fig. 4 shows the resulting background-subtracted in time of flight spectra (dif-

252 
ference between Fig. 3b and 2b) and Fig. 5 shows the Cf 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 с M(E) using the efficiency values derived from the 
252 

Cf experiment for the secondary neutrons and the 14 MeV efficiency value. The 252 result of the evaluation of Grundl and Eisenhower /10/ were used for the Cf 
27 

neutron spectra and the values of Vonach et al. /11/ for the Al(n,o) cross-
sections. Corrections for attenuation of the primary and secondary neutrons in 
the sample and for the contribution of doubly inelastic scattered neutrons were 
applied to all spectra. Neutron emission cross-sections о M(E,E') calculated by 
means of the code STAPRE /12/ were used in the double scatt-ering 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 quadratic 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 

252 
of the Cf measurement for the efficiency determination, error of the normali
zation factor used in background subtraction, uncertainty in the used form of 

252 
the Cf 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 thiti way for the elements Ti, Cr, Fe, 
Ni, Cu, Zn, Zr, Nb, Mo, Ag, Sn, Ba, Та, 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 
modnl for the precoirpound part of the reaction and the statistical model inclu
ding full angular momentum and parity conservation for the equilibrium part of 
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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-Creenlees 

/14/ and Huizenga and Igo /15/ were used for neutrons, protons ard «-particles 

respectively. 

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

Gamma widths: The energy dependence of the gamma 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: Precompound matrix elements were adjusted to result 
-21 —1 

in a transition rate of 5.10 sec 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 do show some differences with 

respect to the comparison of the various data the following general statements 

can be made. 

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 - 1 1 ) 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 20%. Fig. 7 for copper shows an apparent exception. In this case, 

however, the discrepancy to the calculated values is probably 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 Cu 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. Hansjakob for doing most of the Stapre calcu

lations and the financial support by the JubilMumsfond der österr. Nationalbank. 
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Fig. 9. Angle integrated secondary neutron spectnm from interactions of 14 MeV neutrons 
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model calculation 
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INVESTIGATION OP NUCLEAR REACTION MECHANISM IN 3.4 MIT-NEUTRON SCATTERING ON 
2p-1f-SHELL NUCLEI 
Mohamed*,A.H.,T.Schweitzer,D.Seeliger and S.önholzer 
Technical University Dresden,GDR 

Absolute differential cross sections for elastic and inelastic scattering of 
3.4 MeT neutrons are presented for V-51,Mn-55,Fe-56,Co-59.The theoretical ana
lysis of angular distributions in the framework of a simple but absolute react
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 nueleus.For 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 ?'Ie7 neutron scattering.Measurements of differential cross section data 
for elastic and inelastic neutron scattering by TOP-experiments have been 
carried out in the last years on 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 have been partially 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 
о*1 their aoplicability.Low level densities in the compound nucleus,low energy 
лрп' ication of direct reaction theories require a careful analysis,and there 
must be strong restrictions in the number of free parameters to get physical 
results.-shind that, such tests can be also of practical importance,because they 
give ir.structions 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 physical 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 emphatically sti
mulated in the last ten years by experimental evidences for direct reaction 
contributions in neutron scattering experiments below H'.eV, 
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 aüditAonal point-not unessentially-is the production of more exact nuclear 
data for Past Breeder and Fusion Reactors.The energy region is of interest,and 

the nuclei of investigations are components of structure,cooling and shielding 

materials for such reactors.We believe,that systematic experiments enable us 

to reduce experimental errors in the most simple way.Some systematic errors 

for example as in neutron source strength or detection efficiency are the same 

for all measurements in such experiments and can be separated. 

Physical results 

The analysis of angular distributions of neutron scattering on nuclei with 

low lying discrete levels fives possibilities to test the comiron idea of reac

tion mechanism '.n the two extremeca3es of either ntatistical or direct nuclear 

*iiow Sairo-Onivereity.Sgypt 
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reaction.In simplification we expect a pure statistical reaction to be syaoe-
tric around 90 degrees in CM-sjrstem contraray to the direct angular distribu
tion »which shows a more diffractional structure. 
Wit:-, this experience and with the exspectatior that direct excitation of lor 
lying collective states gives measurable contributions,we have absolutely 
treasured the angular distributions of elastically and inelastically scattered 
neutrons from a number of 2p-1f-shell nuclei..This shell is a res-ion of vibrati
onal structure of low lying excited nuclear states.what i« easy to see fro« the 
equidistant level spacing for the first excited 2* and 4* levels, 
"л'е have used in our calculations the Flauser-Jeshbach Compound Reaction Kode! 
(HFC)/7,8/with Moldauer-Corrections for level width fluctuations ar.d for the 
direct reaction part DWBA-theory and the Coupled Channels Method(CCC)/9/. 
Applications within the bounds of these models are standard techniques and 
yield a description of experimental data,which is succesfully.lt. our intermedi
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 ar.d 
statistical reaction parts. 

- HFC DIRECT _dJL = dS • _d£ 
d°- dÄ "dlT 

We have .saie the following assumption*, for physical consistency: 

only one set of generalized optical model parameters for ell nuclei an1? for 

all used reaction models, 

ß-defornation parameters from reliable literature values 

We do not fit theory to experimental data.With that .ssumptions we have net 

any free parameter in our theory.We compare our absolute data with an absolute 

reaction model. 

Afew examples are <riVf.n in the following figures to show the quality of anal7-

sis ar.d the usefullnecs of the reactior scdel. 

In fig.1а,о we £ive the low energy nuclear structure of Pe-56 and Co-59 for 
arirument of the coupling modes.The 2+-one quadi-u;.ole-phonon-state(up-state} 

and 4+two qp-state are the first recbers of th* quasi ground state fcar.d in 

Pe-56.'.v'e explain the Co-59 structure to he caused by weak coupling of a '7/2' 

proton-hole to the first vibrational 2*or.e qp-state of the neighbouring even-
even Ni-60.With ar. equidistant level sracing(2+one qp-state At ^»33 ::eV,4*two 

Ü? *".' qp-state at 2.62 :*eV)t.e Si-60 
tot *^ U S 
T "•**• f* -1<ц stuct:ire is larkrlly vibrational 

5* * Л* (fig. 1c).Second 04and 2*-states 
tfi |*ц агь the other members of the 
Vj^^^^^Jr two qp-triplet and heads fcr 3-

fc ЛЛ9 i* 4 » o r p - v i b r a t i o n a l banda.Coupling of 
s!u *'.-/9' ° 2*giv*s J -va lues : 1/2' 

4 €- ''/? 
V — — » A » \ 5/2 , 7 /2 ,9 /2 and 11/2 for exci 

. ted s t a t e s in Co-59,whereat t'-e _ щ • • ^ 
f*r- t~ Ail mean energy value of the f i r - t 2 -
и м ^ \щ M •* •» 8 t a t f t l n B i - 6 0 w i l , Ъ е r p r , c h e (3 l n 

» . \ i g * •• • the frame of weak coupMr./T model. 
fi*r.1 Nuclearaevel sequence of*low ly ing That can rourhly ho seer, a lso from 
excitod s tates for Ie-56 a),Co-59 h) end f i e . i b f c . ? h e direct exc i ta t ion of 
*:i-60 с ) .Jw -vi lu<?s,excit .energies are given ' ' 

http://succesfully.lt
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the quasi grcand state bast i s the seat strongs**»»•• directly coupled states 
can differ in only one quadrupoaT phoaoa aabtr . Ik l s ara the awia suppositions 
of oar coupling sodas. 
For calculation* «a ha*« «sad the following ^oanuter codas: 
RFC-coda SLX3A/tO/,CCC~code CHDCX/il/.WÄl-coee SNOOt/ll/. 
Oar optical potential i s a local potential with lneglnary serf аса part,spin-
orbit part and Vood-Saxon forafactora.Ior a l l calculations we used a irenerali-
sad optical paranetar sat (COMP) / 1 2 / . 
Kxperlawntal and caleulaxad angul ardistribatlons arc show for Fe-56 and Co~59 
in f i g . 2 and f ig .3 

! r ^ 

«V a* I 

• ) Ч-— b) '•» 
Tig.2 Bzpariaant«J angular distribution of elastically (a) and inel»sticallr(b) 
scattered 3.4 MeV neutrons ел Fe-56 and theoretical analysis by incoherent 
superposition of RFC-reaction part and ССС-г-sction part 

i \ 
ccc {*i-—.iri-.vt-f»rm I »•"•»'1 JĴ *ji (*4"-W«l».*»"' « 

* # 
{ t f .-.-.,„. 

TKraal) 
• A c / 

X»»•»,.»# • • • I | 

• • -

• • • " • • • \ * 

•• I ccc 

•1 

• ) 
И 1И • « 

» M M 

ccc 

* ) . <•'»• 
Г1Ж.З Bxparisantal angular distribution of elr.etically(a) and inelastlcallyfb) 
ana сScatter« i neutrons on Co-59 and theoretical analysis by incoherent 
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A systematic error of Щ in normal! za-
tion,which is the same for all measu
ring points,is not marked.Excitation 
energy in MeV and J -values of nuclear 
levels are given in parentheses on top 
of figures.Coupling modes and ß-defor-
mation parameters can also be found 

here. 

The general accordance between theory 

and experiment is very well with regard 

to the very hard demands and the simpli

city of th^ reaction model. 

L 
110 

e) 
superposition 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 contr i 
buting l eve l s . 
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ИССЛЕДОВАНИЯ ВЗАИМОДЕЙСТВИИ БЫСТРЫХ НЕЙТРОНОВ СО СРЕДНИМИ И ТЯШЫМ'Л ЯДРАМИ В 
ИНСТИТУТЕ ЯДЕРНЫХ ИССЛЕДОВАНИЙ. 

И . Я . Б а р и т 
Институт ядерных исследований АН СССР, Москва. 

Аннотация 
Обсуждаются экспериментальные данные о сечениях возбуждения первых уров

ней 2+ у четно-четных ядер при неупругом рассеянии нейтронов низкой энергии, а 
также о взаимодействии нейтронов с энергиями около 17 МэВ с изотопами свинца 
^^Рв и ^ Рв. Показано, что особенности поведения сечений могут быть объясне
ны эффектами промежуточных резонансов. 

С целью поиска нестатистических эффектов при взаимодействии нейтронов с 
ядрами было предпринято экспериментальное исследование неупругого рассеяьля 
нейтронов мегаэлектронвольтной энергии на сферических ядрах. Кроме того, был 
также предпринят поиск промежуточной структуры типа изобар-аналоговых состояний 
(ИАС) в нейтронных сечениях для тяжелых ядер вблизи замкнутых оболочек (изото
пы свинца). 

В.И.Попов и др.[1] измеряли энергетическую зависимость сечений возбужде
ния первых уровней 2+ и некоторых более высоких уровней четно-четных ядер от 
порога возбуждения уровня до нескольких сотен кэВ над ним с разрешением поряд
ка 10-15 кэВ в области массовых чисел 40-200. Сечение неупругого рассеяния из
мерялось по выходу Ь -излучения, сопровождающего неупругое рассеяние Fнитронов. 
Экспериментальные данные для функций возбуждения сравнивались с расчетами по 
статистической теории Хаузера - Фешбаха с учетом поправки на флуктуацию ширин 
({независимые каналы)(рис.1). Проведенное сравнение (рис.2) показывает, что 
различие между расчетными и экспериментальными сечениями для всей исследованной 
области ядер в большинстве случаев не выходит за пределы 30#, если в расчете 
используется оптический потенциал с едиными параметрами. Исключение представля
ли данные для изотопов G* И S e < экспериментальные сечения для которых значи
тельно (до 2 раз) превышали расчетные величины и в меньшей степени для изотопов 
R«yи Pel (рис.3). Никаким выбором потенциала и его параметров нельзя описать 
экспериментальные данные для изотопов QQ, , 5е » | £ * и VJL' с о х Р а н я я возмож
ность такого описания для остальных ядер.С точки зрения статистической теории 
этот результат свидетельствует о корреляции ширин входных и выходных каналов. 

Учет связи входных и выходных каналов может быть решен в рамках обобщенной 
оптической модели. В.И.Поповым и др. были выполнены расчеты прямого сечения ме
тодом связанных каналов для вибрационной модели, а также флуктуационного сече
ния для изотопов G e и З е . Для вычисления флуктуационного сечения в этом слу
чае использовалась методика Хофмана и др.£2}, позволяющая его рассчитать в при
сутствии прямого процесса. Сравнение результатов расчета с экспериментальными 
данными показывает (рис.1), что учет связи каналов в однофононном приближении 
незначительно влияет на величины сечения неупругого рассеяния. Двухфононное 
приближение приводит к хорошему описанию экспериментальных сечений. Силовые 
функции в обоих приближениях описываются удовлетворительно. Вклад в сечение 
процессов, вызываемых связью каналов, уменьшается как с уменьшением, так и с 
увеличением А. Малые значения \^J указывают на то, что в рассматриваемом случае 
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поглощение идет в основном через возбуждение сильно связанных коллективных со
стояний. Вклад прямой реакции в сеченае неупругого рассеяния составляет 30%. 

Характер зависимости расчетных парциальных сечений для отдельных каналов 
реакций от энергии и /к высокая чувствительность к величине действительной 
части потенциала свидетельствует о том, что в данном случае для входных кана
лов с орбит&чьным моментом^ =1 и 2 возникает промежуточная структура сечений. 
Полная ширина этой структуры *« I МэВ. 

Аналогичные расчеты были наполнены для четно-четных ядер с А = 100-120 
(рис.3). Наряду с исследованием сферических ядер были начаты измерения для 
деформированных ядер. Получены функции возбуждения для неупругого рассеяния 
нейтронов с возбуждением первых 4-+ уровней изотопов о т и ' G e l 
вблизи порога реакций. Расчеты были выполнены по той же схеме как для сфериче
ских ядер, с той разницей, что использовался потенциал связи для ротационной 
модели. Учитывалась связь состояний 0 + , 2 + Л + . Наблюдается удовлетворительное 
согласие расчета с экспериментальными данными. Вклад прямого сечения при энер
гии л/ 800 кэВ составляет 5—10?&-

Поиск промежуточной структуры нейтронных сечений для изотопов свинца и 
нейтронов с энергиями 14-18 МэВ был выполнен в работах Б.А.Бенецкого и др.[з} 
и Г.Е.Беловицкого и д р . ^ З -

Рис.1. Экспериментальные сечения 
реакции (и.,к!у) для изото

пов iri. , усредненные по интервалу 
энергии 100 кэВ и расчетные: — в 
приближении независимых каналов, 
+ - в однофононном приближении с 
V/= 5 МэВ,А - в двухфононнрм 
приближении с Vfc = 52 МэВ и W я 

I МэВ,Л-в двухфононном приближе
нии с V*= 51 " " ' "" " 

2 . » • 

Ы>о 
• м 

- ( 1 I ' 
40 50 « О Т О Ю Ю К Ю Н О Я О Я О И О В О А 

Рис.2. Отношение экспериментальных сече
ний для первых уровней 2 к рас

считанным в приближении независимых кана
лов. + - отношения сечений при энергии 
рассеянных нейтронов-100 кэВ ; • - то же 
при энергии 300 кэВ. 

Б.А.Бенецкий и др. измерили энер
гетическую зависимость полного сечения для 
изотопов свинца '-0бРв и 207Рв (рис.5) и 
дифференциального сечении упругого рассея
ния для естественного свинца на углы 45°, 
53°,60° и 70° в интервале энергий от 

МэВ и W = I МэВ. 16 МэВ до 18 МэВ. 
В энергетической зависимое л. полных 

сечений для с и ' рв наблюдаются для нейтронов с энергиям/ 16*8 и 17,2 МэБ особен
ности резонансного характера. Для изотопа 206Рв такие особенности отсутствуют. 
В энергетических зпв''.г--»»остях дифференциальных сечений рассеяния для свинца 
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Рис.3. Экспериментальные • расчетные сечения 
для первых уровней 2 : 

- • -* - расчет в приближении независимых кана
лов; 
расчет в однофононном приближении 
У= 51 M3B,W= I МэВ,\*4= 6 МэВ; 
расчет в двухфононном приближении 
\£ = 49 МэВ, W = I ИэВ. 
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Рис.4. Экспериментальные и расчетные сечения 
для ротационных уровней v 5m я Gd 

ж - расчет со схемой связи Ö t-2>-4+. При 
. V, = 53 M3B,W= 2 МэВ; + + . * 
• - расчет со схемой связи 0~-2 -'+ при 

V = 51 МэВ, W= 2 МэВ. 

также проявляются нерегуляр
ности, положение которых 
коррелировало с резонансные 
особенностями в полной сече
нии. Значимость гипотезы о 
том, что эта нерегулярности 
обусловлены статистическим 
разбросом экспериментальных 
данных в соответствии с кри
терием Стьвдента не превыиа-
ет 10~3 для каждого случая. 

Наличие резонансов в пол-
2(17 

ном сечении для и'Рв находит 
свое подтверждение при сопо
ставлении экспериментальных 
данных с расчетами по опти
ческой модели. Параметры, 
описывающие энергетическую 
зависимость полного сечения 
^ Рв во всем исследованном 

интервале, существенно отли
чаются от общепринятых ано
мально большой глубиной мни
мой части потенциала 
(19,1 МэВ вместо 8,6 МэВ). 
Аномально большая величина 
W для 207Рв кояет быть 
естественно объяснена влияни
ем сильных неусредненных ре
зонансов. 

Ширины наблюденных резо
нансов составляют 190+40 кэВ, 
а отношение упругой нейтрон
ной ширины Г^# к полной , 
оцененное по максимуму резо
нансной части сечения, равно 

^ ^ ^ О . б . 
В связи с этими результа

тами Г.Е.Беловицким и др. [4] 
были предприняты эксперимен
ты по поиску резонансов про
межуточной структуры в реак
ции (71,р) на изотопах свин
ца 2 0 бРв и 207Рв для той же 
области энергии нейтронов 
[*]. Реакции (П,,р) идентифи
цировались по наведенной 
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Еп.М* 

Рис.5. Энергетическая зависимость людного 
нейтронного сечения для 2°6рв и 
tU/рв . Кривые - расчет по оптиче
ской модели. 

Ä -активности, в функции возбуж-
дения для и Рв не наблюдается 
никаких нерегулярностей, кото
рые выходили бы за пределы 
экспериментальных ошибок (рис.6). 
Из этих данных следует, что ре
зонансная часть сечения реакции 
( Л , р ) , если таковая имеется, 
меньше O.Iflj^p = 0,5 мбн. Если 
учесть, что резонансная часть 
полного сечения порядка 100 мбн., 
то можно заключить, что для ре-
зонансов, наблюдаемых в полном 
сечении, П ^ £ о,о05. 

В аналогичных измерениях 
для ^06Рв и интервала энергий 
нейтронов 13,4-15,0 МэВ наблюде
но отклонение от регулярного 

хода при ЕУх= 13,9-14,9 МэВ. Положение по энергии и ширины аномалий согласуют
ся с предположением о той, что они обязаны возбуждению ИАС. Превышение экспе
риментального сечения над монотонный ходом составляет 0,12 мбн., а ширина резо
нанса 150 кэВ. Сопоставим эти характеристики с теоретическими предсказаниями. 
Для ядер в области свинца из опытом по возбуждению ИАС протонами следует, что 
0.1 ^ Гг <• 0,7. Согласно теоретическому расчету работы £.5 3 упругая нейтронная 
ширина для прямого распада ИАС равна 0,08 кэВ. Если теперь в резонансную форму
лу Ерайт - Вигнера подставить значения аи^ин, то получим 0,03 
что согласуется с результатами эксперимента. 

Возможной причиной наблюденных в полном сечении для 207Рв резонансов явля
ется возбуждение ИАС нейтронами. Ширины наблюденных резонансов той же величи

ны, что ширины ИАС 
для ядер в этой об
ласти массовых чи
сел, а энергия воз
буждения 
(24,5+0,2 МэВ) в 
пределах ошибок, 
совпадает с энергия
ми уровней, обнару
женными в реакциях 

<М'Р) 
(24,9-25,0 МэВ) и 
интерпретированными 
как ИАС [6J . Против 
того, чтобы интер
претировать рассмат
риваемые резонансы 

s 0 ^ 0 , 2 1 мбн. 

Е„ ivue. 

Рис.6. Энергетическая зависимость сеч 
( '1 ,р) для <^"рв и гистограмма 

сечений реакции 
Xt 
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как возбуждение ИАС, говорит 5олыаая величина отношения и малая вели
чина ff/r . Больиая величина 'V* противоречит запрету по изоспмну и в 
Ю3 раз больше теоретических расчетов [ 5 ] . Малая величина tf/p противоре
чит экспериментальным данным для ИАС. Кроме того, малая величина *fö* про
тиворечит тому, что резонанс при энергии 25 НэВ не наблюдается для реакции 
(¥,И)> несмотря на то, что "\f» *v IQ2. Следовательно, резонансы, наблюдае
мые для нейтронов и Y -лучей, долены соответствовать разным состояниям ядра 
208 Рв. Таблица 

Возбуждение ИАС нейтронами и прямой 
нейтронный распад ИАС 

П р о ц е с с 

f>4 *а 

&г№ 
']U>*> 
Цмсмо 
*£Pi*K Л&-) 
$><С*.Р) 

У 

lit 
lit 

lit 

5/2" 

5/2~ 

0+ 

7+ 

Г 

I" 

Е.МэВ 

0,555 
1,567 

1,25* 

6,15 

6,15 

4,49 

4,00 

16,6 

16,6 

'и'-.кэВ 

0,009 
4,2 

9,0 

3 

^4,66 

2 0,26 

160 

Г* ,каВ 

0,014 
5 

9, U 

45 

45 

32 

22 

190 

190 

р * 

0,63 
0,85 

1.0 

0,06 

> 0 , 1 5 

£, 0,012 

0,8 

р * 

0,01 

* 0,005 

Ссылка 

м 

м 
м 
[ю] 

м 

В таблице суммированы имеющиеся литературные данные по наблюдению промежу
точной структуры нейтронного сечения, которые интерпретировались авторами как 
возбуждение ИАС нейтронами. Таблица включает все исследованные реакции, но в 
целях экономии не все наблюденные резонансы. В таблицу включены также данные 
по ширинам прямого нейтронного распада, полученные Б.Я.Гужовским [ ю , П ] . Из 
таблицы видно, что во всех случаях, когда наблюдается большая упругая ней
тронная ширина и больиая величина ее отношения к полной ширине, мишенью явля
ется магическое ядро. Исключение составляет ^УИ* • 2® 5 t • В ДВУХ случаях, 
когда для исследованных резонзнсов измерена протонная ширина, она оказывается 
значительно меньше наблюдаемых обычно для ИАС. Для тех резонансов, для кото
рых имеются теоретические расчеты £5J экспериментальные данные больше их от 
двух до двадцати раз. Исключение составляет ядуо 2 0 7Рв. По-видимому природа 
состояний 2°8рв другая чем ИАС. 
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АНАЛИЗ 1ЕСТК0Й КОМПОНЕНТЫ СПЕКТРОВ РЕАКЦИИ дп (п,п) 

A.B. Игнатюк, Г.Н. Ловчикова, В.П. Лунев, O.A. Сальников, С П . Симаков 
Физико-энергетический институт, Обнинск, СССР 

Аннотация 
В райках бсрновского приближения искаженных волн проанализирован интегральный вклад прямых переходов в жесткую часть спектров неупругого рассеяния нейтронов с энергией 5,34 МэВ. 

В последние годы исследования жесткой компоненты спектров неупругого рассеяния 
нуклонов средних энергий вызывают особый интерес в связи с развитием представ
лений о предравновесном механизме распада составного ядра. Модель предравно-
весного распада интенсивно развивалась не только для процессов неупругого рас
сеяния, но и для реакций обмена или передач нуклонов, и во многих случаях с ее 
помощью удавалось достичь сравнительно хорошего описания высокоэнергетической 
составляющей наблюдаемых спектров или соответствующих участков функций возбуж
дения [i]. Однако, при обсуждении полученных результатов остается в значитель
ной степени неясным вопрос, в какой мере достигнутое описание свидетельствует 
о новом механизме ядерных реакций, отличающемся по своим свойствам как от тра
диционного статистического механизма распада составного ядра, так и от хорошо 
известных прямых процессов. Чтобы ответить на этот вопрос необходимо определить 
характерные признаки каждого из механизмов и проанализировать их проявление в 
рассматриваемых реакциях. Для изучении интегрального вклада прямых процессов 
ряд благоприятных возможностей представляет сравнительный анализ спектров (п,п'; 
и (р,") - реакций. Если энергии налетающих частиц и ядра-мишени в этих реак
циях подобраны таким образом, что испарительная компонента спектров соответст
вует одному и тому же остаточному ядру, то проявляющиеся различия спектров 
естественно связать с прямыми переходами. Нейтронные спектры реакций т]п(л,п') 
и **'Gd(p,n) были исследованы в работе [2] при энергиях налетающих частиц 5,34 
МэВ и 6,0 МэВ. Необходимое систематическое превышение несткой компоненты спек
тров неупругоргссеянных нейтронов над аналогичными спектрами реакции (р,я) 
соответствует интегральному сечению прямых процессов - 200 мбарн, и отчетливо 
выраженная асимметрия углового распределения нейтронов, связанных с этой ком
понентой, может служить дополнительным аргументом в пользу предложенной иден
тификации природы данной части спектров. Так как прямые переходы при неупругом 
рассеянии возбуждают в первую очередь коллективные степени свободы ядер, то для 
интерпретации порученного результата важно понять, как согласуется найденная 
величина сечения прямых процессов с имеющимися данными о спектральной интенсив
ности вибрационных возбуждений ядер. Используя традиционные соотношения борновс-
кого приближения искаженных волн и модель слабой связи нечетной частицы с фо-
нонными возбуждениями остова [з], мы провели расчеты ожидаемых для указанной 
выше энергии налетающих нейтронов сечений прямых переходов. Результаты этих 
представлены в таблице. 
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Мультиплет Средняя энергия - б* 
состояняй мультиплета, МэВ |_ /Зс мбарн 

( 2 + # 9/2+J 1,4 2 + 0,18 180 
(3~« 9/2+) 2,6 3" 0,17 43 
(2 +# 2 +« 9/2+) 2,4 0+, 2 +, 4 + 36 
(4+ • 9/2+) 3,2 4 + 0,09 25 

Параметры динамической деформации ß t для рассматриваемых переходов были полу
чены из систематики данных по возбуждения заряженными частицами низколежащих 
фононкых состояний соседних четно-четных ядер [4], и использовавшиеся в рас
четах параметры оптического потенциала были взяты в соответствии с рекомен
дациями работ [5] . Полученная в расчетах оценка интегрального сечения прямых 
переходов ~ 280 мбарн не сильно отличается от приведенной выше эксперименталь
ной этого сечения. Таким образом, вывод о доминирующей роли прямых процессов 
в формировании наблюдаемых "нестатистических" компонент спектров неупругого 
рассеяния, сделанный в работе [2] на основе феноменологического анализа спек
тров (п,п') и (р,п) реакций, получает подтверждение и при теоретическом ана
лизе сечений прямых переходов. Но пряным следствием этого вывода является за
ключение о роли предравновесного механизма распада. Если такой механизм и су
ществует, то его вклад в спектры неупругого рассеяния должен быть значительно 
ниже, чем это следует из оценок, полученных в работах [i]. Механизм предравно
весного распада должен проявляться не в асимметрии угловых распределений, а 
скорее в увеличении по сравнению с равновесным распадом составного ядра анизо
тропии углового распределения продуктов реакции [б]. Поиски такого увеличения 
представляли бы значительный интерес для развития рпедставлекий о различных 
механизмах ядерных реакций. Особенно интересными в этом отношении могли бы 
быть эксперименты по рассеянию нейтронов с более высоким разрешением, с по
мощью которых можно ьыло бы более детально локализовать прямые переходы и изу
чить не связанные с ними компоненты распада составного ядра. 
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МЕХАНИЗИ РЕАКЦИЙ I I 3 , X > , n ' ) I I 3 > > и U,CJ(an)lUJn ПРИ ЭНЕРГИЙ ВОЗБУЖДЕНИЯ 
СОСТАВНОГО ЯДРА ~ 12,65 МЭВ 

O.A. Сальников, Г.Н. Ловчикова, СП. Симаков, A.M. Труфанов, Н.И. Фетисов, 
Г.Б. Котельникова 
Физико-энергетический институт, Обнинск, СССР 

Аннотация 
В работе исследованы дважды дифференциальные сечение Jnln.trj Jn r. iUCcl(p.n)11iJn и на основе анализа их показано отличие в механизме этих реакций. Реакция (п.п') обусловлена прямыми и равновесными процессами. В обеих реакциях при расснатриваемых энергиях отсутствует заметный вклад предравко-весных процессов. 

1. Введение 
Неупругое рассеяние нейтронов может протекать трояко: при взаимодействии нале
тающего не/трона с отдельным нуклоном ядра или с возбуждением коллективного 
состояния (прямой процесс), испускание нейтрона ядром в процессе установления 
статистического равновесия (модель предравновесного распада) и, наконец, ис
пускание нейтрона ядром, находящимся в статистическом равновесии. Соотношение 
между вкладами от этих механизмов реакции меняется с энергией, 3 нааих работах 
[i * З] было показано, что вплоть до энергии нейтронов 14 НэВ всё сечение не
упругого рассеяния обусловлено только двумя механизмами: прямым и равновесным. 
Между тем модель предравновесного распада [*] навла широкое применение для 
описания спектров неупругорассеянных нейтронов. Нам это представляется необос
нованным. Кроме внутренних противоречий самой модели, ее неполноты (сна ничего 
не говорит об угловых распределениях), особенно видны ее недостатки, когда она 
используется для сравнительного описания нейтронных спектров из реакц;;: (р.п) 
и ( п ( п ) . В ряде работ ^5, б ] отмечалось существенное различие secvKO/, части 
спектров и угловых распределений как по форме, так и по величине из реакций 
(р,п) и (л,п'), и наблюдаемое различие ~ в 2С раз больше, чем это преде :азы-
вается моделью предравновесного распада. 
Однако не существовало экспериментов, где бы исследуемые реакции: давали одно ;: 
то же составное ядро. (Подобные работы проведены с л. -частицами и нуклонами, 
нотам сильное отличие может быть за счет большой разницы вносимых угловых мо
ментов). Важно было получить сведения о нейтронных спектрах из разных реакций 
при одном и том же промежуточном к конечном ядре. Для этого было проведено сов
местное исследование спектров нейтронов из реакций *"СЫ(рп) In к ' .,.\(п.п) 
*1i Jn , то есть исследования спектгов нейтронов эмиссий из однтоитого же 
составного ядра Jn* -II*. Начальные энергии протонов и нейтронов был;' выбраны 
так, чтобы в обоих случаях энергия возбуждения составного ядра Зп - ц ц била. 
одинаковой. Исследования были проведены на одной установке а одинаковых экс
периментальных условиях, что существенно повышает надежность сравнения. 
2. Эксперимент 

•ff*., , Л 1П -, f'V ,, . t'i-T 
Исследования спектров нейтронов из реакций ]п(п,п) Jn и Calp.ri) ~>n 

проводились на спектрометре нейтронов по времени пролета на базе тандема 
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ЗГП-IOM [?J. Источником нейтронов являлась реакция T(p,n)Re5. Использовалась 
газовая мимень. Начальная энергия нейтронов равнялась Е 0 = 5,34 - 0,05 МэВ. 
Рассеявателем служил пустотелый цилиндр из металлического индия (8? $37-113 и 
13 %Jn -II5). Дня оценки вклада от>7-115 проводились измерения с таким же об
разцом из 100 %У\ -115. Для изучения спектра нейтронов из veaKmu^Cd(p.n)*13Jn 
использовалась фольга толщиной 58,6 кэВ из 90 %СЫ-ИЪ. Энергия протонов ->ыла 
равна 6,0 * 0,03 МэВ. Детектор (стидьбен с ФЭУ-30) работал со схемой п-$ раз
деления. Относятельная эффективность измерялась по выходу нейтронов из реакции 
Т(р,л)3Не в диапазоне энергий и,5 * 8 МэВ и она абсолютизировалась при измере
ния спектра спонтанного деления Cf-252, (Т = 1,42 МэВ и >) = 3,78). Абсолютное 
значение прямого потока нейтронов определялось по (п.р) рассеянию на полиэти
лене [б]. При выделении из общего спектра вклада упругорассеянных нейтронов, 
форма пп»ч последних определялась по пику упругорассеянных нейтронов на Рв-208, 
который при нааем разреяенни полностью отделялся от пика соответствующего воз
буждению первого уровня (EjYP - 2,6 МэВ для Рв-208). При определении дважды 
дифференциальных сечений неупругого рассеяния нейтронов вводилась поправка на 
многократное рассеяние нейтронов и ослабление прямого потоке в образце, вы
численная по методу Монте-Карло. 

3. Результаты 
Непосредственными результатами измерений являлись дважды дифференциальные се
чения реакций (р,п) и (и.гт) -о/гб(Ео,Е,в)0Е(/вмя ( n n ) K(/*V(Sp,E,Ö)/t/f^ 
для (рп). 

Выбор начальных энергий прото
нов и нейтронов обеспечил 
одинаковую энергию возбуждения 
ядра "Зп -II4 обеих реакциях 
(~12,65 МэВ). Измерения сече
ний проводились под 6-ью уг
лами в интервале 30° * 150°. 
ишибки измерений складывались 
из статистических ошибок и 
ошибок определения эффектив
ности детектора 1~ 3 %). Для 
реакции (п,п') добавлплась 
еще ошибка нормировки прямого 
потока, и, для жесткой части 
спектра ошибка вычитания пика 
упругорассеянных нейтронов. 
Из сравнения р/с. I видно 
сильное отличие спектров ней
тронов из реакций (",п) и 
( f i n ) . Наблюдается так же 
сильное отличие в характере 
угловых распределений испус
каемых нейтронов. 

Р/с. I fc"nev 

*Н 

£ 

|'Г*« 
'!'. ч 

Ш, г.:*'.»-....-' 
»•..»1„'. • (n.nj 

1 . ; ; " 
I : ' 

•• 
'••:. (И 
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Дня реакции (fin) оно сим
метрично относительно 90°, 
тогда как для реакций 
(п,п') асимметрия заметна 
уже для малых энергий. Для 
более наглядного сравнения 
на рис. 2 приведено соот
ношение 
d*G<E..£.3Q*J/ д(Ь(£с.Е isc') 

dede I de <te 
для реакций ( п л ) и (рп) 
как функция энергии выле
тающие нейтронов Е. 

Рис. 2 

4. Обсуждение результатов 
Более жесткий спектр и асимметрия угловых распределений неупругорассеянных 
нейтронов указ^ает на вклад прямых процессов в реакцию (п(г?'), тогда как для 
реакции (рп) этого вклада неблюдается. Поскольку составные и конечные ядра 
одинаковы для исследуемых реакций и энергия возбуждения составных ядер Jn -II4 
так же одинакова, то можно предположить, что форма спектров, обусловленных той 
частью реакции, что идет через составное ядро, так же будет одинаковой для 
об<;их реакций. Тогда, принимая с соответствующей нормировкой спектр нейтронов 
из реакции (р,п) за часть сечения реакции (ntri), обусловленную составным яд
ром, можно по разности полного спектра неупругорассеянных нейтронов и этой 
части сечения оценить вклад прямых процессов в реакцию (»ял'). Это было сдела
но как для каждого угла рассеяния (см. таблицу), так и для интегрального сече
ния. Неопределенность вклада прямых преоцессов не более 20 % т.е. 11,3 - 2 %. 
Полный вклад прямых процессов оказался равным 200 мб, что составляет II % от 
полного сечения реакции СП,"'). Таким образом оказалось, что даже для такой, 
сравнительно низкой энергии налетающих нейтронов (~5 МэВ) вклад прямых про
цессов для реакции (л,п') уже существенен. 

Таблица 

в' 

Сечения прямой реакции (мб/стер) 

30° 

35,5 

60° 

22,5 

90° 

LT,2 

120° 

12,4 

150° 

7,5 

Интегральное сечение 
1721,4 
194,1 

Вклад прямой реакции в % 19,7 14,5 8,3 10,2 9,6 П,3 
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Отсутствие подробного вклада дня реакция (р.гт) покаэнвает неприменимость моде-
днпредравновесного распада, так как она должна давать подобные результаты для 
обеих реакций, пряное же неупругое рассеяние нейтронов осуществляется преиму-
щественно иэиененнеи энергии и направления движения налеганиях нейтронов в ре
зультате их взаимодействия с отдельными нуклонами ядра, а не в выбивании этих 
нуклонов (что треоует гораздо больиего переданного импульса, и, следовательно, 
происходят с иевьяея вероятность»;, н в этом случае отсутствие прямых процессов 
для реакции (р.л; для этой энергии становится понятным. 
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О РАБОТАХ С БЫСТРЫМ НЖРСЯДШ НА ТдВДЕМ- ТСЮР1ТЕШХ ЭГП-Ю 

I . иввит 
Технический университет Дрезден, Сеияия (иэиии, Дрезден, ГДР 

Представлены работы на тнмдем-ускоритехжх, которые проведены в нроамых 10 лег 
в кооперации между ииститу;аии 4SI Обнинск я 17 Дрезден. 

1. Введение 

Цеп представленных здесь работ - исследование механична ядерные реакция с 
быстрыми нейтронами в выходном паяние. Это-аитуальиая задача я в иастоияее 
время. Пря этзм важиун роль играет я получение ядерных данных для приклад
ных пряяененнй. Этя работы были выполнены в последние Десять лет главный образом 
на нейтронных генераторах при энергиях близко х и четырнадцати 1:3 . 

Силами ТУ Дрезден в Россеидорфе и в 4Э1 Обелиск в последние годы были соедини 
воэиохяоети для того, чтобы расаирить эти эксперименты в новые области энергии 
ш gm вошла типов реакций. Ори это« кооперация вежду оСеики институтами,э этом 
году ухе через 1С лет, развивалась в областях экспериментальной техники, сов-
местенных измерений и интерпретаций полученных данных. 

2 . Источники нейтронов 

ХСТОЧНУЬИ дейтронов - тандем-ускорители ЭГП-IC в обеих институтах. В стационар
ном регсле они характеризуются следумцини п&ранетраии: 

2_ накс. - 1С МэЗ 
Л - <2 КэВ 
част. - р, d , « i и тих. ионы 
1„ - 3 . . . Bf*k 

Обе ускорители были оборудованы каносекундиой пульсацией и спектрометрами 
быстрых нейтронов по методу времени пролета. Электронные блоки дли пульсации 
были проектированы и построены в ТУ Хреэден С I ] - Надо заметить, что и другие 
группы используют импульсный режим работы ускорительей в ФЭП к ЦКЯК. 

3. Техника детектирования 

Детектирование нейтронов осуиествляется с сциктнлляцкоиныин детекторами с по-
иоиьпрассеяния на водороде. На основании этого был создан в 4SI спектроиетр с 
одним детектором, который позволяет измерения под углами от 0° до ISO0 с про
лётной базой 2 метра. 

Чс тандеме в Россекдорфе группа ТУ построила многодетекторную систему с 8 де 
текторами [ 2 ] . Схема этой системы показана на рис. I . Преимуиества этой систе
мы состоят в значительно более высокой эффективности и уменьшении оехбок моми
грировании . С другой стороны надо заложить больную затрату при построении, 
естественно, и при содержании в исправности к при калибровке. 
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Рис. I Схема многодетекторной системы (значение 
блоков описались в работе С 23 ) 

Обработка измеренньх спектров происходит ia малой ЭВМ, но для вычисления сечений 
выработана комплексная программа, которую можно использовать и для дискретных и 
для сплошных спектров. 

Одна из задач, особенно важная при использовании многодетекторной системы состо
ит в том, что точно контролировать или измерить разницы эффективности между все
ми отдельными детекторами. Полезно оказалось в последние годы применение источ
ника, который испускает нейтроны из спонтанного деления, как например т { . 
Ферма спектра нейтронов хорошо известна. С помощью регистрации осколков, как со-
пуствующих частиц, можно измерить нейтронный спектр по методу времени пролета. 

Как пример эффективность детектора представлена на рис. 2 в cpfiu-ении с вычис
лением по методу Монте-Карло. 

Для исследований реакций типа (р,п) особенно важно следующие пункты: 
а) Такие эксперименты можно проводить с высоким разрешением энергии во зходном 

канале, это значит возможность исследовать структуры в функции возбуждения 
этой энергетической ширины. 

б) Отсутствие упругого рассеяния дает возможность точного экспериментального 
анализа высоко-энергетической части нейтронных спектров, с другой стороны 
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эмиссия нейтронов возможно для наивысших энергий возбуждения конечного ядра 
из-за отсутствия кулоновского барьера. 

в) Прямые процессы играют значительно меньшую роль относительно равновесных 
процессов чем в случае реакций типа (п | П'). за исключением зеркальных ядер. 

Связано с этим были исследованы следующие проблемы: 
1) Нейтронный распад изобар-аналоговых резонансов (ФЭИ - П 5 1 п , ТУ - 1 0 9Ао), 
2) Исследование энергетического хода плотности состояний для ядер с массовым 

числом близко 100 (ФЭИ - 9*Z,, I I 9J„, I 2 2J„, ТУ - I 0 9 A 3 ) . 
3) Анализ реакции IJB + р (ТУ). 

Q30-

U) 020 

0.Ю 

О 

т 1 г 

- V . 
и 

] 
•*%ЛШ 

J I I I I I 

Рис. 2 Иэнерение эффективно
сти ( t ) в сравнении с вычисле
нием программа EFFI ( • ) 

О 2 4 6 в 10 12 
En(MeV) 

I) В первом комплексе были измерены нейтронные сплошные спектры в резонансах 
для того, чтобы получить информацию о механизме распада изобар-аналоговых 
резонансов. В начале были измерены функции возбуждения для реакций типа 
(р,гх) и (р,р#) на 1 А$ГЗ]. Понятно, что такие эксперименты сопряжены с 
большими трудностями: сложная техника времени пролета особенно при исполь
зовании тонких мишеней (в порядке »4 КэВ) и маленькая разница между спек
трами в резонансе и вне резонанса, потому что увеличение резонансного се
чения только по порядку 30 %. Для двух резонансов измерялись нейтронные 
спектры под углом 80° и угловые распределения. 

Для анализа экспериментального материала дважды-дифференциальное сечение 
разделяется в два члена: 

При этом сечение (dV/dudu) - средняя величина для энергий протонов Е < Е ^ 
и Е_> Е̂ др . Было вычислено соотношение 

V(u) VdAdl » и / / Ndftdui,. ' 
представлено на рис. 3. Как видно, формы спектров значительно отличаются 
друг от друга для обеих резонансов. Кроме того, в рамках экспериментальных 
ошибок угловые распределения измерены в резонансах - изотропны,и при наи
высших энергиях нейтронов. 



53 

V(UJ) 
Подобные результаты были найдены в 
случае In. Как следует из измере
ний, V(U) для 6+-резонанса почти по
стоянно, но в случае 5+-резонанса 
V(U) сильно повышается с ростом U. 
Прямой нейтронный распад запрещен по 
изоспину ( д Т = 3/2). Поэтому пред-
пологалось, что аналоговое состояние 
(Т = Т 3 + I) может переходить в со
стояния компаунд-ядра (Т = Tj), у 
которых тот-же спин и та-же четность, 
что и у аналогового состояния. При 
этим нередко предпологалось, что 
нейтронный распад происходит тогда, 
если возбуждены большое число ком
паунд-состояний. Тогда можно опи

сать распад изобар-аналоговых состояний в рамках статистической теории, а ком
паунд-ядро имеет определенные спин и четность. 
Такое описание в нашем случае невозможно, так как тогда предпологалось, что 
средний спин уровней в конечном ядре I0 Cd уменьшается с ростом Ц. Но из дру
гих работ известно, что средний спин повышается с ростом U монотон. 

Рис. 3 У(Щз двух изобар-аналоговых 
резонансах ядра 

Полученные нам^ результаты показывают, что нестатистические процессы играют 
существенную роль при нейтронном распаде изобар-аналоговых резонансов. Зто 
может быть г прямое распад и предравновеснык распад состояний промежуточного 
ядра. Последнее подверждается и в других работа о структуре состояний в Xd-

2) Измерены нейтронные спектры реакции А$ (р,п) в области энергий протонов 
от 5 до 9 МэВ с шагом 500 КэВ. Кроме того были измерены угловые распреде
ления при двух энергиях, которые оказались изотропными £4]. 
При предположении, что эмиссия нейтронов происходит из статистического рав
новесия, можно применять формулу Вейскопфа: 

dside К.6: P(u) 
IC9 В случае А$ было найдено, что нельзя описать ход функции P(U) в рам

ках модели ферми-гаэа: 

P(U) = 
ЧИ" 

/IIa"* (V-e)w ехр(г|а(1г-$0 ; 
то есть нельзя найти параметры а и б, которые независимо от И и 2_. Из этого 
следует, что в механизме реакций включены неравновесные компоненты или опи
сание плотности состояний ?(U) невозможно в рамках модели ферии-газа. По
этому форма спектров описалась с суммой равновесного и предравновесного 
вкладав рамках экситонной модели. Но это не возможно без противоречий. 
Желалась попытка сравнивать ход функции P(U) с вычислениями из различных 
моделей. Для этого функция Р(и)была нормирована абсолютно с помощью схемы 
.уровне/, для энергий возбуждения С/* 0,65 МэВ. На рис. 4 представлены полу-
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1 - параметризация со формуле 
Р(и) = R *tt/T 4 R«n.vN»e'1.T«a«r*js 

2 - модель Ферми-газа с учетом энергии 
спаривания (•) 
T>(U) = 2U(.U-£1' 

« « * " • (,и-5 ) * * • 
- модель Ферми-газа с смещением энергии ОСНОВНОГО СОСТОЯНИЯGmL ЫЧ-А)" 

4 - полумикроскопическая модель 
(«) о « ЛЬ М» В"* , S- Л.1 М»В 

в » г з t 5 « и.» 
ченные результаты. 
Кривая 4 была вычислена в рамках полумикроскопической модели. При этом учи
тывали реальные одночастичные состояния, корреляция спаривания и возбужде
ние коллективных уровней. 
Как видно, феноменологичное описание моделью ферми-газа плохо описывает экс
периментальную плотность состояний в полной области энергий возбуждения, но 
полумикроскопическая модель дает хорошее согласие. 
Подобные измерения были проведены в ФЭИ на ядрах 1г, Лк и 119 и I2t\Sn. Ре
зультаты из 2г-я и Afc-я согласуют с результатами на 109>Ц• Но для изотопов 
оловы было найдено, что в спектрах нейтронов существует значительный вклад 
неравновесных процессов. 

3) При исследовании реакции П В + р ожидают не только конпаундные процессы, но 
и прямые прецессы обмена заряда. Но описание компеундных процессов в этом 
случае в рамках статистической модели делать не возможно. Поэтому использова
лась оболочечная модель несвязанных состояний для описания механизма реакции. 
Измерения были проведены в области энергии протонов Е_ = 5,4 до 7,5 МэВ с 
аагом 30 КэВ, экспериментальные данные показывают следующие тенденции [5]: 
- переходы в основное состояние несколько раз более вероятно чем в возбуж

денное состояние конечного ядра. Это показывает на прямые процессы, так 
как ядро-мишень и конечное ядро-зеркальные ядра, 

- в функциях возбуждения видно максимумы совместно для различных углов и 
различных каналов реакции, что показывает на компаунлные процессы. 

Оболочная модель несвязанных состояний может описывать прямые и компаундные 
процессы и их интерференции без предложений их относительных вкладов. При 
этом известная оболочная модель расширяется на состояния, у которых один 
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нуклон находится в несвязанном состоянии. 
Заметим, что уже для описания основного состояния *С и I JB надо включить 
конфигурация типа 2р - ЗЬ, но например в случае ^М основное состояние -
чистое Ih - состояние. На рис. 5 представлены результаты. 

TE^MSI 
"Wnlt 

Рис. 5 Сравнение экспериментальных сечений из реакции И В + р 
с вычислением в райках оболочной модели несвязанных состояний, 
(точки - эксперимент, линия - расчет) 

Какие успехи этого подхода можно называть: 
- Абсолыотное вычисление хорошо дает порядок и грубую структуру функции возбуж

дения. 
- Отношение между г^ - и г\л- группами описывается правильно. 
- В случае (р , р0)-реакции даже форма функции возбуждения хорошо описывается. 
Но 
- Вычисление не дает тонькую структуру функций возбуждения. 
Улучшения можно ожидать с помощью включения других каналов реакции, как про
тонных, и более комплексных конфигурацией. 

• 1 
Исследование реакций типа (п,п') началось несколько лет тому назад и до сих пор 
не ококчалось. Такие работы важны для получения ядерных данных, например для 
развития термоядерных реакторов. 
Но с другой стороны из таких экспериментов можно получить качественную я 
количественную информацию о роли равновесных или других процессов. 
Для исследования реакций типа (г^п') используют в Россендорфе газовую мишень 
с помощью Ю-реакции. Таким образом можно достигать область энергий нейтронов ^ 
Е„ » 7 ... 12 МэВ. Средний выход нейтронов под углом 0° порядка 2- ICrU««cj*^. 
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Нейтроны, испускаемые из такой газовой мивени не моноэнергетически из-за 
реакции разрыва дейтона или других причин [ б}: 
а} нейтроны из реакций (ef.n) на углероде и кислороде: при этом эти элементы 

находятся в виде тонких слоев на поверхностях имени, особенно на фольгах; 
б) нейтроны из разрыва дейтона: сечение этой реакции сильно растет при энерги

ях DD-нейтронов выг.е 10 МэВ. 
Зти немоноэнергетические нейтроны то«о рассеиваются на образце и представляют 
собой ошибки в измеренных спектрах, особенно при малых углах. В первом случае 
их можно удалить из экспериментальных спектров, ко континуум разрыва дейтона 
ограничивает область обработки спектров. 

Результаты измерений на ядрах Si и JCS представлены в других работах этого 
симпосиуна. 
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SCATTSBHG OP 10 MET R O T B O K Ol SZLICOI 

W. PIIs, D. Scheldt, D. Seeliger and T. Streil 

Technische Universität Dresden, Sektion Physik, Dresden, GDR 

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

1. Introduction 

All investigations of the Si(n,n*) reaction done until now were restricted 

to a narrow energy region between the energies 3 and 14 NeT, 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 analyse on an uniform basis 

the reaction mentioned above in the energy range between 7 and 14 MeT. This 

reaction is known to be described by incoherent superposition of compound 

contribution calculated in the Hauser-Feshbach formalism and the direct one 

/1/. It is well known that a good agreement between experimental points and 

theoretical curves can be obtained easily for one incident energy by con

venient choice of nodel 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 this allows to 

get more information about the reaction mechanism. Furthermore, such measure

ments are Important for nuclear data collection and evaluation. 

The topic of the present work are the measurements and its theoretical inter

pretation of the data at 10 MeV bombarding energy 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 in the ZfE Rossendorf. A deuteriua 

gas target /2/ using the D(d,n) reaction was employed. The measurements 

were carried out with a computer-coupled multi-angle TOF-detector system con

sisting of eight detectors. The experiment is characterised by 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. A 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 efficiency ratio of monitoring and measu

ring detector can be measured with sufficient accuracy (error less than 2jt) 

for determination of the absolute cross sections the relative efficiency 

function is necessary only. The angular distributions were measured in two 

independent mas at 15, 30, 50...150 and 20, 40, 60...160 degrees. The abso

lute cross sections for each run were determined Independently and are 

shown In fl*.1. 

The scattering sample consists of natural silicon with a cylindrical shape 
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fig.1 Angular distributions of elastic and 
Inelastic scattered 10 HeY neutrons. 
The experimental cross sections (ф ) 
are shown with their absolute errors. 
(SOM - spherical optical model, CC -
collective model in the coupled 
channels representation, H? - Hauser-
Feshbach contribution) 

(3x3* cmT) and a weight 
of 43.53 g. The measured 
cross sections were correc
ted for finite geometry and 
multiple scattering, which 
are rather low for the cho
sen sample eiie. The hack-
ground from elastlcally 
scattered non-sonoeaergetic 
neutrons of the source /2/ 
have been taken into account 
for the calculation of the 
cross sections of higher in
elastic neutron groups using 
a special computer code. 

3» Analysis of the Experi
mental Data 

The elastic scattering is 
described as a sua of shape 
and compound elastic part 
(fig.2). The calculation of 
the shape elastic contribu
tion was performed with the 
spherical optical model (SON) 
using parameters from ref. 
/1/ slightly varying in the 
spin-orbit term. The choice 
of the parameters was made 
with the aim to describe all 
experimental cross sections 
in the full energy range. 
An optical parameter fit of 
our data at 10 MeY bombar
ding energy reproduces satis
factory the parameter 
values of ref./1/. 
The calculation of the com
pound reaction contribution 

for both the elastic and inelastic scattering are based on the statistical 
aodel code BLIESE /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, »or higher energies the 
normalization with results from statistical model code STAPRE /5/ 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 
saotions. 



59 

Table 1 : < 

SOU 
СС 

(Не?) 
52.0 
• 

optical parameters 
rT 
(fa) 
1.15 0.78 

»s 
(MeT) 
12.1 
6.0 

rs 

1.25 
• 

»so - S 5 TM = rs 

•s 

0.47 
* 

T.o 
(KeT) 
9.0 
0.0 

Alaost the same parameters were used for calculation of the direct reaction 
part with the coupled channels aethod (CC) in the code CHUCI /6/. Table 1 
gives the parameters used for the SON and CC calculations. 

The elastic scattering is 
described in the CC analysis 
also. In this case the in
fluence of the channel coup
ling on the elastic channel 
is taken into consideration. 

la order to describe the in
elastic scattering an inco

herent superposition was carried out of compound and direct reaction contri
bution, where the second one is 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: В - aonopole Tibration, ß 2 - quadrupole vibration 

etc. These parameters result from the CC-calculation to reproduce shape and 

absolute magnitude 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 parameters of the first low lying states in 
23Si 

Level 

S«s-_ 
1 

2 

3 
4 

5 
6 

7 
8 

9 

«roup 

I 

II 

III 

I 

л 
21 

<; 

3" 

°1 
2* •> 

2 

exclt.mode 

rot 
к 

vibr 
* 
It 

Щ 

rot 
vibr 
rot 

parameters 
3 2 = -0.43, 3 2 > 2 = -0.15 

m ft 

• tt 

. ß 2 = +0.3 

в 0 = +0.25 
ß. 3 +0.3 

^ fl4 = +0.6 

" fl2 = +0.5 

в 2 = +o.6 
fl2 - +0.5 

(The groups denote 
that levels, which 
are coupling to 
the ground state 
and/or together in 
three different 
calculation runs.) 

The Hauser-Peshbach contribution is seen to be to high for the higher exci
ted levels (3+ and higher). The reason for this overeatimation could Ъо 
fluctuations in the compound level density of 2<?Si /1/. Some 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 205»), i.e. multi-step processes must be taken Into account. 
(2) The excitation of the 3* non-normal parity state can be understood as 
spin-flip process, the 1 * 2 transition contributes mainly to the cross sec
tion (in order of 90jt). 
(3) The contribution of the 2t state in the second rotational band to the 
cross section is small, this level is coupled only to its ot "ground" state. 
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In opposite to the ground state rotational band with oblate deformation the 
second rotational bead has a prolate one ("cigar" shape). 

Finally it should be noted that by extension of our investigations into 
the energy range between 7 and 14 ИеТ on an uniform theoretical basis it can 
be expected aore Information about tendencies of the reaction mechanism. 
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ANALYSIS OP KEUTROH SCATTERING OR 32S 1Я THfl БИЕРЛХ RABGE ?H0S 7 TO 11 I-2V 

M. Adel-Fawsy, D. Scheldt, D. Seeliger and T. Streil 
Technische Universität Dresden, Sektion Physik, Dresden, GDR 

32 
Experimental results from elastic and inelastic scattering on J S with bom
barding energies between 7 and 11 KeV are compared with theoretical descrip
tion in different modele. 

1. Introduction 

The present work was undertaken as an extension of measurements in order to 

obtain information on neutron scattering In a wide energy range on some light 

nuclei. 

In this experiments, measurements of neutron differential elastic and lnela-

tlc scattering cross sections were made at bombarding energies 7, 8, 9, 10 

and 11 KeV on sulphur. Ratural sample was used, but it is nearly aonoisoto-

plc ' s. All the measurements were interpreted theoretically with convenient 

models. 
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2. Experimental Conditioca 
For measurements of the neutron differential егозе sections a time-of-flight 
multi-angle system consisting of 8 detectors was used /1/. The ZfK Rossen
dorf tandem accelerator was used to produce fast monoenergetic neutrons in 
this energy range from the DD-reaction /2/. The neutron detectors have a 5" 
diameter and 1.5" thick liquid organic scintillator of the type HE-213. The 
8 detectors are placed around the scattering sample with respect to the acce
lerator beam between 20 aud 160 degrees in steps of 20 degrees with averaged 
flight pathes of 3 meters. The scattering sample has the shape of a hollow 
cylinder with the dimensions ( 3 x 3 x 1 enr ) and a weight of 36.30 g. 

Monitoring of the aeutroc flux from the source was achieved with a 
small scintillation detector placed with an angle of 20 degrees relatively 
to the gas cell at a distance of about 3 m from the target. 
All the measured differential cross sections were corrected for finite size, 
flui 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
tribution in the Hauser-Peshbach theory (Ш?) and a direct reaction contribu
tion calculated in the framework of the spherical optical model (SOM) as well 
as by the coupled channels method (CC). One :u;t of optical potential parame
ter? in th*> full energy range was used. This parameters were taken fron the 
work of Prandenberger and ci/wrrker*/3/» because this work was a specific me
asurement of elastic scattering with high accuracy, whereas our aim was to 
measure and calculate the inelastic scattering cross sections accurately to
gether with the elastic once. There is no investigations of tie elastic and 
inelastic scattering of neutrons on sulphur in the full energy range which 
was investigated in the present work. 
The sulphur nucleus is known to be a shperical nucleus in the ground state 
and is considered as a vibrational nucleus in the low lying excited states. 

Moreover, all the compound contributions (HP) were corrected 
due to Koldauer's level width fluctuation correction. Fig.1 shows the effect 
of this correction, the elastic compound part will be higher by a factor of 
about 3, while the inelastic part will be smaller by lees than 6$. 
Fig.2 shows as an example the »esults of the differential cross sections at 
10 KeV bombarding energy in oomparison with the theoretical description. It 
can be seen from the curves, that 
(1) an agreement between the experimental and theoretical results is evident, 
(2) the theoretical calculation with the optical model or with the coupled 

channels method give approximately the same structure, but with a remar
kable deviation between each other in the minimuos 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
gies shows a good agreement. 
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Flg.1 : Influence of Moldauei's 
width fluctuation cor
rection : with, 
— • — without correc
tion. 

£ 

Fig.2 : Angular distribution of 

elastic scattered 10 MeV 

; sutrons ( HP and 

CC calculation, - • -

HP and SON calculation, 

- - - HP contribution only) 

Pig.3 shows the results of inelastic differential cross sections fcr the 

first excited state. 1 significant p^reement between the measured and the 

calculated results is remarkable. 

It is clearly дееп, that there is a vpriation in the excitation mechanism 
of the first inelastic state as a consequence of the decrease of the com
pound contribution, that is due to increase of the number of open channels 
for the decay of the compound nucleus, while the direct contribution varies 
only weakly with respact to the energjf. 

There are only a few data for the Inelastic scattering of neutrons with 
sulphur In this energy range. Especially, in the present work experimental 
results were represented firstly for bombarding energies 7 and 11 MeV. 

4. References 
/1/ P.Eckstein et al., Duel. Instr. AMeth., in print 
l?t S.Mit'ag et al., Kernenergie \ (1979) 237 
/3/ J.D.Brandenberger et al., Nucl.Phys. A 196 (1972) 65 

(fig.3 on the following page) 
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DS?EHII5ATI0S OP TH2 3E*J?P.05-TE7r?.CS E?PcCTI7E RAKS PARAXE751 ?Г Г-Е 

*H(n,2n)p }UA3IP?.£E XAT!E8.1»i AT 25 X«Y 

H. a-aratrsch, 3 . <Cfihn, H. Kuacf, J . JRsr.er, * . S e - b e r t , * . ? i l z . 3 . Sc iod. l t 

and J . Tesch 

Z e n t r a l I n s t i t u t für Kernforschung. :-.ss;»eni ; r f , I"'-. 
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target. Both secundary neutrons of the H(n,2n)p reaction were .neasured in co
incidence. The crucial problem was the reduction of the background. Therefore, 
the neutron source and the detectors we-e shielded by about 15 tons of steel 
and oil. In order to suppress T'-ray detection pulse shape discrimination was 

3) used . Pig. 2 shows the measured time-of-flight spectrum together with fie 
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fig. ?. Map-display of the time-of-flight coincidence spectra 
from H(n,2n)p break-up reaction at ©1 = 92 = 40°, 
&<f= 180°. 
(a) True and random events together. 
(b) Random event3 measured simultanously. 

background spectrum of random events which were measured 3imultaniou3ly. Coin
cidences occured at a rate of about three events per hour -whereas the single 
rates amounted to 5«10 з" . During several weeks 1825 coincidence eventa were 
collected. The absolute flux of trie 25 MeV neutons was determined by а ДЕ-Е 
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 eample. Therefore, the experimental data »ere compared with :.;onte Carlo 
simulated spectra. Break-up cross sections were calculated by using the Eben-
höh-3ruinsma-3tuivenberg code solving the three-particle Paddeev equations 
for charge-dependent rank-one 3-wave nucleon-nucleon interaction. For the com
parison between simulated and measured results the contents of the two-dimen
sional spectra 7/ere projected onto the JT axis (fi?. 3). In this representa-

proton energy Ep[MeV] 
Q9 0? G5 Q3 01 Q027 0.1 0.3 05 07 0.9 
п — i — i — i 1 1 1 1 I i r-

neutron energy Ei [MeV] 

- I 1 1 . I L_ 
O0 135 K0 145 ВО 

channel number (AT. T1-T2) 

Fig, 3. Kvents of the kinematical locus of fig, 2a projected 
onto the дТ axis after subtracting the random back
ground of fig, 2b, The upper scales indicate the ener
gy of one neutron and the corresponding proton energy 
valid for point geometry, respectively. The curves re
present iJlonte Carlo simulations. 
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tion the fit of the simulated curve to the measured distribution yielded a 

value for the effective range 

rnn = ( 2 , 6 9 ± 0 , 2 7 ) f m' 

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

SI recently derived from measurements ' outside the exact QPS condition 9- = 6~ 

etween 19° and 35°. 
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MEASUREMENT OP CROSS SECTIONS FOR THE 23вО{п,2п) REACTION PROM 6.5 TO 
Ю . 5 MeV 

N.v.Kornilov, B.v.Zhuravlev, O.A.Salnikov, Flziko-Energeticheskij Institut, 
Obninsk, USSR 
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Kossuth L. University, Debrecen, Hungary 

238 237 Cross sections of the U(n,2n) U reaction have been determined by the 
activation method for neutron energies of 6.54, 6.78, 7.00, 7.SO, 7.99, 8.50, 8.99, 
9.49, 10.OO and lO.SO 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. 

1. Introduction 
238 

Investigations on the excitation function of the U(n,2n) 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 lO MeV (and at 
16 MeV) by radiochemical methods in 1958. Recently Frehaut 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-Ю.5 MeV Interval measured by the activation technique. 

2. Experimental 
Samples of uranium oxide of 1.9-2.8 g in the form of 18.5 mm diameter by 1-1.7 nun 
thick disk were prepared by thermal pression. The chemical composition was deter-

+ 238 
mined to be 90.0-0.6 %, isotopic content of U was hiqher than 99.99 %. 

Neutrons with energies in the range 6.54-Ю.50 MeV were produced via the 
D(d,n) He reaction on the EGP-10M tandem generator usinq a 40 mm long gas tarqet. 
The cell was filled with deuterium gas up to 106.6 кГ- 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 mg/cm thick Mo-foil was used causing a 32 keV (Iff, E.«6 MeV) stragg
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 energy distribution of neutrons impinging the sample, its average value 
and dispersion were calculated from the deuteron stopping 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 U(n,f), Al(n,a) Na and 
Pe(n,p) Mn 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 40.0-0.5 mm 
from the end of the gas tarnet. The flow-type proportional fission chamber contains 2 238 a 0.28 mg/cm thick U layer of 19 mm in diameter weight of which was determined 
with a precision of about 2 *. 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 annular distribution of fragments. 
(Discriminator threshold made it impossible to count events from uranium alphas as 
well as from charged particles of reactions induced in the Camber.) Total of these 
Work supported by the Hungarian Ministry of Education and the Academy of Sciences. 
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corrections amounts to 2.5-1.0 %. Effect of D(d,np)d neutrons on the fission 
counts was estimated to be from 1.0-0.5 to 18-4 % for E =8.50-10.50 MeV accordino 

n 
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 - 11-1 % for E =6.54 - Ю.5С MeV. Thus the 

n 
flux determination by the fission chamber has an accuracy of 1-4 % without the 
uncertainty in the (n,f) cross section. Activity of Na and Mn was measured by 
0—r coincidence method and GeI.i-,«>pectrometry with an uncertainty of 1-3 % qivinq 
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 
E,=8.10 MeV (which would correspond to a neutron «jnergy of 10.50 MeV with deuteron 
gas in the cell). Contribution to the activity of Na, Mn and и 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 l/mm. Correction due to the 
flux variation in time reached 12 % for Mn. 

T-activity of Na, Mn, U 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 /8/ and were fed to the physical measurement centre (FIC) of 
FEI. Pile-up and dead-time corrections measured by a pulse generator did not ex
ceed 10 % for counting rates up to lOOO/s. Correction for coincidences of cascade 
т-rays was calculated from measured total detection efficiency and recommended 
decay schemes and had a greatest value of 10 %. Absolute full-energy peak efficien
cy of the GeLi-spectrometer and its dependence on the detector-sample distance have 
been determined in the 60-15CO keV reaion 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 keV 
interval is expected to be 2 %. 

Gamma-spectra and decay-curves were evaluated with a MULTI-20 minicomputer. 
Activity of 237U of half-life 6.75 days /lO/ was determined by its 208.0 keV 

T-line having branching intensity of 21.80 % /11/. Peaks of 205.33 keV from 2350 
239 + 

and 209.73 keV from Np 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-235 ground of the U line was determined from spectra taken before irradiation while 
that of 209.73 keV was estimated from the intensity of the 277.60 keV 239Np peak. 
Contribution from fission fragment ir-lines may be neglected after a 15 hour coo
ling time. Duration of irradiations with an average target current of 2 цА ranged 
from 7 to 30 hours accordino to the expected (n,2n) cross section, -r-spectra of the 
activated samples were analyzed in a time period of 20-300 hours. Statistical accu
racy in the initial Intensity at E =6.54 and 6.78 MeV was 3 and 2 %, respectively, 
while at other neutron energies <1 % was achieved, r-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 

238 
Table 1. Cross sections from /12/ were used for U(n,f) reaction while data for 
Al(n,a) and Fe(n,p) reactions were taken from /13/. Although the quoted preci-
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Table 1 

Results of the cross section aeasu: nts for the ^J(n,2n) reaction 

n n 
Mev 

(AE„:68 %) 
n 

, ,. +0-09 
6- 5 4 -0.07 

_ +0.08 
6' 7 8 -O.O« 
7 00 * ° Л 0 
'•°° -0.07 
7 50 * ° Л 0 7'ЬО -O.07 

- -Q *O.l0 7-9* -0.08 
8 SO + О Л 0 8- 5 0 -O.08 
8 +o.io 
9'99 -0.08 

9 49 + G ° 8 
*'" -0.08 
Ю.ОО """О-Ов 
10.50 to.08 

Neutron flux density 
106 «"V 1 

n,o 

2.Ol 

1.66 

-

3.48 
4.02 
3.73 

3.81 

4.14 
4.36 
2.74 

4.07 
4.17 

n,p 

-

1.65 

3.32 

3.32 
3.69 
3.57 

3.92 

4.24 
4.62 
-

4.03 
4.39 

n.f 

2.28 

1.87 

3.57 

3.64 
4.06 
3.74 

4.09 

4.22 
4.62 
2.69 

4.19 
4.76 

(K) 

(2) 

(25 

(2) 

(1) 

(1) 

(1) 

(1) 

(0.5) 

(0.5! 
(0.5) 

Averaged 
flux 

density 

2.19 ±0.13 

1.76 ±0.08 

3.49 ±0.12 

3.48 ±0.09 
3.92 ±0.12 
3.68 ±0.06 

3.94 ±0.08 

4.20 -0.04 
4.53 ±0.09 
2.72 ±0.03 

4.08 ±O.0* 
4.38 to.15 

t5(n,2n) 
яЬагп 

72 ± 5 

251 ±13 

402 ±18 

830 ±30 1 8 3 1 
832 ±32 J 
1077 ±31 

1244 ±41 

1345 ± 3 5 } 1 3 4 4 
1343 ±42 ) 
1371 ±36 

1413 ±37 
1466 ±63 

±30 

±35 

-f—» T i i i T ' T" i 
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Pig. 1. 
Excitation function of the 
21Я 

U(n,2n) reaction from 
threshold to 13 MeV. 
Cross sections of the pre
sent work shown by filled 
circles are conroared with 
results of /2/ and /3/. 

• 10 
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sion of the (n,f)-cross section was lower than that of the others we considered 
the different measurement technique as well as the sensitivity to background neut
rons and chose the following averaging procedure for flux densities: 

* _ »(n^) » ф(п,п) + К«ф(п,П 
* 2 + к 

К values are listed in Table 1. The average neutron flux density and its deviation 
238 

as well as th» cross sections of the Uin,2n) reaction and their estimated error 
are summarized also in Table 1. Ouoted errors contain: standard error of the mean 
for the averaged flux density as well as error of the determination of the U 
mass (0.6 %),GeLi-detector efficiency (2.0 % ) , selfabsorption correction (1.5 %) 
and branching intensity of the 208.0 keV line ,1.0 % ). Reliability of our experi
ments was checked by repeating the irradiations at 7.50 and 8.99 MeV neutron aner
gics. Results in Table 1 show an excellent reproducibility. 

Cross sections of the present measurement are compared with data of earlier 
exneriments /2/ and /3/ in Fig. 1. A good agreement may be found with results of 
Frehaut and Mosinski while Knight's data are systematically hiaher. 
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EFFECT OF SCATTERED NEUTRONS ON THE 
14 HeV REACTION CROSS SET. IONS DETERMINED BY THE ACTIVATION METHOD 

P.Rales, S.Nagy, S.Daröczy, Institute of Experimental Physics, Kossuth L. Univer
sity, Debrecen, Hungary 

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 experimentally 
by foil activation. Activity fractions fo^ the "14 MaV neutron group* were calcu
lated for reactions of different threshold. 

1. Introduction 
Effects of scattered neutrons on the It MeV cross section of (n,-r) reactions mea
sured by the active*ion technique are well known /1,2/. Such problems are someti
mes arise for reactions of hlqher (>0.1 MeV) threshold, too. Nethaway mentioned 
the effect of neutrons scattered from the room walls only /3/. Michel and Weioel 
estimated the distortion of the 14 MeV peak and mean neutron eneroy 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 
energy 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 

238 238 
cress section ratio of the D(n,f) and U(n,2n) reactions for iron absorbers 
/7/. influence of the source surroundings on the spectrum was also demonstrated 
t. "fl-rv et iL. with activation measurement for neutrons slowing down from 14 MeV 
ii a oaraf \n moderator ,Л[. 

~h^qu >robleir.s have some general importance nowadays when high power genera
tors ani? jutron tubes are in operation with special tritium target systems for 
efficient coding and large radiation shielding. The present work is dealing with 
the estimation of the contribution of the low energy neutrons to the 14 MeV acti
vity. 

2. Experimental 
The following reactions have been used to measure the neutron flux density: 
115In(n,n')115mln, 27Al(n,p)27Mg, 27Al(n,a)24Na, 65Cu(n,2n)64Cu and 63Cu(n,2n)62Cu 
havinq thresholds of 0.339 MeV, 1.895 ("effeetive"~3) MeV, 3.248 (-5) MeV, 10.058 
and 11.023 Mev, respectively. 

Neutrons were produced via the D+T reaction with analyzed deuterons of 175 
-5 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 , -60 , 
-90°, -120° and -150° to the beam. (The original experiment va«? devoted to deter-

238 mine the u(n,2n) reaction cross section therefore the sandwiches contained also 
U.Og powder of 1.5 g pressed in a thin plexiglass box.) This arrengement is re
produced in the insert of Fig. 1. 

Activity of the Al and Cu samples was determined by a flow-type 4np-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 ^-particles and т-quanta, dead-time 
of countings, losses due to pulse pile-up and cascade coincidences of т-raye, in
terference from the Cu(n,r) Cu reaction. The following references for the cross 
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sections were accepted: /9/ for the In(r.,n') and Al(n,p) reactions, /10/for 
*3Cu(n,2n), /10/ for the 27Al(n,e) reaction up to 13.5 MeV while /11/ was used for 
the 13.5-15 HeV region, /12/ for the Cu(n,2n) process around 14 MeV and data of 
/lO/ were chosen below it after a no-Mlixatlon to values of /12/ in the 14 MeV 
region. 

3. Results and discussion 
Neutron flux densities calculated in the usual way are shown in Fig. 1, which may 
be a ci>aracteristic picture for neutron fields of such a target assembly. Pres
ence of low energy neutrons is well demonstrated mainly by the In(n,n') reac
tion. Results of the Cu(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 calculations. 

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

!tt ^ р П Р " n 
Flo. 1. 

Neutron flux density as a function 
of the reaction threshold 
Results for the (n,p) and (n,a) re
actions are indicated at their "ef
fective threshold". Error bar shows 
fluxes calculated with extreme va
lues of literature cross sections. 
Top of trianales represents correc
ted flux density while their base 
Indicate the 2«* (95%) width of the 
estimated energy distribution in 
the 14 MeV peak. Neutron source -
sample arrenqement inserted in "T". 

termine the complete spectrum directly from the results of foil activation, with
out any knowledge about Its but qualitative structure. A starting distribution 
shape was estimated on the basis of single elastic and Inelastic processes on the 
structural materials of the taroet assembly (H,0,C,Fr,Mo). This spectrum can be 
characterized by main reqions as follows: 0-4 MeV, 4-9 MeV, from 9 MeV to the 
beolnninq of the 14 MeV peak and this letter itself which has some distortions, 
too. Absolutization of these intervals wa^ carried out by the experimental reac
tion rates. Such a procedure has the adventaqe also to imply effects from ill the 
other sources of backoround neutrons which are difficult to be considered accura
tely In the theoretical spectrum calculations, e.g. (d,d)-selftargets in the beam 
handling system, scatterlna In the sample Itself, room walls, etc. (Cd-cover r£ 
the sandwiches Increases the intensity appreciably in the 0-4 MeV region.) The 

followlnq features can be drawn from the spectrum of neutrons implnqing the sam

ple at 0° direction: 0-4 MeV represents 11.3%, 4-9 MeV 0.4%, 9-14.2 MeV 12.4% and 

14.2-15.1 MeV (with a mean enerqy 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 HeV neutrons' 

4 

o° 
•eo° 

- 6 0 ° 

+90° 

- 9 0 ° 

+120° 

- 1 2 0 ° 

- 1 5 0 ° 

45° 

<E >=AF n n 
nev 

14.80 _олш 

14.45 *0 .12 

14 40 * ° - 1 2 

14.13 *0 .08 

14 10 * ° Л З 
i 4 * i 0 - 0 . 2 5 
13.75 *О.Ю 

13.76 ±0 .10 

13 51 * О Л З 
1 Л Э 1 - O . l l 
14 Л2 *°'20 

1 4 ' 6 2 - 0 . 2 2 

0-23§ 

«th-o 
5.63 

6 .75 

2 . 0 1 

8 . 4 0 

2 .26 

6 .36 

3 .48 

5 .23 

12.95 

0-235 

О 

вел 
8 1 . 9 

6 9 . 7 

7 8 . 8 

6 8 . 3 

7 6 . 7 

7 0 . 9 

71 .2 

88 .6 

In-115 
n,n' 

C.339 

59 .6 

59 .7 

46 .6 

5 4 . 9 

4 2 . 3 

5 4 . 3 

48 .8 

52.О 

6 8 . 9 

Ö-351 
n,f 
0 . 8 

• 1 . 1 

8 5 . 7 

8 0 . 6 

8 1 . 0 

7 7 . 2 

77 .4 

76 .7 

77 .6 

9 0 . 9 

Al-5* U - » 
n,p n . e 
3 . 0 S.O 

82 .8 8 5 . 5 

8 2 . 1 8b .7 

7 8 . 5 8 2 . 5 

77 .1 81 .6 

7 5 . 1 80 .6 

7 6 . 3 81 .5 

74 .4 7 8 . 9 

76 .7 BO.4 

8P.0 9 1 . 1 

0 - 2 « 
n,2n 
6 .17 

7 6 . 1 

7 6 . 5 

7 2 . 7 

7 1 . 9 

7 0 . 9 

7 3 . 3 

7 1 . 2 

73 .8 

8 3 . 5 

nf2n 
lO.OC 

Cu-63 
n,2n 
11.02 

9 1 . 9 94 .6 

92 .8 9S.6 

9 0 . 8 93 .6 

90 .4 93 .8 

8 9 . 8 9 4 . 3 

90 .6 9 4 . 3 

8 7 . 4 9 2 . 3 

8 9 . 2 94 .3 

9 6 . 2 9 7 . 9 

pare situations for +9o° and -90° positions: 0-4 HeV 7.5%, 4-9 MeV 0.5%, from 9 MeV 
to peak 17.8%, peak 74.2% and for the same regions 24.9, 0.4, 15.1, 59.6%, respec
tively. Our results agree qualitatively with those of /6/ although show a pronoun
ced neutron excess between 9 MeV and the peaks. This character also supposed in 
111 is perhaps due to inelastic neutron scattering. More details are given in /13/. 

Fractions of the activity induced by neutrons in the 14 MeV peak for diffe
rent directions were calculated on the basis of the spectra and excitation func
tions. Results are summarized in Table 1, where cross section for the 2 3 8и(п,т), 
238,, U(n,f1 nd U(n,f) reactions were t?ken from /14/ while that of 2 3 8U(n,2n) 
is our compilation /13/. The last line in Table 1 refers to data for 5 mm distance 
of a sample frjtn the source, surface of which is also directed at -45°. Energy 
distribution of the peak was estimated from the reaction kinematics for completely 
stopped deuterons (Ед=175 keV) and irradiation geometries and then distorted by tbe 
scattering prccesses. <E > is its mean value while ЛЕ is used in the usual 16Г 

n 
(68%) sense. Uncertainty of the fractions was estimated to be about -4%, excluding 
(п,т) reaction. Por comparison, results in /5/ gave fractions of 86 and 92 % for 

27 63 
the Al(n,a) and Cu(n,2n) reactions, respectively. 

It is now clear what an error can be Introduced with the neglect of background 
neutrons when cross section of reactions having significantly different excitation 
function is compared - as it is usual in the foil activation experiments. 

References 
1 G.FetS, J.Csikai, Neytronnaya Plzika vol.III. 78 (Obninsk 1974; Proc. 2nd 
All-union Conf. 28 May-1 June 1973, Kiev) 

2 M.Valkonen, Research Rep. 1/1976, Dep.Phys.Unlv. YvSskylä, Finland (1976) 
3 D.R.Nethaway, Nucl.Phys. A190 635 (1972) 
4 R.Michel, H.welgel, RadiocUTm.Acta 22 1 Г1975) 
5 E.Ricci, J.Inorg.Nucl.Chem. 27 41 (1765) 
6 E.E.Graves, L.Rosen, Phys.Rev. 89 343 (1953) 
7 G.Shani, Ann.Nuel.En. 3 431 (1976*) 
8 S.Nagy, J.Csikai, I.Angeli, Nucl.Inetr.Meth. 91 345 '1971) 
9 ENDP/B-IV Dosimetry File (Ed.B.A.Magurno) BNL=~JCS-50446, INDC/0S/-70/L, 1975 

10 V.Kanda, R.Nakasima, Neutron Cross Sect.Techn., vol.1.193 (Proc.Conf. 4-7 March 
1968 Washington) 

11 H.Vonach, M.HiUe, G.Stengl, W.Breunlich, E.Wtrner, Z.Phys. 237 155 (1970) 
12 W.Mannhart, H.Vonach, Z.Phys. A272 279 (1975) 
13 P.Rales, Thesis for Ph.D. KoeeütTT"L. University, Debrecen, 1978 
14 M.G.3owerby, B.H.Patrick, D.S.Mather, Ann.Nucl.scl.Ens. 1 409 (1974) 



75 

ПРЯШЗ И РАВНОВВСНЫВ ПРОЦЕССЫ В ( р , П) РЕАКЦИЯХ ПРИ ЭНЕРГИИ ПРОТОНОВ 
22,2 + 0,2 ЮВ 

Н.С.Бирюков, Б.В.1уравлёв, А.П.Руденко, O.A.Сальников, В.И.Трыкова 

Физико-энергетический институт, г.Обнинск, СССР 

Спектры нейтронов из (р.п.) реакций на ядрахг7Аб ,s2Cr ,s*Fe ,5e'eo/Vi , 
9a-9l'9*Zrt

,,57n ,*Л1Та ,'97/)и измерены при энергии протонов 22,2 ; 0,2 МэВ под 
углами 30° t 60°, 90°, 120°, 150° Результаты анализа экспериментальных данных 
доказывает, что неравновесная часть спектров практически полностью обусловлена 
прямыми процессами, ответственным! за асишетршо в угловом распределении нейтро
нов. 

Проведенные наш исследования спектров и угловых распределений нейтронов из 
(р,п) реакций при энергии протонов 11,2 + 0,1 МэВ [1,2] показали, что выделение 
вклада прямых процессов, определяемых как асимметричная компонента наблюдаемых 
угловых распределений, приводит к более согласованным значениям параметров плот
ности ядерных уровней по сравнению с результатами, получаемыми в рамках модели 
цредравновесного распада ядер или без учета неравновесных процессов вообще. 
Однако, хотя асимметрия в угловом распределении несомненно указывает на наличие 
прямых процессов, она позволяет определить лишь нижнюю границу их вклада. Прямые 
процессы могут приводить и к симметричному али изотропному угловому распределе
нию продуктов реакции, в частности, из-за искажения волновых функций начального 
и конечного состояний потенциалом ядра, отделить которые от распада через сос
тавное ядро экспериментально не представляется возможным и приходится делать 
оценку вклада этой составляющей в рамках имеющихся моделей [3,4] . При энергии 
налетающего нуклона около 10 ЫзВ вклад этой составляющей прямо; процессов в ин
тегральный спектр близок к асимметричной компоненте [1,2,3,4] . С увеличением 
энергии, однако, имеется тенденция к росту асимметричной компоненты и можно на
деяться на получение более точной информации об интегральном спектре частиц, 
испущенных в прямых взаимодействиях, из анализа измеряемых угловых распределений, 

В данной работе измерялись спектры нейтронов из (р,п) реакций на ядрах 
ггА1 ,5гСГ , 5бГе . ^ ^ N c ,w>9'-94Zr ,"5^п ,'e'Ta , l 9 7 / |u при энергии протонов 
22,2 * 0,2 МэВ под углами 30°, 60°, 90°, 120°, 150°. Измерения проводились на 
спектрометре нейтронов по времени пролета, созданном на базе 150-см циклотрона 
ФЭИ [ б ] . Характерные интегральные спектры и угловые распределения нейтронов при
ведены на рис. 1,2,3. В виде гистограммы на рисунках представлены спектры нейт
ронов, имеющих асимметричное угловое распределение. Для получения таких спектров 
угловые распределения нейтронов по энергетическим интервалам I МэВ аппроксимиро
вались разложением по полиномам Лежандра до второго порядка включительно; вклад 
асимметричной компоненты при таком представлении определяется коэффициентом при 
первом полиноме [I • з ] . Для всех исследуемых ядер в высокоэнергетичной части 
гистограммы совпадают в пределах точности измерения с интегральными спектрами 
»миссии нейтронов, указывая тем самым на правильность я полноту определения 
вклада пряма процессов через асимметрию в угловом расцределении, по крайней ме
ре, для етой области меряй . 
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, Кривые - аппроксимация разложе-
L НИем по полиномам Лежандра. 

\ 
0 1 2 3 * ) в 7 I S 10 Я « Я А /> » / ' /» II Я 

Рис.1,2 . • - Интегральные спектры нейтронов; 
о - интегральны' спектры нейтронов после вычитания асимметричной 

компоненты; 
Гистограммы - спектры нейтронов, имевдих асимметричное угловое 

распределение; 
— — - расчет по формуле Лекутера; 

- расчет по МПР; 
- предравновесные спектры нейтронта. 

Особенно хорошо это совпадение проявляется для ядер с А> 90, где энергетический 
диапазон, на котором вкладом от эмиссии из равновесных состояний можно пренеб
речь, шире вследствии более мягкой равновесней части спектров и более низких 
значений 0- п реакций, чем для A4 60. Дополнительная информация о достоверности 
такого определения спектра нейтронов, испущенных в результате прямого взаимо
действия, может быть получена из анализа спектров, остающихся после вычитания 
из интегральных спектров асимметричной компоненты, в рамках статистической тео
рии равновесного распада ядер. В данной работе указанные спектры (светлые круж
ки на рисунках) описывались формулой Лекутера [&], полученной в модели последо
вательного испарения частиц. 
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Рис.4. Зависимость термо. 
ческой температуры от 
массового числа. 
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Таблица I 

(SfeB"1) 

t Qc+0,49 
^ ,уь""0,13 

*e O Q + 0 , 4 9 b , ö a - 0 , 3 0 
\ p.,+0,24 

' ' 0 < i - 0 , I 9 

*n TQ+0,3I 
7 ' 1 У - 0 , 2 2 

b , J Ö - 0 , I 9 

KJ.I7!8:S 
*I0,34*0,60 
то oo+U,38 
l < J , * ^ t 2 9 
12,81+0,25 
то Tc70,I8 

тс no+0,50 ib,/o_o f37 

* 2 i , i 8 ^ ; f l 

#?T TQ+0 .36 

• 

эмиссии 
6 неотронов et acut 

с энергией 
>1 UaB 
(Мбарн) ( % ' 

194*13 

760*50 

667*43 

170*11 

701*45 

1251*81 

1516*98 

1824*118 

1656*107 

1948*127 

177*13 

18,5*1,3 

11,5*1,2 

7,8*1,3 

16,2*1,6 

7,6*1,6 

7,8*0,5 

7,3*0,5 

6,9*1,5 

9,3*1,4 

11,0*2,4 

Примечание. оСасим. - доля нейтронов в интервале энергий (1,0 • Е/жм ) МэВ, 
имеющих асимметричное угловое распределение. ( * ) - значения ареэ> приведены 
для ближайшего атомного числа. ( + ) - измерения проведена только для угла 90° 
и анализ спектра проведен в диапазоне энергий нейтронов {1,0* 4,0) МэВ, где 
неравновесной эмиссией можно пренебречь 
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Результаты аявииэа. представленные ва рисунках 1.2,4 в в таблице I . поиадиааюг: 
1) Спектры нейтронов в пределах »•inna—Biainin о—боа оавсмааатся форму

лой Дакутера; 
2) Зависимость термоднжамичесжо! темпервтурн, значения иоторо! приведены к 

одвваапаоЖ средней энергии воэбуадеяяя 15,4 язВ согвасво внрааевва 
i-^iu/a , от массового числа uxiiaeiiiBjci предсказаавв модели *ерми-га-

эа к =cwis£//Ä~ ; 
3) Значения параметра авотаоств ядервнх уровнен "а'", определенные в соот

ветствен с известным выражением BatcKoräa для эяергетичесхск завясжмсс-
тн плотности уровне!, хороню согласуются с даникму .тс кейтрснкы» резо-
яаясам [ ? , 6 ] , являющимися вавболее прямсЕ экспериментальной хвфсрмадв-
et . 

Значения параметра "а", соответствующее энергетической завиг»»ссти аре-экспс-
—5/4 

ненцвального ияонителя в внрахеянв для плотнсстн уровней U ' , кескотькс нкяе 
резонансных данных. Трудно однако отдать зредпсчтекке тек или внык значениях 
параметра, так как для энергия возбуждены внсе энергия связи имеются ука'-агзк 
ва некоторое уиеньвение плотности уровней ос сравнен» с предсказангем неделя 
Ферми-газа ара условия, что абсолютная корнкровка произведена на данные по 
нейтронным реэонансам [Э ] . В целом же можно отметить, что параметры плотности 
ядерных уровней, определенные наян нз анализа спектров soexe вычитания аехмкет-
рвчной компоненты, находятся в разумном согласо с данными ос нейтроввых резо-
наясам в с современными представлениями об иэмененвн алстяссп уровней с энер
гией возбуждения. 

Таким образом, описанный ниже способ определения спектра нейтронов, испу
щенных в результате прямого всаимодействня, через асимметрию в угловом распре
делении приводит к согласованному разделению механизма эмиссии нейтронов г ис
следуемых в данной работе ядерных реаищях на равновесный и прямой. 

Для сравнения с полученными результатами спектры нейтронов были гроаналв-
зированн также в рамках модели предравновесного распада ядер (ШР), аналогично 
тому как это сделано нами в работе [ i ] . В среднем, «ШР неплохо описывает интег
ральные спектры нейтронов, не отражая однако структурных особенностей, наблю
даема на экспервменте. Для ряда «ер ( ^ A t . ^ i , 9 1 ^ , 9 4 ^ . 1 1 5 ^ . 1 8 ^ ) 
неплохое согласие имеет место и между спегтрами эмиссии нейтронов вэ неравно
весных состояний, определяемых, как нз анализа угловых распределений (асиммет
ричная компонента), так и из расчетов в рамках лИР, хотя аежмнетрня в угловом 
распределении при таких низких энергиях не объясняется в ШР. Такое совпадение 
указывает, пожалуй, линь на преимущественный вклад прямых процессов в предрав-
новесный распад ядер, интерпретация которых в КНР является сланном упрощенной. 

Так как измерения спектров в угловых распределении нейтронов из (р,п) ре
акций проведены для достаточно больного числа ядер, представляется возмож
ность проследить зависимость определенного нами сечения прямого взавмодействвя 
от кассового числа. Согласно Лекну [ ю ] , сечение возбуждения иэобар-аяалоговнх 
состояния в (р,п ) реакциях (процесса, протекающего, в основном, вследствие 
пряметт. механизма взаимодействия [ и ] ) пропорционально (N -Z )/А ' . В даниок 
работе .« определяем сечение, проинтегрированное по больному числу состояний 
(Е^= 1,0+Е^*' МэВ), н его зависимость от массового числа может быть несколько 
иной. Поэтому на предмет согласования с определенными нз анализа эксперииен-
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талышх данных сечениями прямого взаимодействия исцыгывались кроме зависимости 
( N - Z ) / A 2 ' 3 , близкие к ней ( N - Z )/А и (N -Z ) /А 4 ' 3 , а также наиболее простые 
зависимости (N'-Z) и А, нэ противоречащие явно совокупности экспериментальных 
точек. 

На 5 % уровне значимости распределения только для зависимости ( N - 2 )/А кри
терий }•* < } г c«g [12]; остальные зависимости с точки зрения их согласия с экспе
риментальными данными должны быть отвергнуты. Как показано на рис.5, пропорцио
нальность ( N - Z ) / A наблвдается и для сечений прямого взаимодействия, определен
ных нами из анализа экспериментальных данных при энергии протонов II,2±0,I 1иэВ 
[ 1 , 2 ] . В предположении, что указанная зависимость от массового числа справедлива 
и для промежуточных энергий протонов, можно делать оценку вклада прямых процессов 
и их компонент (асимметричной и изотропной), используя для этого в первом приб
лижении линейную интерполяцию. 

Основные результаты работы сводятся к следующему: 
а) Спектры нейтронов из (р.гс) реакций измерены при энергии протонов 22,2±0,2 МэВ 
для ядер 27А< . % . * « , 5 V , 6 0 Nc , ^ z r ,3lZr , 9 4 Zr 1*Ьа , ^ а под угла-
ми 30°, 60°, 90°, 120°, 150° и для I97Au под углом 90° в широком диапазоне энер
гий испускаемых нейтронов - [ l , 0 + (EL+Qp a )] Мэв. 
б) Анализ экспериментальных данных показал, что определение спектра нейтронов, 
испущенных в результате прямого взаимодействия, через асимметрию в угловом рас
пределении приводит к согласованному разделению механизма эмиссии нейтронов в 
исследуемых ядерных реакциях на равновесный и прямой. 
в) Показано, что изменение определенного таким образом сечения прямого взаимо
действия от массового числа пропорционально (N - Z ) / А . 

IS 

I I 
I + 

! Рис.5. Зависимость сечения 
прямого взаимодействия 

- ^ от массового числа. 
• - К.=22,2 МэВ; 

- й ( | о - 2=11,2 МэВ; 

ж 1 
^ С А - К = П , 2 МэВ, 

асимметричная компонента. 
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ON THE CHARGE DEPENDENCE OF NUCLEAR FORCES 

I. Rotter 
Zentra l inst i tu t für Kernforschung Rossendorf, DDR-8051 Dresden 

In recent years considerable attent ion has been devoted to the interpretat ion 
of energy differences between mirror pairs of l ight nucle i , displacement 
energies of isobaric analog states in heavier nuclei as wel l as to the i n 
vestigation of isospin forbidden t ransi t ions and isospin nixing in nuc le i . 
The hope was to extract information regarding the nuclear wavefunctions since 
Coulomb effects in nuclei are believed to o f fe r the poss ib i l i ty of separating 
the known Coulomb interact ion from the ambiguities of the nuclear wavefunctions. 
The results obtained are not encouraging. Coulomb energy differences are much 
more complicated than o r ig ina l l y anticipated [ 1 ] . The predictions of the 
Hartгее-Fock theories for the neutron r a d i i do not explain the Coulomb energy 
anomaly. I t is not clear which r a d i i agree with tha experimental data ( e . q . [ 2 ] ) . 
The s i tuat ion in isospin forbidden transit ions 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 nucle i , an addit ional source of charge dependence exists which is a 
typ ica l nuclear many-body e f f e c t . Nir [4 ] showed that a correlat ion exists 
between the Coulomb displacement energies and the binding energies. Some r e 
gu lar i t ies have been found also in isospin forbidden decays [ 5 ] . These facts 
suggest that the isospin impurities are not dominated by accidental near-de
generacies of the states with di f ferent isospin but instead arise from a 
mechanism which re f lec ts general properties of the nuclear structure. 

Theoret ical ly , an ef fect ive charge dependence of nuclear forces in the subspace 
of a t r a d i t i o n a l nuclear structure calculation arises from the coupling of the 
discrete states to the continuum [ 6 ] . The ef fect ive Hamiltonian appearing in a 
t r a d i t i o n a l nuclear structure calculation due to the truncation of the t o t a l 
function space contains the coupling between the space of continuous states 
(P-space) and the space of discrete states (Q-space = function apace of the 
t rad i t iona l nuclear structure calculat ion) [ 7 ] : 

HQQ - 1QQ + nQ-p UP "Pa (1) 

Here, H Q Q ж QHQ and HQp•« QHP where Q end P ere the projection operators onto 
the wevefunctione in the Q- and P-space, respectively. The operator Ĝ ,*' is 
the Green operator in the P-space. 
The matrix elements of the second term of the operetor (l) ere given in the 
following manner 

(2) 

Here, the functions ц> R art eigenfunctions of the operetor H»Q (traditional 
nuclear structure wavef unctions) while the functions ? § «re elgsnfunctions of 
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Hpp. The eigenvalue» of H^, are denoted by E* whereas с and £ c stand for the 
channel and i t » threshold energy, respect ively. 

A charge-dependent residual in teract ion has not been introduced e x p l i c i t e l y in 
the t a r » ( 2 ) . 

Nevertheless, i t i s charge dependent due to the central Coulomb f i e l d acting on 
the discrete ( Ф к ) as wel l as on the scattering ( F £ ) wave functions. 

The aa t r lx elements (2) and the i r charge dependence are non-vanishing not only 
for decaying states but also for bound s ta tes . They leed to an energy shif t 
A ER of the states 

n£R " Е-ъ £ я 
Ъ± /ЫЕ'4Ъ1Щ&>(£+-ЕГ<?11Н1<1Ь> (3) 

Here, Ер Is the energy of the state in the continuum shell model (real part of 
the eigenvalue of н* ) while E R is the energy of the state in the conventional 
shell mode* (eigenvalue of H Q Q ) « For bound states, the sum in eq. (3) runs over 
closed channels only. The width Г„ of a decoying state is given by the imagina
ry part of the eigenvalue of H?Q at the energy E R: 

^ - f I Gel 

The sun in eq. (4) runs over open as wel l es closed channels. 

The charge dependence of the e f fect ive Hamiltonian (1) i s characterized by the 
re la t ive energy shift between rnalogue etat ее as well es by the difference be
tween proton and neutron widths of analogue etates of mirror nucle i . Both 
values are expected therefore ю ahow a similar dependence on the nuclear 
structure propert ies. 

The numerical calculations on the basis of the continuum shel l model have shown 
[6] that the charge-dependent e f fects in nuclei depend vary sensi t ively on the 
channels end the position of t h e i r thresholds» Soее general trends of the charge 
dependence can be observed: Shell ef fects in the charge dependence appear in a 
natural manner via the distinguished parentage structure of the ground state 
of the nuclei just beyond the sha l l closures re la t ive to the energetical lowest 
channel. The odd-even affect in the Coulomb displacement energy as wel l as the 
fact that the neutron de с eye of the lowest T • 3/2 levels of A • 4n •» 1 l ight 
nuclal are always greater than the analogous proton decays are shown to be 
connected with regular i t ies I n the binding energy which art going w i t h ^ A « 4 

That aeane, charge dependence of the Haalltonlan (1) explains both trends 
observed experiment a l l y although they are physically very d i f f e r e n t . 
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SELF-CONSISTEHT DESCRIPTION OP ТНБ GIANT 
DIPOLE RESONANCE INCLUDING THE PARTICLE CONTINUUM 

F.A.Gareev, S.N.Erehov, N.I.Pyatov, D.I.Salamov 

Joint Inst i tute for Nuclear Research, Dubna, USSR 

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

Piret , the probles should be formulated se l f - cons i s t en t ly , e . g . the Hamil-
tonian used must be invariant under certain symmetry transformations and the 
connection between se l f -cons i s tent f i e l d and the e f f ec t ive forces should be 
taken into account. 

Second, the nuclear exci tat ions of interest are usually located in the con
tinuous spectrum, hence the l a t t er should correctly be included in calculat ions . 
This allows one, in particular, to obtain that part of the reeonance width which 
i s associated with the part ic le decay to open channels. 

And f i n a l l y , the calculation of the to ta l resonance width requires the i n 
clusion of the damping mechanism for part ic le and hole s t a t e s . 

In the present work we have used a simple se l f -cons i s tent model with 
separable forces in which the form factors and the strength parameters are de
rived from the shell-model potent ial . Equations of the model are formulated in 
the coordinate representation' ' -" f „hich allows one to take correctly into 
account the part ic le continuum in calculat ions of the spectra of co l l ec t ive 
exc i ta t ions . Below we present some resu l t s of calculations in which the damping 
of part ic le and hole s ta tes was not included. 

Figure 1 shows the strength functions for El-excitat ion of nuclei 0 and 
J Ni calculated with the Woods-Saxon potent ia l . Por also given are the 
results of calculat ions in which the continuum was approximated by the d i s 
crete s ing le -part i c l e resonances with a re la t ive ly small width (dashed l i n e s ) . 
It turns out that in the low-energy part of E1-resonance the part ic le continuum 
gives r i se to a re la t ive ly small width only. With increasing the excitat ion 
energy the discrete s ta tes are shifted and their width becomes much larger. 
It should be noted that the calculated widths are sums of a l l part ial widths 
for the part ic le decay of the resonance. Por 0 the calculated width and the 
structure of the resonance are close to the observed ones. For heavier nuclei 
the calculated pictures are much more different* from experiment. 

The contributions of different parts of the exc i te ' ion spectrum to the 
total photoabsorption cross section йС$ (sum rule) are l i s t ed in the tab le . 
The calculated values of the center-of-gravity of the reeonance a?£*> (&i/0i) 
and the^width'of the distribution of E1-traneitione W* [ Г*/Г/ ~(*l fa)*7 
are compared in the table with the resu l t s of ref . ' ' . I t i f seen that the pro
per inclusion of the continuum leads to a certain increase of the strength of 
El-transit ions in the low-energy part of the resonance. This resultc in the in 
crease of the magnitude of W. The c*nter-of-g*svity of the resonance i s eome-
*oat lowered. 

The calculated aus rules art below t h e , c l a s s i c a l l imit owin« to the 
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inaccuracy of integration over the energy in the region of narrow reeonancee 
and to the neglected contribution of the high-energy part of the spectrum. 

1. K.I.Pyatov, M.I.Baznet. Journ. of Nucl. Phys. (USSR), 30, no.5 , 1979. 
2. S.Shlomo, G.Bertech. Nucl.Phye., A243. 507, 1975. 
3 . E.E.SaperBte.n, S.A.Fajans, V.A.Xhodel. Pre- ^nt IAE-2580, UOBCCW, 197b. 

Б-, Mev W, Ifev 

Nucleus 

*8Ca 

"*i 

9 0Zr 

Mev 

0-14 
14-19 
19-32 
0-32 

0-14 
14-25 
25-31 
0-31 

0-13 
13-17 
17-35 
0-35 

present 
work 

16.2 
67.3 

8.9 
92.4 

13-3 
79.6 

0.9 
93.8 

28.9 
57.4 

5.2 
91.6 

ref . 

10.7 
74.5 
12.4 
97.6 

11.3 
86.9 

0.9 
97.6 

20.4 
75.5 

1.2 
97.1 

r e f . O ) present r e f . ( l ) present ref. 
work »ork (1) 

15.5 16.3 2.6 

16.7 17.1 2.5 

1 . * 

2.3 

13.9 14.4 2.7 2.4 

0.5 

0.2 

iMev J 

A V 
ft'К 

. — • — • — i — • J — 1 1 » 

5.0 

2.0 

10 

re*_»m 1 
[мёТ] 5j BlEllleMm2) 

,396 N' | T 

20 25 MeV 20 MeV 
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SEMI -CLASSICAL DESCRIPTION OF SLOW NEUTF.ON RESONAKCES 

K.Haczmarczyk and X.Przytu ia , 

I n s t i t u t e of Phys i c s , Un ivers i ty o f bods, 

u l ."arutowicza 68, 90-136 Lodz, Poland 

A b s t r a c t : An e x c i t o n model method of c a l c u l a t i o n of reduced neutron 
resonance widths i s presented . The r e s u l t s of c a l c u l a t i o n are compared with. 
experimental data . 

The s e r i o u s d i f f i c u l t i e s i n t h e o r e t i c a l p r e d i c t i o n s of the neutron 

resonance parameters, i n p a r t i c u l a r the t o t a l and p a r t i a l widths , c a l l f o r 

the search of some simple approach, which could o f f e r an easy method for the 

e s t i m a t i o n of above mentioned c h a r a c t e r i s t i c s . Such an approach was proposed 

i n L^J« *t i s the s e m i - c l a s s i c a l d e s c r i p t i o n of the s t ruc ture of neutron 

resonances , based on the e x c i t o n model L —J- ^ e bas ic f ea ture of t h i s approach 

i s the p o s s i b i l i t y to f i n d the raean t i n e 9 which the e x c i t e d nucleus spends i n 

the conf igurat ion with i - p a r t i c l e s above Fermi l e v e l , a s a function of the 

i n t r a n u c l e a r t r a n s i t i o n r a t e s Д ~ , and emiss ion r a t e s Д . As i t was pointed 

o u t in L1Jt a n d i n L^J o r M » ^ e integration of the set of coupled master 

equations at. civen boundary conditions leads to the system of linear alrehraic 

equations with 9 . Taking into account the proper conditions for considered 

case, namely 

? ( t j * О .ц at t = 0 and ^("t/ = 0 for t - «• , 

one obtains the solutions 

0 
where D is the determinant of the coefficients of master equations, i.e. 
a - „ = "(A* +A~ • A h a~ „ 1 ж A + i» a 1 я \~ <» a^d a = 0 for r,r I '*r г ' 1 r / ' r,r-1 " r - l r,r*1 '»r+1 r,g 
| г - s j ^ 1 . The D1 i s the min r̂ of the element a with "i" taking the values 

1,2 . . . 1c, where к i s the maximum number of excited nucleons at given excita

tion energy U » Sn. This limitation for "i" comes from Pauli exclusion and 

energy conser Ation principles. 

The meau lifetime and total width of the excited resonance level are 

& 
and I « -

and the structure of the excited nucleus i s tfiven by average contributions of 

various i-particle configurations 

The ле time 9,, lifetime X , width I and structure depend on the Ar» A r
 a n d k» 
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з were performed assuming the equ id i s t an t spacing model 

l e v e l density g = A/13 (i-IeV* / ^ F o r evaluat ions of i n t r a -

i t es the Golden tele was used: X i . = 2 l l f l * M ^ * 0 м 1 / ' 

these values are determined by the nuclear model and some proper assumptions£1 J . 

The ca lcula t ions were performed assuming the equ id i s t an t spacing model 

with s i ng l e -pa r t i c l e 

nuclear t r an s i t i on r a t e s 
"*• — •••• •• 2V m'il -3 

where the average squared two-body transition matrix element was: H = KU A 

T5I and the level density of accessible final states Qf(i.) was taken from [бJ. 
.Emission rates Д were calculated from single particle width Ifor neutron emi
ssion! and from V/eisskopf's estimation for photon emission at quite simpli
fied assumptions. 

The average neutron reduced widths were calculated fron the relation 
Г ° = РуГ"° » where j~° = 1.48 • 104 • A" 5 (eVJ. In order to explain the shell 
effects in the dependence of | on the neutron number I reported in f7j and \js\f 

the shell model energy gaps in calculations of "k" were taken into account. 
The obtained results are shown in Fig.1. and Fig.2. The points in ?ig.2 are the 
experimental data. In spite of very simple assumptions the -eneral tendency, 
shown in Pig.2, can be reasonably described. The calculated absolute values of 
Tfandf") are much overestimated (~ 100 times) although the shape of dependence 
on neutron number is rather correct. 
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QUAilPAHTIClH-PHCNCK CCUPLIUG 1Я IHSLAoTIC РЯСКИ ЗСАГТЕНГ"$ 

3 . V.'eißbach, ГО Dresden , S e k t i o n Physik , ".."Э Theoret i sche Phys ik , 
T) 4P. 8027 Dresden, Tfoimsenstraae 13 

oc A b s t r a c t : Vultistep-proeess-s in inelastic proton scattering Ггок ~'Y 
are analyzed by using CC3Ä and T-.̂ A. г=з; i en a quasi particle ph^non ruclear 
structure model. Indirect excitation;; caused by quasiparticle г-cncn coupling 
effects are found to be very important for the transition strengths and the 
shape of angular distributions. ?ore excitations are dominant for the higher 
order steps of the reaction. 

1. Introduction 
The analysis of inelastic proton scattering frca: odd-even nuclei in the aass 
re-icn of A 90 with a closed sin-le neutron shell (ii=$C) shotq, that it is 
necessary for a better understanding of the experimental data to overccr^e the 
weak-coupling' assunptioviS (see for exan^!*. refs. ')» 2), 3) )• -t see^s, •'-hat 
suc'i reactions are characterized by an interplay between phonon and quasipar
ticle (qp) rodes of excitation and cannot be understand by consideration of 
only оп~- cf both different types of derrees of freedom. The aor^ с ssp lichte.! 
?+r icJv.ro of t.ar-et ntates in the theoretical description then shculi "re con
nected v:it>. a sore complex excitation aeeha--_is- siailar to the cs.se cf trans
fer r-ao-urs lead in.-- to final states which :сг.,х couple to the ground state 
cf the tr< --et r.jcleus. 

". .uar;i part 1 ale-phoncn era >lin~ in -'(n.p') 
?cr studying the qp-phonon coupli"-->~ effects wo have analyzed the eyperî ier.t4l 
results of P\(p,p') with Z =2C2 VsV obtained by liulstjan et al. 1). This 

** 86 
nucleus can be understood as an even-eve-. Sr cere to which a 2p„ ,~ orcton 
qjasiparticle couples to the 1/2* ground state. The qp-phonon coupling for the 
excited states is described by the semiimcroscopic treataeat cf odd-even nuclei 
developed ry \3oloviev 4). 
2.1. The model 
'•Within the qp-phonon aodel the wave function for a target state with spin 1 and 
its projection " hecones: 

* i, =/iKK * & >>* К ^ и } (i) 
where ei, is a quasiparticle creation operator, Q, <„is a ohonon creation ooera-
tor for a phonon with spinЛ, projection/«and root number i of the ПРЛ calcu
lation. "V is the number of the barret state 11!-!> according the secular equation 
for the -пег/ту i). j n (1) two and -ноге phenor contributions are neglected and 
the Pauli principle is not taken fully into account. 3ueh an approach success
fully «as used for predictions of level densities and electromagnetic transiti
on rates as well as for calculations of neutron strength functions and for ana
lysis of the structure of /riant resonances 4 ) . 3enerall7 it gives a good des
cription of average properties of nuclei at hi?h excitation energies. 

ал — 
3ased on this model we have analyzed Y states of spin and parity 3/2 , 5/2 , 
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7/2", 9/2", 5/2*, 7/2*, 9/2+ below 5 MeV excitation energy. In order to bulla 
up the wave functions of 'Y, the even-even core Sr with phonon excitations 
of multipolar!ty and parity 2 +, 3~, 4*, 5" serves as a starting point. The 
phonons have been calculated within EPA including all single particle states 
from Is.)/, up to И^з/о * o r protons and neutrons. The strengths of the Eulti-
pole-sultipole forces have been chuosen to reproduce the experimental energies 
for the first (collective) 2* and 3~ phonons. The single particle wave functi
ons are calculated for a Yi'ood-o&xon potentials with parameters taken from 5). 

89 Рог the qp-phonon coupling in 7Y we considered the odd quasiparticle to be in 
the following states: 2p1/2, 2p3/2, 1f5/2, 1f7/2» 2d5/2» 1^7/2» 1e9/2# T h r e e 

main types of states are given by the calculations: 
i) Nearly pure qp states, for which the first term of (1) dominates. 
ii) tfeak-coupling mult1piets, where the second term of (1) dominates. 
ill) States with strong qp-phonon coupling. Рот 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 ehowes this clearly: 
Ь/2*> = C.17[|2d5/2>+ 5./lg9/2+2+]5/2+ -1.8[2p1/2+3^5/2+j (2) 

— 89 
Because the 1/2 ground state of У is in good approximation a pure one-qp-
state, it is clear from (2), that the first component can be excited by a 
2p-y2-2dc/2 qp-tranaition directly from the ground state and the third also 
can be excited directly by an octupole excitation of the Sr core. The exci
tation of the second component of (2) is only possible by two or more steps. 
So at first a qp-transition 2Pi/2~1So/2 (e^oi^ation °f a 9/2* one qp-state) 
followed by a 2* quadrupole excitation is a possible way as well as the oppo
site one. It should be remarked, that in (2) all components which give contri
butions less than I'» have been neglected. 
2.2 To the calculations 
The differential cross sections for "ie isolated levels were calculated with
in DWBA and CCBA by using the computer code CIIÜCK 6). For the calculation of 
he distorted waves in the incoming and sxit channels the same optical poten

tial was used as for the Э'.ЗА 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-caleulations. 
The non-diagonal coupling matrix elements were calculated based on (1) and 
used as input data for the program CHUCK. For the calculation of the single 
particle transition matrix elements to which the coupling matrix is decomposed 
we used a Yukawa interaction with the strength V0*1C0 XeV and the Yukawa pa-
raaeter b=1 fa. The parameters for the Wood-Saxon potential to calculate the 
single particle wave functions were the same as for the structure calculations. 

2.3» Results 
The results of the analysis of excitations of states of the first and second 
type discussed above aay be characterized as follows: 
i) The differential cross section for the excitation of the 9/2* (0.90ft MeV) 
one-qp-state Is well reproduced by the DWBA-calcjlatioas. For the 3/2" (1.507 
MeV) sad 5/2* (1.74 MeV) states a pure qp-excitation gives transition strengths 
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which represent only 2.5# resp. 1j6 of the observed strengths. This fact reflects 
a stronger qp-phonon coupling than it is included in the model, 
ii) The stronger spreading than expected in the weak-coupling theory of the 
collective octupole is well reproduced. Transition strengths and angular dis
tributions for the observed 5/2+ (2.22 KeV), 7/2* (2.53 MeV) and 5/2* (2.86 
KeV) are in good agreement with the experiment. 
ill) The observed If=4 transitions between 4 MeV and 5 MeV excitation energy 
are understandable аз excitations of noncollective 4 phonons which couple to 
the 2V]/2 odd quasiparticle. The transition strengths of the resulting 7/2" 
states is slightly overestimated compared to Sr(pfp*) results while for the 
two 9/2" states both agree. 
iv) Also some L=3 transitions detected at excitation energies greater than 4 
MeV and L=5 transitions below 4 "eV are well described by noncollective 3" and 
5" excitations of the core. 
v) The multiplets given by the coupling of. 2* phonons to the odd 2p1y2 quasi
particle give transition strengths much larger than observed in the experiment. 
The observed so called experimental L=2 transitions 1) for hig*-^r lying states 
can be explained by the excitation of the 2de/o-1 gn/p п в и* гоп particle - hole 
configuration. 
?or exe-tation of states of the third type discussed above it was found, that 
interference effects between qp and phonon contribution to the coupling matrix 
(for example the contributions which follow from the first and third term of 
(2)) have essential influence to both the transition strengths and the shape 
of angular distributions. 
In the following some typical effects caused by rmltistep-processes due to 
wave function components which do not couple to the rround state will be dis
cussed. The struct ire calculation gives a 5/2" state with the following impor
tant components: 
/5/2">= C.25[/lf5/2>+ 3.9Jl*5/2+2i]5/2- -0.69|2p3/2*2*I5/2-J (3) 
Only the one-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 stages and weak-coupling siailar states connected with 
the 2* phonon. Including 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 hi eher order step of the reaction. 
As one can see from fig. 1, the differential cross section of the ССЗЛ-calcu-
latiun gives a reasonable explanation of the observed angular distribution for 
the 3.513 MeV (L-2) transition. 
A similar example of indirect excitation mechanism one has for the case 
|3/2"> = 0.19[|2pv?W *-*[i*5/2*'2lJ3/2- • 2 ' 7 1 2 Ь / 2 * 2 ^ 3 / 2 ' ] <*> 
The results of ШВА- and CCBA-calculations for this state are shown in fig. 1 
too. In opposite to the state (3) here the ratio between cross section* of the 
first and second maximum increases, though the coupling mechanisms are the 
same. The reason for this may be seen In that fact, that the phase relation« 
between direct and Indirect contributions in both oases «re different, km in 
fig. 1 Is »hewn, we have identified this state with the observe« Э.Обв MsT 
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(L=2) trans i t ion . The s l ^ h t discrepancies of ezporirjental ?.r.i theoretical an
gular distributions can be explained with the too srrall 2p, ,_ one-qp-streigth 
in ( 4 ) . The strong influence of channel couplings due to ~ phonons i s also de
monstrated in f i g . 2 for the case of a ?/2+ s tate ?äth the Го!1о^1г.£ structure 

|9/2+> = C ^ l l g 9 / 2 > + С*э[2Ь/2+5'2]9/2+ - 3 . 5 f l r . V 2 + 2 * J 0 / 2 * -
- C.48[2p1/2+5^J9/2+J (5) 

As i t can be seen, a s tate of th is structure - ivrs a-, appropriate description 
of the experimental observed angular distribution '=v.i transit ion strength of 
the L=5 transi t ion detected at 2.565 '*~f exc i tat ion energy. I t i s reaarkable, 
that the channel coupling effect i s here the SOQP as one gets by inclusion of 
core polarization into З'.ГЗА-с- l e u l i t i c n s 2 ) . 
Further f i g . 2 demonstrates the influence of rnultistep-proeesses due to non-
c o l l e c t i v e phonon excitat ions for the example of f i e following 5/2* rotate: 

|5/2+> = C . 4 5 p i 5 / 2 > + 1 ' 7 [ 1 ' 0 / 2 + 2*J5 /2 + + c • 5 7 f 2 ?1/2*3з15/2+ + C.5l/ls,/2**J/2* 
- C.3?riff? /2+ 2Tj5/2+ - - ? 9 [ 2 ? 1 / 2 * 3 ; ] 5 / 2 + " (6) 

How i t can ЪР seen fror: f i » . 2 , the contribution of indirect excitat ion to the 
t-ansit ior. strength i s important, but no influence to t:ie sh/v-- of *he an-u-
lar distribution can bs seen, 'fere direct and" indirect cont>-iv:iticns have the 
sane phases. In such cas-^s, whoro the phages arc opposite, the in-'-u^nee of 
channel coupling i s ._uch saal ler (see f . e . the third rr.ir.ole in ~ i - , ? } . 

3 . Conclusions 

The analysis show, that the qp-phonon coupling <-iv«s soae progress in the the
ore t i ca l interpretation of t i e ine las t i c proton scatter ing experiser.ts froa 
odd-even nuc le i . ;;ultistep-processes caused by qp-phonon coupling beccsre - e a -
ningful for the reproduction of measured trans i t ion strengths as «,-«11 as Tor 
the explanation of the shape of angular distributions* in particular for weak
l y excited s t a t e s . Higher order exci tat ions are mainly caused by phonon e x c i 
tat ions of the core after exci tat ion of one-qp components, ^he phase relat ions 
between direct and indirect contributions to the transit ions have irjpor'nnt 
influence t o the r e s u l t s , e spec ia l ly in the case of qp-quadru?ole cou-l inr the 
Eodel f a i l e s in the prediction of one-qp »trenfths and the distribution of the 
quadrupole strengths, 'fere some e f fort can be »x"»ec*ed fcy inclusion of twe 
phonon components and taking into account the Pauli principle «x^ctly. 
More detailed the resul ts r i l l be published elso^rher». 
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DIRECT PROCESSES IN (N.2N) - REACTIONS 

R. Reif. R. Wolf 

Technische Universität uresden. Sektion Physik 

3027 Oresden. CDk 

29 
A b s t r a c t : The reaction Si(p.p'n) has been treated in DWBA 

neglecting pn-correlations in the outgoing channel. After integra

ting the reaction angle of the ejected neutron, nunerical results 

have been obtained for the emission spectrum and the angular distri

bution of outgoing protons. 

1. Introduction 

A review about recent works in (ppn) reactions /1-3/ allows us to 

•ake the following conclusions /1-3/: 

1. At incident energies near 40 Mev the direkt knockout mecanism 

dominates the (ppn) reactions /1-3/ on light nuclei and, aHhcufh. 
distortion effects are reaarkable. the РУЛА calculations give 
a reasonable agreement with experimental results /1/. 

2. In the lower incident energy region, near 10 MeV are tne inelastic 
scattering (pp") or the exchange (pn) mecanism lead to an ex
cited nucleus (target) which then cecals by a neutron or, respek-
tively, proton boiloff the most favoured process /3/. 

3. In the medium energy region both processes ere in competition. 
There Is a strong distortion from the final state interaction of 
the nucleons with the nucleus /2,1/. 

4. The (pd) reaction la also in competition with the processes 
discussed above. But the (pd) reaction emphasizes the high 
momentum components of the wave function of the target nucleus/W 
and is not relevant hare. 

Our aim is to look for the yield of the direct knockout mecanism 
in the region of strong distortion . Our approach la based on 
the following sir pie picture; 
A OWQA calculation allows for a reasonable description of precompound 
effects in the differential cross section of inelastic nuclaon -
nucleus scattering processes at medium incident energies /5/, in 
particular, if one includes second order affects /6/. In euch an 
approach the total strength for a one-step transition with given 
energy loss and angular momentum transfer is composed incoherently 
out of single particle excitations with the excited nucleon occu
pying bound single particle states In the shell model potential of 
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the target. On the saae basis, the contribution of direct processes 

to the angular correlation, angular distribution and emission spectra 

of (N.2N)-reactions can be calculated by assuming that a single in

teraction between the incoaing nuceon and an active nucleon of the 

target is promoting the latter to a final etate in the continuous 

part of the single particle spectrue. 

2. Transition amplitude 

In order to siaplify the calculations the targets ground state is 

assumed to consist of a single neutron in a »-stateYj/W bouno to 

an inert core. The incomim: proton with «omentun interacts 

with the neutron via a central Yukawa interaction 

e_ (i) 

creating a f i n a l s ta te , which is taken as a product of two cont i 

nuum wave functions X.fo and X-£n for the outgoing proton and 

the elected neutron, respectively (E « E . • £ ö l Эпт b in-
* ' и p n • n 

ding energy of the neutron). Here . i t has been assumed, that the np 
in teract ion in the f i n a l channel is small compared to the mean po
t e n t i a l , so that the formation of deuteron as an intermediate 
s ta te can be neglected. The t rans i t ion matrix element in DWBA 
i s given by 

(2) 

After a mul t ip le expansion of the e f fec t i ve in teract ion 

l̂ A* % T^plK^I^U) (3) 

and a partial wave decomposition of the scattering state the 
inner matrix element can be expressed by radial integral* 

I*, [rj' Jdr^ i*v 6g*v fa) u0(vw) ( 4 ) 

where U denoter the radial part of the continuum wave func
tion of the neutron. Tie angular momentum transferred in the 
two-body Interaction coincides with the »nqvlmr nomentue(trans-
of tho ejected neutron. In eq. (4), no problems with convergence 
appear becaus e of the exponential decay of the bound state wave 
function £(. for ( Л ^ ^ .If the neutron i» not observed in 

http://Here.it
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the experiment, the differential cross section proprtional to 
/7"/ can be integrated over the direction of the emitted neutron. 
Consequently, the interference teras between the different 
transferred angular aoaenta disappear, and the total transition 
strength for a given inelasticity of the proton is a sua of par
tial cross section for transitions . in which the excited neutror. 
occupies different partial waves in the continuua. 

i. Nuaerical results 

The emission spectrue and the angular distribution of protons 
have been calculated according to eq. (?) for the reaction 
од 28 
Si(p.p*n) Si at an incident energy Q « 30 MeV. The distorted we-P 

ves XftXj^pt have been calculated in optical potentials with 
parameters taken from ref. / 7 / . The neutron radial wave functions 

•at« * £ . ware computed in the saae real Woods saxon potential 
' -1 

given in ref. / 6 / . Standard parameters V_«100 MeV,JL. * 1 f« 

have been used in the effective interactions 4}^,, e q . (1 ) . Par

t ia l waves up t o t x 6 have been taken into account. 

Eecause of the node in the 2s. .-wave function Zc0 . the reac

tion is not completely localized in the surface region. For a 

given value of c' • the macnituce af :he aaln peak in the tran

sition fo-mfactor varies strongly with the energy because of the 

single particle resonance structure of the continuua. So. the 

partial cross sections exhibit a rather pronounced resonance be

haviour with e.g. a width of several MeV and a distance of about 

10 MeV for the s- and p-waves (soe f ig . 1 ) . 

?' 

Fig. 1. Cross section 

of 29Si(p,pn) E «30 MeV 

The partial cross section deceases by several orders of magnitu

de if the neutron aaistion energy takes a value In between »ingle 

particle resonances. This result supports the projection ееthod 
proposed in ref. /9/. The spectrum summed over c' showes a struc
ture for E P' 20 MeV end 6 . £• 14 MeV, which reflects the 
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appearance of s- and p-resonances and s- and g-resonances, 
respect ively . The cross aection of about 10ub/HeV is in good agree
ment with the results obtained by Yezhov and Plyuyko / 1 0 / i n e i e i -

59 l a r calculat ion for the reaction Co(n.2n) , E « 16 MeV. 

4 . Conclusions 

One can conclude, that an appreciable aaount ( t o 15%) of the cross 
•ect ion of ( N , 2N) reactions at a aedium level of Incident energies 
result fron a f i r s t - o r d e r knock-out Mechanise. The OWBA can be 
used tc estimate the influence of the (N, 2N) channel on the angu
la r d is t r ibut ion of precompound processes above the threshold. 
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КИНЕТИЧЕСКИЕ ЭНЕРГИИ ОСКОЛКОВ ДЕЛЕНИЯ ЯДЕР БЫСТРЫМИ НЕЙТРОНАМИ 
Н.П. Дьяченко, Б.Д. Кузьминов, В.Ф. Митрофанов, А.И. Сергачев 
Физико-энергетический институт, Обнинск, СССР 

Аннотация 
Выполнены измерения кинетической энергии осколков при делении ядер 2327Ь и 23fy нейтронами в области энергий от порога до 5,5 Мэв. на основе полученных результатов и с привлечением экспериментальных данных для других ядер обсуждается природа локальных вариаций средних кинетических энергий осколков (Ек) вблизи барьера деления. Построена систематика % в координатах 1 и А делящихся ядер. Рассмотрена возможность извлечения сведений о диссипативных свойствах коллективного движения ядра к точке разрыва из экспериментальных данных о кинетических энергиях осколков деления. 
Введение 
Осколки, как конечный продукт сложного коллективного движения ядра, несут ин
формацию о свойствах этого движения. В частности, кинетическая энергия осколков 
складывается из нескольких компонент, характеризующих коллективные движения 
ядра на разных этапах процесса деления. По величине вклада этих компонент мож
но судить, в какой степени энергия коллективных движений делящегося ядра дисси-
пирует в энергию возбуждения. В связи с этим возникает задача по определению 
величин отдельных компонент, составляющих кинетическую энергию осколков деления 
ядер. 
К сожалению, в прямом опыте измерить отдельные компоненты не представляется 
возможным. Однако, используя модельные представления о зависимости их величин 
от энергии возбуждения, массового числа и заряда делящихся ядер, от способа 
разделения нуклонов между осколками, можно надеяться оценить величину отдель
ных компонент. Например, существование локальных вариаций средних кинетических 
энергий осколков при делении ядер вблизи барьера принято связывать с влиянием 
коллективных переходных состояний, а изменения Е к в широком диапазоне энергий 
возбуждения - с проявлением диссипации при спуске ядра с барьера. 
В настоящей работе отмеченные выше проблемы обсуждаются на основе новых экс
периментальных данных о делении ядер * Th и 3 ^нейтронами с привлечением 
результатов измерений кинетических энергий осколков для других ядер. 
Метод измерений 
Метод измерений кинетических энергий парных оскоков при делении ядер быстрыми 
нейтронами был достаточно подробно изложен в работе [i]. Отметим лишь некото
рые специфические моменты. 
Калибровка энергетической шкалы осуществлялась с использованием констант, пред
ложенных в работе [2] для случая деления ядер Uтепловыми нейтронами. Раз
личие потерь энергии осколками в слоях и подложках 5(J и 232 Th определялось 
при делении ядер 2 3 2Ih нейтронами с энергией 1,9 Мэв и ядер 2 3 5 U тепловыми 
нейтронами. При этом для осколков деления ядер тория принималось значение 
Ё„ = 162,79 Мэв [з]. Для использованной геометрии измерений (диаметр слоя 2 см, 
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рабочий диаметр детекторов - 2 см, расстояние между детекторами - 2 см) м при 
средней потере энергии парными осколками в подяожке, делящемся слое м нечувст
вительном поверхностен слое полупроводникового детектора - 5 Мэв, поправка на 
различие угловых распределений осколков деления ядер Jh не превынала 150 кэв 
во всём исследованном диапазоне энергий нейтронов (1,4 - 5,6 Мэв). Поскольку 
в литературе появились новые данные об угловых распределениях осколков при де
лении ядер ТЬ нейтронами [4], были пересмотрены соответствующие поправки, 
внесённые в результаты измерений работы [5]. Исправленные значения В, приведе
ны в таблице I совместно с результатами, полученными в настоящей работе. В тех 
случаях, когда энергия нейтронов совпадала, приведены средние значения резуль
татов измерений настоящей работы и работы [5]. 

Таблица I 
Средние кинетические энергии осколков при делении ядер ТЬ нейтронами 

Er» С"*») h <Мэв> *„ (Иэв) В, (Мэв) 
1,32 
1,37 
1*0 
1,47 
1,52 
1,58 
1,60 
1,65 
1,70 
1,76 
1,86 
1,90 

162,10 i 0,10 
161,95 * 0,13 
162,52 * 0,10 
162,46 * 0,10 
162,50 * 0,10 
162,53 ± 0,10 
162,70 * 0,10 
162,90 * 0,10 
162,93 * 0,10 
162,90 ± 0,10 
162,78 * 0,10 
162,79 ± 0,10 

1,96 
2,04 
2.14 
2,18 
2,24 
2,45 
2,59 
2,74 
3,14 
3,54 
5,78 

162,92 * 0,10 
162,54 I 0,10 
162,39 ± 0,10 
162,50 * 0,13 
162,96 * 0,10 
163,45 i 0,10 
163,75 ± 0,13 
163,47 * 0,15 
163,77 I 0,15 
164,19 * 0,14 
164,49 I 0,18 

Абсолютное значение средней кинетической энергии осколков при делении ядер *\j 
нейтронами определялось для Е п = I.I4 Мэв относительно средней кинетической 
энергии осколков при делении ядер 5 5 U тепловыми нейтронами. Чтобы избежать 
неопределенностей, связанных с различием толщин слоев я подложек, измерения 
проводились на одной и той же кииени урана, содержавшей примерно, 90 % изото
па 236(_/и 10 % изотопа 2 3 5U. Толщина слоя составляли 50 мкг.см2. В результате 
измерений получено E R = 172,5 х 0,1 Мэв при Е„ = 1,14 иэв с учетом поправки 
на испускание мгновенных нейтронов деления. Все другие измерения на быстрых 
нейтронах проводились с мовоизотопшш 2 3 6 U Поправки на различие потерь энер
гии осколками, обусловленное различием их угловых распределений, не превышали 
200 хэв во всем нзученном диапазоне энергий нейтронов (0,5 - 5,6 Мэв). Эти рас
чёты подтвердились экспериментальным сравнением потерь энергии осколками в под
ложке слоя для случаев деления " ° U нейтронами с энергиями 0,94 Мэв (угловое 
распределение осколков вытянуто по 90°) и 1,14 Мэв (угловое распределение вы
тянуто вперёд). Разница потерь энергии в подложке не превышала ошибок измерений 
(£00 кэв) при полной потере 2 Мэв. Результаты измерений средней кинетической 
энергия осколков при делении ядер 2 5*и нейтронами приведены в таблице И . 
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Таблица II 

Средние кинетическим энерпш осколков при делении ядер 2 5 6 U »ситро» 

Е„ (*в) \ (•») *„(•»»> *, (•») 
0,61 
0,02 
0,07 
0,11 
о.ог 
I.I* 
1,35 
1.55 
1,75 
I . » 
2,16 
2.36 

1.7*34* 
172,63 * 
172,09* 
172,00* 
172,18 * 
172,53 * 
172,58* 
172,*** 
172,38 * 
172,4** 
172,18 * 
172,21 * 

0,20 
0,10 
0,12 
0,10 
0,10 
0,10 
0,10 
0,10 
0,10 
0,10 
0,10 
0,10 

2,5* 
2,75 
2,96 
3,16 
3,3* 
3,5* 
3,60 
^,5Я 
*,*6 
*,80 
5.12 

172,20 * 
172,0** 
172,06 * 
172,1* * 
172,20 * 
171,95 * 
172,00 * 
172,02 * 
171,8* * 
171,79 * 
171,90* 

0,10 
0,10 
0,10 
0,10 
0,10 
0,10 
0,10 
0,10 
0,10 
0,10 
0,10 

Обсуждение результатов измерений 
На рисунках I к 2 пош«шш зависимости кинетических энергий осколков (8^) от 
энерпш нейтронов, iiuinnim деления ядер 2 Й Т Ь к ядер изотопов урана. Вблизи 
барьера деления величины Ц претерпеваат яеболыяе изменения, близкие по поряд
ку величины к энергиям коллективных переходных состояний. Тот фькт, что эти иэ-
•енення Eg локализуются в той же области энергий возбуждения где происходят из
менения угловых распределений осколков, стимулирует пояски общих причин, вызы
вавших эти изменения. В работах [б - 9] в разных вариантах предлагалось вели
чину изменения кинетической энергии осколков связать с энергией коллективных 
переходных состояний. Однако, недостаток сведений о структуре переходных состоя
ний для исследовавпэся делящихся ядер 233ТЬ и 2 3 7 U затрудняет оценку справедли
вости этих концепций. 

Рнс. I Зависимость средней кинетической энерпш осколков от энерп ш нейтронов, вызывающих деления ядер тормя-232. В качестве опорного принято значение El при В„ * 1,9 й Ь . U - 9, а - 13, о - настоящая работа). 

и~1*9Ш 
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Рис. 2 Зависимость средней кинетической энергии осколков от энергии нейтронов при делении ядер изотопов урана ГЗJ. Данные для урана-236 - результаты настоящей работы. 

Существуют • другие аргумен
ты, заставляющие проявлять 
осторожность по отношению к 
модельным концепциям [б - 9]. 
В частности из них вытекает, 
что изменения средних кинети
ческих энергий осколков по 
мере роста энергии нейтронов 
отражают изменения вклада в 
сечение деления различных 
коллективных состояний. Так 
как индивидуальным каналам 
деления соответстуют разные 
угловые распределения оскол
ков, то следует ожидать и 
угловой зависимости Ё к. В ра
ботах [iO - 12] выполнены из
мерения средних кинетических 
энергий осколков, разлетающих
ся под углами 0° и 90° к на
правлению движения нейтронов, 
вызывающих деления ядер ТЪ, 
4J, U. Результаты изме

рений приведены в таблице 3. 

Таблица III 
Угловая зависимость средней кинетической энергии осколков 

Ядро-мишень Е п (Мэв) Е к (Мэв) 
0° 90° 

Работа 

232 Th 
1,55 
1,70 
3,0 

160,6 ± 0,15 
161,0 ± 0,2 
161,45 * 0,1 

160,6 ± 0,15 
161,2 * 0,2 
161,55 * 0,1 

[12] 
[12] 
[12] 

235 и 
0,12 170,0 ± 0,4 
0,5 169,9 ± 0,4 
3,0 170,08 ± 0,10 

170,5 * 0,4 [10] 
170,3 * 0,4 [10] 
170,16 * 0,10 [II] 

238 и 1.5 170,2 ± 1,0 
1.6 170,47 * 0,15 

170,8 * 1,0 [10] 
170,64 ± 0,15 [II] 

Различия средних кинетических энергий осколков, превышающие ошибки измерений 
не наблюдались. Возможно, что в работах [ Ю - 12] неудачно выбрана энергия ней
тронов или недостаточна точность измерений или деление протекает только по од
ному каналу, но по-крайней мере, необходимы дополнительные исследование зависи
мости Ё к ото, чтобы роль переходных состояний в изменениях 1 к стала более ясной 
ной. Уменьшение кинетической энергии осколков при делении ядер 2 3 2ТЬ нейтрона
ми с энергией 2,14 Мэв следует рассматривать как переход к делению через низко 
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лежащий коллективный канал или как появление при этой энергии одночастичного 
состояния. По мере роста энергии возбуждения роль одночастнчных переходных со
стояний должна возрастать, а добавка к средней кинетической энергии осколков, 
обусловленная делением через коллективные состояния, должна уменьшаться. В слу
чае деления ядер ^ Г Ь нейтронами рост кинетической энергии осколков продол
жается по-крайней мере до Е п = 5,6 Нэв. 
Предположение о сохран:нии энергии коллективных движений, установившихся в сед-
ловой точке, вплоть до момента разрыва ядра может не выполняться, поскольку 
при движении ядра от седловой точки к точке разрыва меняются как деформация 
ядра, как и его структурные свойства, и энергия коллективных движений может 
диссипировать в тепло. 

Другая составляющая кинетической энергии осколков деления, которая обусловлена 
спуском ядра с седловой точки - трансляционная кинетическая энергия - также за
висит от диссипативных свойств ядерной системы при спуске с барьера. При малой 
энергии возбуждения делящихся ядер энергия коллективного движения к точке раз
рыва не диссипирует в энергию возбуждения. Поскольку расстояние между одночас-
тичными уровнями велики. По мере увеличения энергии возбуждения диссипация бу
дет расти, а предраэрывная кинетк'/еская энергия - уменьшаться. Такое явление 
наблюдается при делении изотопов плутония (рис. 3). в меньшей степени это про

является для изотопов ура
на и несправедливо при де
лении ядер Th нейтрона
ми. Однако при делении плу-
тониния в рассматриваемой 
области энергий нейтронов 
имеет место отчётливая за
висимость изменений кинети
ческой энергии парных ос
колков от массы тяжёлого 
осколка [i], причем для 
наиболее асимметричных спо
собов деления с ростом 
энергии возбуждения проис
ходит увеличение Ёк, что 
трудно объяснить с точки 
зрения дисспации. 

т 
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Рис. 3 Зависимость средней кинетической анергии 
осколков от энергии нейтронов при делении ядер 
изотопов плутония [3]. 

В настоящей работе был вы
полнен анализ зависимостей 
средних кинетических энер
гий осколков от порядково
го номера (Z ) и массового 
числа (А) делящихся ядер. 
Относительная точность из
мерений Ё к при делении ней
тронами ядер в области то
рия-плутония составляет 
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около 0,5 Иэв [з], что позволяет достаточно жёстко судить о степени соответствия 
модельных представлений экспериментальный данным. Спонтанное деление ядер не 
включено в рассмотрение, так как разница средних кинетических энергий при спон
танном и вынужденном делениях одного и того же ядра может достигать 2 - 3 Иэв 
[з], а физическая причина такого различия не ясна. Чтобы избежать неопределен
ностей, связанных с влиянием энергии возбуждения делящихся ядер на кинетические 
энергии исколков, значения Ё, выбирались для таких энергий нейтронов, при кото-
рых энергия возбуждения достаточно удалена от барьера деления, но не достигла 
области, где начинается систематическое уменьиение Ё к. Наиболее простая модель 
предполагает, что подавляющая часть кинетической энергии осколков обусловлена 
их взаимным кулоновскии отталкиванием. Если принять, что заряд ядра делится меж
ду осколками пропорционально их массам, то можно написать следующее соотношение: 

г К <А - "н> 
А* 11/3 

11н - среднее массовое числа тяжёлого осколка, а С где 
постоянные коэффициенты. Для определения 
нии 2 5 5 U тепловыми нейтронами Ё к = 172,2 Иэв. 

включает формфактор и 
величины С было принято, что при деле-

На рисунке * сравниваются рас
четные v экспериментальные значения ER. Расчетная зависимость Ё к от А и Z хоро
шо совпадает с экспериментальной. В Использованную модель фактически заложено 
предположение о сильном демпинге при спуске с барьера. Однако хорошее совпаде
ние расчётных и экспериментальных результатов вряд ли может быть использовано 

для обоснования такого принципиаль
ного вывода, так как эксперимен-
тальний материал характеризует слив-
ком узкую область ядер, для которых 
изменения Z и А не превышают 5 %. 
Возможность включения в анализ вы
нужденного деления более тяжёлых 
ядер ограничивается отсутствием сис
тематических экспериментальных дан
ных и необходимостью применения бо
лее строгих моделей, учитывающих, 
в частности, изменения форм-фактора 
С. 

6 заключении следует отметить, что 
проблема движения ядра к точке раз
рыва требует дальнейших теоретичес
кого и экспериментального исследо
ваний. Для ее решения полезны изу
чение дифференциальных характерис
тик кинетических энергий осколков 
деления и распространение исследо
ваний на более широкую область ядер. 
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Рис. 4 Систематика средних кинетических 
энергий в зависимости от£ и А делящегося 
ядра. (+- - результаты расчета, • - резуль
тат измерений настоящей работы, остальные 
значения взаты из работы 15]). 
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ИЗУЧЕНИЕ ЭНЕРГЕТИЧЕСКОГО СПЕКТРА НЕЙТРОНОВ СПОНТАННОГО ДЕ1ЕНИЯ Cf В ОБЛАСТИ 
НИЗКИХ ЭНЕРГИЙ + 

М.В. Блинов, В .А . Витенко, В .И. Юревич 
Радиевый институт им. В . Г . Хлопина, Ленинград , СССР 

Аннотация 
Методом времени пролета с использованием кристалла L0(£и) в качестве нейтронного детектора изучалась форма спектра нейтронов спонтанного деления t5ZCf в области энергий I кэВ - I МэВ. Особое внимание обращалось на энергетический диапазон ниже 200 кэВ. Полученные данные измерений указывают на возможность описания спектра во всем изучаемом диапазоне энергий однопараметровым Максвелловским распределением с Т = 1,42 МэВ. ^спектр нейтронов деления, нейтронный стандарт, калифорний-252). 

Определение точной формы энергетического спе«т>.а '^онов спотанного деления 
"С{ необходимо в связи с тем, что он рекомендо. . МАГАТЭ для использования в 
качестве стандартного спектра нейтронов деления. Это энергетическое распреде

ление может широко использоваться в различных нейтронно-спектрометрических исс
ледованиях для проведения относительлых измерений. Ценность данного стандартно
го спектра определяется точностью, с которой он известен, однако задача преци
зионного его измерения является довольно сложной. Частично это связано с тем, 
что изучавши спектр занимает очень широкий энергетический интервал. В настоя
щее время в области энергий от 0,5 до 8 МэВ результаты нескольких работ удовлет
ворительно согласуются между собой, хотя требуется дальнейшее существенное уточ
нение д.'.шых [i, 2]. В области энергий ниже 0,5 МэВ положение остается неудов
летворительным, так как разброс данных различных работ превышает 30 - 50 %, 
[з - б], что совершенно неприемлемо для стандарта. Измерения в области низких 
энергий представляет особые трудности, которые прежде всего связаны с влиянием 
рассеяния нейтронов более высоких энергий и ухудшением фоновых условий экспери
мента. 
В настоящей работе представлены результаты измерений спектра нейтронов спонтан
ного деления Cf в области энергий от I кэВ до I МэВ. Наиболее детально изу
чалась область энергий ниже 200 кэВ. Для повышения точности измерений влияние 
нейтронов, рассеянных детекторами спектрометра и окружающей средой, определя
лось, как экспериментальным, так и расчетным путем. В работе был существенно 
уменьшен фон случайных совпадений. 
Энергия нейтронов измерялась методом времени пролета. Нейтроны регистрировались 
кристаллом*/-''7(Си) диаметром 17 мм, толщиной 2 или 4 мм. Детектором осколков 
служил газовой сцинтилляционный счетчик, приклеенный непосредственно к миниатюр
ному фотоумножителю ФЭУ-71. Слой калифорния наносился вакуумным распылением на 
дно газового счетчика. Использовались два слоя калифорния (I • 10 дел/с я 
2 • 10* дел/с). Электг часть спектрометра подверглась существенным измене
ниям по сравнению с п. идущей работой [5]. Так, например, был использован вре
мя-амплитудный анализ импульсов нейтронного детектора, который привел к сущест-

+ Работа прозодится при поддержке Международного Агентства по атомной энергии 
(исследовательский контракт № 2048/ЯВ)» 
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венному уменьшению фона случайных совпадений. Дутем амплитудной селекцни в быст
ром канале регистрации осколков деления исключалась фон, связанный с появлением 
двух актов деления в измеряемом интервале времени. Эти усоверменствования поз
волили проводить измерения с интенсивными источниками калифорния на малых базах 
в области низких энергий. Поскольку для уменьшения влияьия рассеяния от фотоум
ножителя мы вынуждены использовать детекторы нейтронов с кристаллами малкх раз
меров, эффективность регистрации нейтронов низка. Это приводило к существенному 
увеличению необходимого времени измерений и, следовательно, к высоким требова
ниям к стабильности работы спектрометре. Одна серия измерений с соответствующи
ми контрольными опытами занимала от одного до двух месяцез круглосуточной рабо
ты установки. 

Измерения производились на нескольких пролетных расстояниях (62,5-, 125* 250 и 
500 мм) для сравнения результатов, полученных в различных условиях и повышения 
статистической точности измерений. 

?ис. f Аппаратурные нейтронные спектры (показана область низких энергий), полученные с помощью кристаллов, 1 - кристалл *иу(€и) (&Я - данные различных серий измерений для пролетной базы 125 мм.«,о + 
- данные для базы 62,5 ни), 2 - кристалл *tij(£o) ( о - данные для пролетной базы 125 мм, 
• А - данные для базы 62,5 мм). 

На рис. I показаны экспериментальные мпектры по времени пролета. Для иллюстра
ции вклада от реакций на ядрах иода здесь же приведены спектры, полученные с 
мощью кристалла Li J (Ей) аналогичного по своим характеристикам рабочему кристал
лу. Временное разрешение, оцененное по ширине гамма-пика на полувысоте, равно 
1,5 не. Фон случайных совпадений составлял при энергии 10 кэВ 10 % от эффекта. 
Для сравнения можно привести данные о фоне из работы [з], который был равен 
300 % для этой же энергии. 
В наших предыдущих работах [5, 7] мы стремились к уменьшению массы детекторов 
и создали весьма миниатюрные счетчики по сравнению с обычно используемыми ана
логичными детекторами з других работах [3, 4]. В данной работе детекторы ней
тронов и осколков остались теми же. Однако, мы считали необходимым определить 
влияние рассеяния от них более точно и в более широком диапазоне энергий» чем 
делали ранее. Экспериментальная оценка влияния рассеяния на газовом счетчике 
производилась путем удвоения его массы с примерным сохранением геометрического 
расположения. Оценить вклад рассеяния от нейтронного детектора было труднее, 
так как сохранить геометрию при удвоенной массе весьма сложно из-за непосредст
венной близости кристалла к фотоумножителю. Поэтому были выполнены как измере-
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н и , так и расчеты для оценки вклада нейтронов, рассеянных от фотоумножителя. 
Полученные таким образом поправки хороио коррелировали между собой. Многократ
ное рассеяние в кристалле и зго упаковке приводит как к изменению эффективности 
регистрации нейтронов данной энергии, так и вреименному сдвигу момента регистра
ции. Для коррекции этих искажений В.Н. Душиным была составлена программа, кото
рая реиает уравнение переноса нейтронов в геометрических условиях детектора ме
дом Монте-Карло [ ю ] . Использовалось 40 групповое приближение. Для нейтронов 
каждой группы вычислялся временной отклик сцмнтиллятора, который затем исполь
зовался для вычисления поправочной функции. При анализе возможных источников 
рассеяния нейтронов, мы приилк к выводу, что воздух также может вносить замет
ный вклад. Расчеты показали, что этот эффект существенно зависит от измеряемого 
интервала энергии и пролетной базы (например, для базы 6,25 см поправка равна 
7 % при энергии 10 кэВ). 

Рис. 2 Энергетическая зави
симость поправок на много
кратное рассеяние нейтронов, 
в кристалле для базы 250 мм, 
расчет ( ) , в фотоумно
жителе нейтронного детекто
ра для базы 62,5 мм, расчет 
( ) и на взаимодействие 
нейтронов с ядрами иода в 
кристалле для базы 62,5 мм, 
эксперимент (- - - ) . 

« «О 0 » 

En,fOß 

На рис. 2 показаны энергетические зависимости некоторых поправок на рассеяние 
и на взаимодействие нейтронов с ядрами иода. Величина суммарной поправки в об
ласти энергий I - 10 кэВ достигает десятых долей от эффекта. Естественно, что 
неучет этого явяения приводит к существенному завышению интенсивности в этой 
области. 

Рис. 3 Спектр нейтронов спон
танного деления z0zCf , получен
ный в данной работе ( • ) . Сплош
ная линия - максвелловское рас
пределение (Т * 1,42 МэВ). Дан
ные нормированы в области энер
гий 0,4 - 0,8 МэВ. Указанные 
ошибки - статистические. 
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На рис. 3 представлен спектр нейтронов спонтанного деления Cf в области 
энергий I кэВ - I МэВ, полученный в данной работе с учетом всех поправок, При 
вычислении эффективности использовались значения сечения реакции Li (п,А) из 
файла EHDf/3'V которые хорою согласуются с последними экспериментальными дан
ными [8, 9]. На рмс. 3 спловной линией показано Максвелловское распределение 
с Т = 1,42 НэВ. Экспериментальные точки располагаются достаточно близко от этой 
кривой во всем измеряемом диапазоне. Разброс точек в основном находится в пре
делах указанных статистических ошибок. Невольное (~5 %) систематическое откло
нение точек вблизи энергии 250 кэВ по-видимому обусловлено погревностьв исполь
зованных значений сечения реакции 6 L ! ( n e t ) . Таким образом, спектр нейтронов де
ления *^Cf * области анергий I каВ - I МэВ может быть аппроксимирован однопа-
раметровым Наксвелловским распределением. 
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АБСОЛЮТНОЕ ИЗМЕРЕНИЕ СЕЧЕНИЯ ДЕЛЕНИЯ 235 ПРИ Е = 2 , 6 МЭВ ПО МЕТОДУ КОРРЕ
ЛИРОВАННЫХ ПО ВРЕМЕНИ СОПУТСТВУЮЩИХ ЧАСТИЦ 

Р. Арльт, В . Вагнер, М.Ёш, Г . Музиоль, Х . - Г . Ортлвпп, Г . Пауи, У. Рихтер, 
Р. Тейхнер. 
Технический Университет г . Дрездена, ГДР. 

Л.В. Драпчинский, В.Н. Душин, В.И. Шпаков 
Радиевый Институт им.Хлопина, Ленинград, СССР. 

I .Введение 
Оптимальная конструкция и экономическая эксплуатация реакторов на быстрых 

нейтронах требует по возможности точное знание сечения деления важнейжжх и з о 
топов горючего / I / . Требования к точности данных особенно высокие в области 
около 2 . 5 Мэв.так как в этом районе энергии находится еще много делительных 
нейтронов. Кроме т о г о , сечения деления 235и является важным стандартом,для 
которого требуется однопроцентная точность / 2 - 4 / . На р и с . I сопоставлены 
данные из некоторых важных оценок. Представленная в работе / 5 / программа 
измерений должна помочь в преодолении существующих разногласий. Как часть 
реализации этой программы настоящая работа представляет предварительные р е 
зультаты абсолютного измерения сечения деления 235 и нейтронами энергии 
2 , 6 МэВ 

2 . М е т о д и з м е р е н и я 

В экспериментах на 150 киловольтном каскадном генераторе Технического 
Университета г . Дрездена впервые был применен метод коррелированных по в р е 
мени сопутствующих частиц для абсолютного измерения сечения деления / 6 , 7 / 
при энергии налетающих нейтронов - 2 , 6 МэВ / р и с . 2 / . 

Чтобы достичь требуемую точность 1-2% нужно добыть меньше одного процен
та статистической погрешности в счёте событий деления. Для этого необходимое 
время измерения составляет несколько недель. Для сбора и предварительной 
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SB-DtiECTO** 

обработки множества в это 
время появляющихся данных 
служат связь эксперимента с 
малой ЭВМ типа KRS 4200 через 
КАМАК / 8 / . •оноавв^г?*вчес-
кие нейтроны энергии 2 ,6 яаВ 
прожзводятся реакцией 

D(d tаУв* . . Коыжмп тором 
исключался сдвиг фокуса по 
дейтержевой мишени, так как 
стабильные условия являются 
неотъемлемым предусловием 
для метода сопутствующих ча
стиц. 

Для отделения геолинов от 
большого числа рассеяных дей-
тонов введена тонкая алюмине-
в&я фольга,толщину которой 
необходимо точно подобрать, 
так как энергия геолинов 

Рис. 2 лишь 800 кэВ. Для точного 
определения фона тритонов под пиком геолинов было проведено взмерение спектра 
с толстой фольгой / р и с . з / . Толщину подобрали таким образом,чтобы гелионы были 
поглощены при минимальной потере энергии тритонов. Эта проверка и показала, 
что на число гелионов в окошке не влияют электронные шумы. Необходимым пред
положением безошибочного применения метода сопутствующих частиц является т о 
чное знание пространственного распределения нейтронов,связанных с детектиру
емыми геолинами. Для проверки топографии нейтронного конуса был применен 

спичкообраэный пластический сщштиллятор,с помощью которого было определено 
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число совпадений п- не как функция угла 
относительно направления налеташвх 
дейтовов /рнс.4/. Детектором осколков 
деления служила быстрая импульсная 
ионизационная камера наполненная мета
ном /9/. для улучаения статястякн она 
выполнена двухплатной /10/. Достигнутое 
временное разренеяяе в районе 3-4 пз 
/ряс. 5а,в/ позволяло в достаточной ме
ре подавлять случайнее совпадения. Кро
ме временного спектра совпадение наби
рался амплитудный спектр событий деле
ния /рис. 5с,d /. Из этого рассчитано 
число потерянных иэ-эа порога системе 

временной привязки импульсов методом экстраполяции плато. Кроме того проведена 
коррекция на поглощение в мишени осколков деления /II/. Методом монте-карло 
рассчитан вклад рассеяннх нейтронов попадмщит вне мииени /12/. Кроме того 
при этом и учитывалась коррекция толщины мииени для нейтронов налетаицих не
перпендикулярно. Число ядер в мивипиА определялось измерением их - активно
сти в малой геометрии. Ори расчете числа ядер использовался период лолураспада 
/7.0381 - 0.0048/ 'I08 лет полученный в работе /13/. В октябре 1979 года про
веденный эксперимент дал предварительны! результат для сечения деления 235U 
при энергии 2,6 МэВ: _,. -24 о €^*С 1,154 ± 0,020) -10 см2 

Величины поправок и их погреиности составлены в таблице I. 
На рис. 6 показаны ванн предварительные результаты /23 i эта работа/ вместе 
результатами других авторов / 14 - 22 /. 

CHAMCLS Рис.5. 
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Статистическая погрешность 
Случайные совпадения 
Экстраполяция к нулевой 
энергии осколков 
поглощение в мишени осколков деления 
Фон тритонов 
рассеяние нейтронов 
Число ядер в мишени 
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0.30$ 
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0.1$ 

Литература 
/1/ ANL-76-90, Proc. of the N'EAMDC/NEACRP Spec. Meeting on Fast Fission 

Cross Sections, Argonne 1976 
/2/ Usachev,L,N. et.al., Proc. of the Symp. on Appl. of Nucl. Data In Science 

and Technol., Paris 1973, IAEA-SM-170/91 Vienna, Vol.1, 129 
/3/ '.VRENDA 1979/80, INDC(SEC)-73/URSF 
/4/ Soverby.M.G., AML/ND-77-1, 23 
/5/ Arlt,R. et.al., ZfK-315(l976)172 
/6/ Alchasov,I.D. et.al.,Mat. 2-nd Conf. on Meutron Physics, Kiev 1973, 
/7/ Arlt,R. et.al., Proc. of the VIII. Internat. Symp. on the Interact. 

Fast Neutrons with Nuclei, Gaussig 1978, ZfK-382(1Q79)172 
/8/ Arlt,R. et.al., Nucl. Instrum. and Meth.(will be publ.) 

Preprint TU Dresden 05-23-79 
/9/ Arlt,R. et.al., Preprint TU Dresden 05-37-78 

/10/ Adolph,!,., Diplomarbeit TU Dresden 1979 
/11/ Arlt,R. et.al., Preprint TU Dresden 05-05-79 

p.4,13 
of 



112 

/12/ Dushin,V.N., Proc. of the VIII. Internat. Symp. on the Interact, of 
Fast Neutron3 with Nucli, Gaussig -«978, ZfK-382(l979)l53 

/13/ Jaffey,A.K. et.al., Phys. Иет. С4(1УП)1889 
/14/ Allen,W.D. et.al., Proc. Phys. Soc. 70A(1957)573 
/15/ Pankratov,*.M., At. Energija 9(196C)39S 
/16/ Smith,H.L. et.al., Phys. Rev. 125(1962)1329 
/17/ Hansen,G. et.ai., WASH-1074(1967)75 
/18/ Szabo,I. et.al., Kat. 2-nd Conf. on (feutron Physics, Kler t973,part 3,27 
/19/ Poenitz,W.P., Nucl. Sc. and Eng. 53(1974)370 
/20/ Czirr.J.B. et.al., Nucl. Sc. and Eng. 58(1975)371 
/21/ Barton,D.M. et.al., Nucl. Sc. and Eng. 60(1976)369 
/22/ Poenitz.W.?., Nucl. Sc. and Eng. 64(1977)894 
/23/ Arlt,R. et.al., Proc. of the VIII. Internat. Symp. on the Interact, of 

Fast Neutrons with Nuclei, Gaussig 1978, ZfK-382(1979)l80 



113 

ИЗМЕРЕНИЕ ОТНОШЕНИЯ СЕЧЕНИЙ ДЕДОШЯ 2 3 3 Ü 1 2 3 5 Ü B ОБЛАСТИ ЭНЕРПВ 0 , 0 1 - 2 ИэВ 

С.А. Бисвнов, Т.А. Мостовая, В .В . Постовой 
Институт Атомной Знергии им. Курчатова, Москва, СССР 

аннотация 
На 60 ИэВ линейном ускорителе электронов с помощью ионизационной камеры с газовым усилением измерено отнонение сечений делениями и г**Ъ. Номинальное раз-ревекие в измерениях составляло 3 нсек/м. Полученная энергетическая зависимость удовлетворительно согласуется с данными других авторов, полученными в последнее время. 

Привлекательность реакторов на 253U- 2327Ь цикла, как реакторов экономичных, 
индициирует работы по получение нейтронных сечений, необходимых для их расче
тов и, в частности, сечений деления. После работы Беренса и др. [I], в послед
ние годы в различных лабораториях выполнены измерения сечений деления 233С/ж 
его отношения к сечению деления 5 l/в области энергий нейтронов, представ
ляющей интерес для быстрых реакторов. Здесь можно упомянуть работы, выполнен
ные в СССР Фурсовым и др. [2], в Аргонской национальной лаборатории Поеницом 
и др. [3] и в Харуэлле Джеймсом и др. [*]. 
На 60 МэЗ линейном электронном ускорителе "Факел" ИАЭ им. К.В. Курчатова, ис
пользуемой Е качестве источника нейтронов, были проведены измерения сечений 
деления L/и L/в оснасти энергий от I эв до 10 КэЗ, а их отнозение в об
ласти до 2 МэЗ. В докладе представлены результаты в области энергий 10 КэВ -
2 МэВ, отвечающей интересом данного семинара. 
Высокая улельная d. -активность 2 3 3 U , a т3кке жесткое У-излучение продуктов 
распада - ^ U » присутствующего всегда в образцах или мишенях, вызывает зна
чительные трудности в экспериментах, для достижения высокой точности и хоро
шего разрешения, при доступных интенеявлостях источников нейтронов, необходимо 
использг.ьзть образцы или мишени 2^3(_/ весом ~1 граик и более. Поэтому при из
мерениях сечения деления путем прямой регистрации осколков необходимы детек
торы с высоким временным расрешением (~1С нсек). При использовании же методи
ки измерений сечений деления по вторичным нейтронам с помощью сцинтилляциоиных 
детекторов, чтобы избавиться от фона $ -излучения продуктов распада *-->2(у, не
обходимо иметь образцы, з которых примесь этого изотопа была бы £ 10 . Мы не 
располагали таким чистым изотопом. Поэтому в данной работе для регистрации де
лении была использована ионизационная камера с сетками. Она работала в режиме 
газового усиления (коэффициент усиления 20), и имела временное разрешение 
20 нсек. 2 " U B виде окиси-закиси был нанесен на обе стороны плоского алюминие
вого электрода размером 10 х 20 см2. 

Общее количество (J, с обогащением лучше чем 96 %, нанесенного на поверхно
сти *»0U см^, составляло 0,180 г. Х/3^8 с обог0|чением лучше чем 99 % в коли
честве 0,8 г был нанесен на идентичный электрод. В ионизационной камере слои 
находились на расстоянии 3,5 см. 
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Измерения проводились при следующем режиме работы ускорителя: 
1. Энергия ускоренных электронов - 60 НэВ, 
2. Длительность импульса ускоренных электронов - ЬО нсек, 
3. Ток электронов в импульсе на урановой ыишени - 1,2 А, 
4. Частота посылок - ь60 герц. 
Пролетное расстояние до ионизационной камеры составляло 26 м. Для устранения 
эффекта рециклических нейтронов пучок перекрывался фильтром из толщиной 
0,15 г/см2. Перегрузка камеры за счет ft -вспышки ускорителя полностью устра
нялась теневой защитой из свинца, толщиной 60 см. 
Эффекты делений от слоя t-JJU и " ч / регистрировались на отдельных анализаторах 
АИ-4096 одновременно с шириной каналов Т = 50 нсек. Старт задавался электронным 
импульсом, возникающим от ускоренных электронов на мишени. 

• *>!',. 
+ НПкШ ' 

I0/US 
* L1/FFX.-

3 

Д т • I • ' ^ • • ' » ^ t i » ' » i f ' ' ' tk* ' ' ' t i ' ' * ' 0» 

I JL • • • • • * • *l • • * • - i - - t 

Фон нетаймированных нейтронов оценивался по счету в каналах анализатора до на
чала регистрации#-лучей от вспышки ускорителя, а также в области, отвечающее 
энергиям нейтронов выше 16 МэВ. Этот фон был мал и для области энергий выше 
10 КэВ не превышал 1,5 %. 

Результаты измерений энергетической зависимости , норми
рованные в области (I - 2) МэВ энергий к значению 1,523 (5), представлены на 
графике. Там же нанесены данные работ [I, 4, 5]. 
Видно, что измеренное отношение в среднем удовлетворительно согласуется с дан
ными работ [I, 4, 5], хотя имеются я отдельные отклонения точек, превышающие 
величину оиибок (-2 • 3 %), Эти выбросы точек частично могут быть связаны с не
регулярной структурой спектра нейтронов в пучке. Эта структура обусловлена 
конструкционными материалами, находящимися на пути пучка нейтронов и ее эффект. 
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no видимому, ложностью не устраняется при приведен!* скоростей счета делена! 
на слое 2"(J к пролетному расстоянию слоя 3Ч/. 
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SEARCH FOR HIGH-HCERGKTIC HEUTROIS IH THE 1 4 , 6 HEY HEUTROI INDUCED 

PISSIOM OF 238p 

H. Härten and D. Seeliger 

Technical University Dreaden, GDR 

Using the method of пЛи-pulse-shape discrimination to suppress the coaaic 
background counts of fh« ecintillation detector and measuring simultaneously 
the time of flight and the proton 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 of flight chanaal 
an attempt was made to detect neutrons with abnormally high energiee 
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 euperdense 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 MeV amounts to about 5-10-8 per MeV and per 
fission event. 

IHTRODUCTIOH 
One conclusion of some theoretical works, which were published since 1971, 
was the possible existence of euperdense 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/. 
Migdal et al. Proposed to search for euperdense fragments in the fission 
of normal nuclei /2/. Hitherto such experiments were centred on the 
detection of positrons and the search for electrons, /-rays and neutrons 

?^2 with abnormal high energiee in the spontaneous fission of -* Cf or in the 
neutron induced nuclear fission at relatively low incident energiee /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 transitions. For the theoretically poseible case, 
that the binding energy per nucleon in the superdense state is higher 
than in the normal one, one may expect a higher energy release in an 
abnormal fission event with the simultaneous formation of sunerdense 
fragments, i.e. an energy release of 10 to 10 appears Instead of about 
200 MeV in the normal case. Higher energiee of the prompt fission neutrons 
and a higher average number of fisnion neutrons because of the changed 
ratio between the proton number and the mass number in euperdense nuclei 
would be a consequence. 

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

EXPERIMENTAL ARRANGEMENTS 
The pirn of the experimsnt was to detect a very email effect. Hence, it 
*ae necessary to realize a high rate of fission events, to suppress the 
background, to apply a high-efficient neutron detector and so on. 
The measurement was carried out at a 1=30 kV deuteron accelerator using 
the fast neutron time of flight technique. A puleed deuteron beam of 
(30...35)yUA ion current, 1 ne pulse width and 5 MHs repetition re+t 
was focused on the neutron nroduclng tritium target. 

/2/ 
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Tb« sample of natural uranliai (99 ,3 * 2 3 8 D ) of 21Л g 
the trit ium target between tola target and the detector 
primary f laa ioa »vent .-at* i M . / d t * 4 ,о-10 a" (average) "fo' 
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Fig. 1/1 
Particle branchea in a two-dluenaional 
repreaentation illoaträte the 
porfomanc« of the пЛи-diacrlalnation. 
The radiation ia from a Po-Be-neutron« 
aource. 
p - branch of neutron eventa 

(recoil nrotona); 
e - branch of 7-eTanta (electrona); 

M - branch of coenlc ayon eventa. 
External liaita of the branchea (weak 
line«) indicate the 5 % level of the 
peak height for a given energy-
•pectroacoplc pulee channel number. 
Fig. VII 
Background oulee height spectrum of 
the detector uaea in the experiment 
(calculated fron the rcaulta of the 
two-dimensional measurement repreaented 
in Fig . i / I ) . 

The neutron detector coaoiated 
of a Hamid s c i n t i l l a t o r with 
culaw shape discrimination 
properties ( l e e l e a r Knterprii 
R 213. 12.5 em in diametei 
12,5 OB thick) viewed by a faat 
photoanlt ipl ier ( I? 2040). 

The detector arrangeaent waa 
located in a heavy ahieldiug of 
paraff in, l i t h l u a pararfia . iroi 
lead an*l graphite. The diataace 
between the uranium sample and 
the a c i n t i l l a t o r waa 500 eat. 

The detector ana completely 
ahielded agaiaat the weak 
component of the coaaic raye. 
An eleet.*onic system for 
nAa-pulse-anape discrimination 
by the charge conparivon method 
(compariaon of the faat component 
of the detector anode aigaal with 
the whole s ignal ) was used to 
suppress the remaining cosmic 
background counts of the detector, 
which are mainly caused by ayoos 
/ 1 6 / (Fig. 1 ) . The separabi l i ty 
of neutron and ayon event* i s 
poeaible because of the different 
s p e c i f i c energy lone of protons 
with energies up t o 100 Mef and 
cosmic myona with energies 
between 0,1 and 2 ,0 GeV. The 
»tatcd ayon energy range i a the 
nein one of tbla penetrating 
coaaic ray component i a the near 
of the s e a - l e v e l . Because of the 
approximately constant energy 
lose of uyona pw path length 
unit in natter for the stated 
energy Interval th« s c i n t i l l a t o r 
geometry determine« aalnly the 
fore of the background pulse 
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height epectrum of the detector (Pig. 1/II). For 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 n/u-diecrimination method 

makes it possible to suppress 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 Fig. 1). 

To reduce the load of the 

spectrometer by /-even*"« 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 eystem 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 signal 

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 system. This arrangement 

permited the precise 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 B1 of the proton recoil energy, which is used in the 

analysis. The following criterion for the determining of the B1 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 threshold B1 and the detector 

efficiency as a function of B, is minimum. It is obvious that the quantity 

of the threshold B1 is higher than the value of the incident neutron energy. 

10 CHASÜEL N3&BER T№E O F R I G H T 6 0 

H—I M i l l — I 
15 20 30 60 60100200 oo 

NEUTRON ENERGY (MEV) 

Fig. 2 
Illustration of the two-dimensional 
measurement of the time of flight and the 
proton recoil energy of the neutron events; 
E~ is the maximum nroton recoil energy 
for a given time of flight channel 
corresponding to the neutron energy; 
В.. is the analysis threshold of the proton 
recoil energy, which can be determined as 
an optimum for each time of flight channel 
(see text); B« is the upper measured value 
of the proton recoil energy-spectroecopic 
signal. 
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Using the described method It «as possible to measure simultaneously the 
effect and the background (Pig. 2). 
The measuring range of the proton recoil energy «as limited. The upper 
measurable value was signed as B_ (Fig. 2). 

ANALYSIS OP 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: 

X(k) f dt 
N(E) * 'ГГ' Д д » ̂ - M ( E ) ; (1) 

kT(E)^.6(E,B1tB2).g?.T 
X(k) - sum of effect counts in the time of flight channel к 

calculated for the allowable proton energy range (Pig. 2): 
B1 * E p < ^J-*« i * B < B 2 J 
B.,< В < B2 , i f E >Ъг; 

E™ax is the maximum proton recoil energy for a given time of 
flight channel corresponding to the neutron energy; 

At - time of flight channel width, ДХ = 2,44 ne; 
f - dead time correction factor; 
k_(E) - transmission coefficient for neutrons with the energy E 

determined by the neutron absorption in the lead filter and 
in the sample itself; 

Л - detector solid angle; 
£(E,B.,,B2) - detector efficiency; 

dt , ?6,2.L/m/ . (2) 
(E/MeV/)3/Z 

- path of flight. 

IE 

The search experiment consisted of 31 single measurements. 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 calculetsd starting from 
the measuring geometry and considering rmughly 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 N- « N. + N-1 amounts to 
f',3 - 0.4M0 1 3. 

Some further simplifications of the analysis were possible because of the 
specific features of the experiment. The transmission coefficient k«(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 B1 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 

P(E) » constant - (4,5...5,O).10~8 MeV"1 (3) 

for the interesting neutron energy interval (B1 * 24 MeV, B 2 = 56 MeV, L » 5m, 

Pig. 4 shows the time of flight spectrum 

of the whole measurement at the optimum 

proton recoil energy threshold B- - 24 
MeV both for the whole and for the 

allowed proton recoil energy range. 

The background line was calculated 

applying the number of counts in the 

background field (Pig. 2); it is plotted 

for the allowed proton recoil energy in 

Pig. 4 too. 

In the neutron energy range above 33 MeV 

no significant enhancement of the 

measured spectrum over the background 

line appears. Eque. (1) and (3) were used 

to estimate the UDper limit of the yield 

of neutronn in some energy rentes. 
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Pig. j 
Background nulse height 
npec.trum per time of flight 
channel for the whole 
exneriment; U is the upper limit 
of the effective range of the 
n/u-discrimination. 

The sum of the "effecf'-counts in the 
time of flight channel range 
28 = к ̂  39 (38 MeV = E $ 180 MeV) 
amounts to (5 - 29). It follows 

K(E) 4 5-Ю" 8 MeV'1. 
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 $ к * 27 (30 MeV $ E i 38 MeV) at the threshold В., = 22,2 MeV. In this 
case the sum of effect counts amounts to (6,5 - 6,5). 

Pig. 4 
Time of flight spectrum of the 
whole measurement; 
о - counts per time of flight 

channel over the 
threshold B.; 

x - counts per time of flight 
channel for the allowable 
proton recoil energy range 
(B1<Ep< Sj**)i 

— - background line 
(see text). 
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Pig. 5 
Sens ib i l i ty function F(E) via 
neutron energy (see text ) 
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-7 The adequate neutron yield amounts to (6 - 9)-10" for the stated neutron 
energy range. However, this small effect is probably 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 restraints to the 
sensibility of the experiment are caused by the residuel background (Fig. 3) 
and the limitation of the fission event rate, i.e. the intensity. 
The used exoerimentai arrangement is especially suitable for the spectroscopy 
of neutrons in the high-energetic range at low intensities. 

The authors whish to thank S. Завэопоу, Т. Schweitzer and S. Unholzer for 
their assistance during the experiment and helpful discussions. 
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A METHOD FOR THE ABSOfcJI* g/CBASORaiSNT Op FISSION CROSS SBCTIOHS AT NEUTRON 
ENERGIES OP ABOOT 8.S l«f 

R. Arlt, M. Josch, G» Jki?\ol, K.-G. Ortlepp, R. Teichner, 1. Wagner 

Technical University £2r«räeSi Section of Physics, DDR - 8027 Dresden 

I.D. Alkhazov, L.V. b^ipAjJMö, O.I. Kostocnkin, S.S. Kovalenko, V. l . Shpakov 

Khlopin - Radiiminsti^atP beoimgrad, USSR 

The precise knowledge of txu«le«r constants i s of particular importance in re
actor calculations, t^atf»* grasen** situation of nuclear energetics accuracies 
of about 1 - 2 % вЛ эдх&хеаг for thw fission cross-sections (f . c . - s . ) of 
•ost of the fuel isot^p«» in a vide energy range/1/. Especially at higher ener
gies effectual in f**̂ ; bf*ed»rs tue necessary accuracies yet are not obtained 
/ 2 / . 
In addition to relation e*ja«ur«Mxits of the f. c . - e . by use of "white neutron 
souces" / 3 / absolute ^»t#Vir«*e:mts with high precision give the possibil ity of 
accurate noraalizatio^p of "CM :fiaeion cross-section shape to the absolute va
lue. Alternatively to ntbvitmmnte performed with a "black neutron detector"A/ 
for an absolute aonit^ripfe; of "the neutron flux the t iae correlated associated 
particle aethod vTCW )̂ p^« be «с employed for the measurement of absolute 
f. c . - s . at s p o t - p o i ^ «turtle« favorably ehoosen on the high energy plateaus 
or the f. c . - s . / 5 , 6 i^ / , 
Recently at the TU Dfĉ MdHi the TCAPM was applied in f. c . - s . measurements on 
the nuclides 2 ^ u , ^ J ) ^?\ and 239Pu at a neutron energy of (14.70±0.l5)«eV, 
where th is aethod at ^s^fibnt t i i e is well established / 8 / . In Tab. 1 our results 
are compared with tn» d«Ĉ  of other groups also using the TCAPM. The values of 
the f. c . - s . agree *Црйц» -the given standard deviations, exept for ^Tu where 
a discrepancy of - *,*̂ 5 % «as t x oDserved. 

Tab. 1 : Absolute t^igton. er«es-eectione at a neutron energy of 14.7 MeV 

Nuclide 

23>u 

238и 

237Np 

239pu 

The TCAPM 

Technical IfoVVereL-ty 
Dresden /•^,8/' 

(2.085 1 cP.023) barn 

(1.166 - tP,o2T) bam 

(2.226 - c?.02«O baJn 

(2.39A * ^.o2«0 baxn 

Radiuainatitute 
Leningrad / 9 / 

(2.096 * 0.034) barn 

(1.178 - 0.024) barn 

(2.292 - 0.044) barn 

(2.505 i 0.045) barn 

at other А^ЛтвЗа. «nerpiejB 

Centre d'Etudes de 
Bruylres-le-Chatel 
14.6 MeV / 1 0 / 

(2.063 - 0.039) barn 

(1.149 - 0.025) barn 

(2.290 - 0.052) barn 

The extention of the Г̂САР̂ И to other neutron energies i s conected with the fo l 
lowing principal prô Ĵjû  : 

i ) establishment o^aP appropriate intense source of monoenergetic neutrons 
using e.g. tt»e uttf. taiown reactions T(d,n) He or D(d,n)*He. 

i i ) arrangement of ^цсп geometrical and experimental conditions,that the 
associated cbe*̂ g»d )>arti,clee> (a. p.) are detectable. According to the de-
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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 of 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 of 2.6 MeV /11/ and 8.2 KeV. Accuracies of the measured 
f. c.-s. ot about 2 % have been obtained or could be expected /7/. 

то mcMFinei« ASSOCIATED гситясм сое 

».•Ulf r<4 »ТЕ 
»IJl5f FUSION 
СНАМКЯ 

»UTJRON Bf iWCOLLI -
M»TC* 

The TS ATM at a neutron energy of 8.2 KeV 
Го produce an 8.2 MeV neutron beam a similar system to that of Schuster /12/ 
and Bartle et al. /13/ has been built up at the 5-KV-Tandem-generator of the 
GIIIR 'ossendorf (G.D.H.). 

A scheme of the experimental 
set-up is shown in fig. 1. The 
9 MeV deuteron beam hits a rota
ting target foil of deuterated 
Polyethylen. The associated "He-
particles from the reaction 
D(d,n)^He were detected at an 
angle гГ, = *2 °. The a. p. 

^ e diaphragma defines an associated 
neutron cone. Fission events from 
fife ^''U-target layers «ere re-
gistrated in a multiplate pulse 
fission cnamber. 
As it is illustrated in rig. 2 
the a, p. ̂ He are covered by 
alpha-groups irom the competitive 
reaction 12С(а,ог)10B. A rather 
high peak oi scattered deuterons 
is located at about S.O keV, 
Therefore the discrimination of 
the he was realized by use of a 
telescope of two 3i-surface-bar-
rier detectors/14/. The single 
spectra of the telescope detec
tors are shown in fig, 3. rhe 
amount of alpha-background is 
shown in the »ingle spectra of 
fig. 4,which have been measured 
replacing the deuterated foil by 
a usual Polyethylen foil of com
parable thickness. 

souo STATE * / л отстал 
TELESCOPE 

Mg. 1: Principle of the f. c . - s . measure
ment at a neutron energy of a.2 ?>ieV 

\ 

E*. tMW, 0.1** 

(С0,Ц FOL » p f W 
Si!*» 40 pR 

\ - * 

ъШ 
CHANNELS 

Fig. 2: Ipectrum of charged particles at 
the a. p. angle , = 42 °, The dB '/dx-E -particle identifica

tion is illustrated in the two-
Л good separation of the 'lie was obtained by optimi-dimeneional map of fig, 5"» 

zing the parameters of the telescope. The marked thresholds for *He-counting 
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С« • »миг 
П / W » щ Р 
«г • в -

V. • * 

«E/OMIMELS Er'OMMCLS 

Fig. у . Single spectra of the telescope 
detectors using a (CD2)n-foil 

E. f MP 
iCH-t" M. *л^(П*7 

Л • tO*. ^ * J * 

i I 

AE/CHNWCLS E, /CHAMCIS 

Fig. 4: Single spectra of the telescope 
detectors using a (CH2)a-foil 

Fig. 5; Twodimeneional picture of the 
particle identification 

•ere set by a discriminating cir
cuit/14/. The amount of alpha-
events within this %e-window 
runs typically to 1 - 3 %. 
The real distribution of neutron 
intensity inside the cone defines 
the geometrical conditions ю г 
the fission chamber/15/. Therefo
re a precise scanning of the to
pography of the neutron cone was 
carried out to fulfil tne main 
condition or the ТСАГМ, that all 
neutrons or the cone must be able 
to hit the fission targets. 
' The distribution, shown in fi£. 6, 
has been measured by use .of a 

small Stilben-scintillation coun

ter applying n-r -discrimination. 

The coincidence spectra bef.veen 
3 

tue y'Ae and the neutrons were cor
rected for the time uncorrelated 
background, which limited the ac
curacy at a level or 1 : 1000. 
In a first measurement the small 
solid angle of the telescope of 
0.2 msrad allowed at 0.5 ,uA beam 
current and foil thicknesses of 
abou'j 1 mg/cm -^He-rates of 250-
4^0 per second. 
The experiment was coupled on-line 
on a O S 4200 minicomputer via a 
CAMAC-branch /16/. 
The experimental value of the fis-
eioa cross-section has been correc
ted for random coincidences, the 
efficiency or the fission chamber, 
alpha-background within the ^He-
window and neutron scattering in 
wall materials and target backing. 
The corrections were listed in 
Tab. 2. They are relatively small, 
so that it seems to be possible 
to measure f.c.-s. with an accu
racy of about 2 % applying the 
TCAPM in this energy region. 
In a first run the fission cross-
section of "^U could be measured 
with a statistical error of 5.6 %. 
A preliminary value of 
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(1.7* - 0.11) Ъагп has been obtained/7/. Further improvements of the system to 
reach a higher neutron flux are in progress. 

Tab. 2: Corrections and uncertainties of 
the measured fission cross-section 

corr./% 

weighing of the fis
sion layers 
effective inhomogenity 
efficiency of the fis
sion chamber + 5.5 
neutron scattering + 0.23 
geometrical certainty 
alpha-background +2.1 

uncert./% 

0.9 
1.14 

1.41 
0.4 
0.5 
0.5 

uncertainty connected with TCAPM 2.1 % 

statistical error 
random coincidences - 7 

5.6 
2 Fig. 6: Neutron intensity distri

bution in the cone 
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COMPUTERISATION OP THE т-SPECTROMETRIC METHOD FOR FISSION YIELD MEASUREMENT 
BASED ON GAMANAL PROGRAM* 

S. Naqy, P. Rales and S. Daroczy 
Institute of Experimental Physics, Kossuth University, Debrecen, Hungary 

K. Erdel and I. R&poltl 
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 т-spectronetrlc measurement of fis
sion product yields is described. The main programs in the system are modified 
versions of GAMANAL (for automatic evaluation of т-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 у-spectra of the unsepa
rated sample. If absolute yields (or partial fission cross sections) are deter
mined directly by T-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 -r-spectrometric method . In this procedure the 
т-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) т-spectra is needed following a single 

2) irradiation . The complete exploitation of the simplicity of this method demands 
the computerisation of the т-spectrum evaluation procedure including the analysis 
of the decay curves. 

238 One of the authors, participating in a program for the measurement of the и 
fission yields at different neutron energies by both the radiochemical and -r-spec
trometric method in the Argonne National Laboratory , had the opportunity to use 
existing computer programs to the above described purposes. Later these programs 
were adapted to the ES ЮЗО computer and significantly modified, to get a chain of 
compatible programs suitable for routine application in т-spectronetric 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. at the previous symposium in Gaussig is referred. 
General organisation of the system 
According to the two major functions in the evaluation procedure, the system is 

organized around two main programs: the GAMANAL, which automatically evaluates the 
complex т-spectra supplying the energies and activities of the Y-peaks; and the 
CLSQ, which fits the (complex) decay curves supplying the activities of the single 
resolved т-llnes 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 dif
ferent media and in different formats, into standard format on magnetic tape while 
adding a parameter set to them which characterizes the spectrum (indentlflcation 
of the sample, irradiation, spectrum, geometry of the counting, time of the end of 
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Irradiation and »tart 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.g. for overflow automatically and for dropped 
channels according to input data cards as wall as some rearrangement of the spec
tra using two input and one output magnetic tape. 
The program GAMAHAL runs under the control of "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 Y-spectra from magnetic tape in the above mentioned standard format. 
It evaluates even the very complex spectra automatically (without any preceding 
information on the peaks in It). The output "peak lists" arm 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 т-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 characterise 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 CLSQ). 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 т-гау energies and intensities (of fission products)4> as well as 
lots of informations on the т-line Interferences, accumulated through the years 
devoted to the evaluation of fission product spectra. 

The GAMANAL program 
The computer program for the automatic 

evaluation of very complex у-spectra, named 
GAMANAL, was developed in the Lawrence Llv-
ermore Lab. by R.Gunnlnk and J.B.Niday5'. 
A reduced (without graphical output and iso
tope Identification options) and modified 
version was adapted to the IBM 370/195 com
puter byS*.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 T-spectra is handled. In most т-epectrum 
fitting programs the background In a peak 
grouping, which is fitted at the same time, 
is described by 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 area?. 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 distinguished from the nonpeak regions by a suc
cessive multiple smoothing, comparison, substitution procedure proposed in Ref '. 
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: 

X 2 
a(x,-x ) B(x,-x ) C(x.-x ) y.=y e + Ay e [1-е ]d . 1 a o 

where i=l for (x.-x)<0 and S=0 for (x1-xQ)>0; y^t the net counts in channel x ^ 
x and у : the position and hight of the peak; while the remaining ones are the 
"shape parameters" of the peaks, namely a*-l/2» : the width of the peak; А, В and 
C: parameters describing the tailing function. It was found that the shape para
meters В and С are constant for each peak in a spectrum while the energy depend
ence of the others can be described as follows: 

[(FWHM)2-0.46WGAIN)2=S1+S2-E and lnA=S3+S4-E 
where FWHM=2.355tf; 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 region and can be determined from single peaks of good statis
tics. Later they are used as input parameters at the fit of complex peak regions. 

The program has options for outer and inner energy calibration by polynomial 
function, 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 values 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 v/as 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 counting 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 them by the following formula ' '• 

К A. -\. t, -4<*ч + 4t<> N4 - Z ~ fe K *• - e k 1 * ] 
1 k»l \ 

where N ^ the number o" т-quanta in the i-th point of decay curve calculated from 
the corrected (dead-time and pile-up) activity supplied by the GAHANAT, Multiplied 
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by the real time of the counting (ut.); t.: its cooling time; Kt the number of 
components in the decay curve; \^ and A.: 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
cients of parameters, which are needed at error calculation of independent yields. 

In the case of fission yield determinations the fits are done by fixed half-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 point 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-

2 38 8) 
surements made to determine the V(n,2n) excitation function . It seems to be 
flexible enough to be applicable in the case of the very complex spectra at the 
direct т-spectrometric fission vield measurement, but can be operated efficiently 
enough to make possible the routine evaluation of the enormous amount of experi
mental information received at the application 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 1O30 for a 4096 
channel spectrum. 

The system could be useful at any experiment concerned with the analysis of 
conplex radioactive sources, e.a. the activation analysis of complex samples or 9 5 the measurement of the product yields from heavy-ion-induced nuclear reactions 

The authors, especially the one who trot acquainted with the computer proqrams 
in his possession at ANL, are very much oöliged to Sheldon B. Kaufman for the 
nroorams supplied and for his expert advices in their use. We are also indebted 
to P. Jekel who paid special attention to our work in the Computer Center, to 
L. Sipos and B. Biro for their effort to handle incompatible magnetic tapes and 
for the entire staff of the center for their reliable work. The cooperation of 
I. Juhäsz and K. Sailer in the early part of adaptation work is acknowledged. 
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ШСШВ UTA IBDS AD PSLATD ACTIVITIES ОТ ТШ IAIA КОВАХ B*XA ЗВСПС* 

J . J . Scheldt 
nuclear Data Section, International Atonic energy A j a t j , Vienna 

Abstract 
fhia paper givee an overview of part of the raqaeste rwatainsd i a th* aeat гад ant edition of the 
World Boqueat Li at for nuclear Data (ШПвА 79/80) for charged particle , r-ray ant aaatron aaclear 
data needed in aeleeted area* each an tae nuclear fiaaioa fuel cycle , aaclear fusion, nuclear 
aatariala aafogaa^de, radiation daung* aad indiiUhersaj San» of tea ac t iv i t i e s of the IAEA 
nuclear Oat* Section related to thaaa requireawcts are briefly diaouseed. 

1» Introduction 
Thia report ia not aeast to *ive a eonplet* overview o f carrant nuclear data seeds, ant to preeeat 
and discuss a feit of the nor* recent nuclear data requireaanta for pmrpeaa* other than fiaaion 
reactor cor* design and to nantion aoat of the ac t iv i t i e s of the USA PJaclaar la ta Section r e 
lated to thaae requireaanta. Sine* the next apaaHar i a thia anetiag wil l cover the area of 
nuclear data needs for fiaaion reactor*, I have choeen to apeak about selected carrant T i e r 
data requireaenta for area* auch aa the nuclear fiaaioa fuel cycle, nuclear fusion, nuclear 
aateriala safeguards, raaiation daaage and radiotherapy. Under nuclear data we wi l l , aa usually, 
understand the mmerical results of any scienti f ic inveetigation of the nnclaar properties of 
natter, with a subdivision in the three categories of nuclear structure, decay and reaction data. 
The energy raage, over which nuclear reaction data are needed, extends today fron theranl (for 
oeatrona) to about 50 heV (for neutrons and charged part ic les) , covering the typical spectra of 
existing the nasi and faat reactors and of planned fuaion reactors, and higher energy spectra used 
for purposeJ such aa radiation danag* investigations for fusion reactors or cancer therapy. As 
basis for our discussion we choose the 1979/80 edition of the World Request List for nuclear Seta, 

«поган 79/80. 

2. ХЯВГОА 79/80 
URERDA 79/80, which has just been published [ l ] , i s the sixth edition of the world acquest List 
for nuclear data aaaaureaants and evaluations. I t i s being published by the IAIA lac} ear Data 
Section on behalf of the national nuclear Data Caster (SBC) of the Brookhavsn national Laboratory 
in the USA, the nuclear Energy Agency Data Bank (РХА-Ш) at Saclay i a France, the Ceatr'po 
Taderaya Danny« (CJD • nuclear Oat« Centre) a t Obninsk ia the USSB and the k c l e a r Bat* Section 
(196) of the USA in Vienna. The WHEYDA publication i a produced frsa a eoaputer f i l e of aaclear 
data requests which i s anintained by IASA/rOS. The input to th i s f i l e i a provided pradnatasatly 
by national nuclear data ruanl U n a through these four nuclear data centres. 15 different IAIA 
•caber Stats* aad one international organisation have contributed requests to HsnsTBA 19/90. 

•REIM i s being used as a guide to experiasntalists, applied nuclear theoretician*, «valuators 
aad adauAistrators for the pleasing of nuclear data prograanea. The aajor ИВСПА request area* 
are fission sad fusion reactor* and associated fuel cycles, aid nuclear aateriala safeguard*. Xa 
the I979/8O issue, deviating froe previous issue*, ia which request* for the** three area* ware 
l i s ted separately, requests have been oeatlasd into a single unified l i s t in order to allow the 
ussr, particularly the potential generator of the request*! data, an *a*i*r identification of a l l 
request* for th* saa* aaterlal and quantity. The status of reqn*et*d staaaard rsfsroacs and 
other data of cpwlai lanortanc* are under eontiauou* review by th* Iat*matloaal nuclear Data 
Coaaittee (HOC) sad th* luelser Energy **n*ey fuclear Bat* CoaaiUee (КДК9С). 
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Ho at of the requeata apparently a i i l l pertain to neutron data with fiaaion and fusion reactor* 
aa aajor application areaa. In the following we wi l l briefly review the requeata for "non> 
neutron" data, and for neutron data wmittm—rt io fusion. In a faw exaamlem i t wil l alaq be 
ahown that, 

— in spite of the large number of iaoquante requested, neither a l l important appli
cation areas are as yet covered by HHEaul nor do a l l isoquants appear, which could 
have been expected to be entered into ИНЕЮ* for R, F and S applications, 

— in spite of the fairly careful review of the previous UHBIM requests, a number of 
requests should not have appeared in WHDDA, because they are actually fu l f i l l ed 
and the requested data are available from the nuclear data centrea. 

3. "Ion-neutron" data requeata 

3 .1 . Charged particle nuclear reaction data 
Charged particle nuclear reaction data are requested for a variety of purposes, such as 
fission reactor fuel cycles, fusion and safeguards. There are important biomedical 
applications, which are not covered in WRETOA 79/80* 

( i ) Fission reactor fuel cycle 
(a,n)-reactions initiated by («-particles emitted in o-decay of actinide nuclei 
present an actual {от potential) neutron source during a l l stages of the f iss ion 
reactor fuel cycle from those elements or isotopes which have an (a,n)-threshold 
below the highest emitted »-energies. Requests appear in WREBDA 79/80 for 

elements/isotopes: ^ i , B, 1 3C, l \ 0, 1 7 f l 8 0 , 1 9P, kg, Si; 
(A 3f 40 i s about the upper l imit , since the (cc,n)-
tbreshold becomes too high); 

«-energies: -100 КеУ - 7 NeV (or 10 NeV); 
requested accuracy: 20—30 % 
priority: mostly 2 
purposes: fuel reprocessing; 

neutron shielding during fuel transport and evaluation of 
neutron source strengths; 

estimation of neutron output of sol idif ied nuclear waste 
containing actinidea. 

( i i ) •Conventional"-fuel fusion devices 
The basic reaction for the present "conventional" magnetic confinement fusion de
vices auch aa tokameke i s the T(d,n)*-reaction. This reaction i s well known at a l l 
practically important energies except belcw 10 KeV. Since these lower energies are 
important in the fusion ignition phase, measurements are requested there with high 
priority and 10 ^ relative accuracy. 

In a plasma containing deuterons and tr i tons , also (T.T) and (D.D) reactions wil l 
occur, though less frequently as (T,D) reactions. The cross eections for these 
reactions are leas well known than those for the (T,D)-reaction, nevertheless 
there ia only one request for the T(t,2n)-reaction for energies below 10 KsV, with 
high priority and 10 $ aecuracj, for the purpose of analysing background neutrons 
and estimating tritium ion temp«-aturam. 
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The • particles resulting fron the T(d,n)a reaction лап undergo elaatic scattering 
on the plaaam dauterons and tritona and thua contribute to plasma heating: the 
cross sections for these reactions are requested for energies up to 2 meV, with 
high priority and 10 % accuracy, to calculate the associated plasnm fuel heating. 

One special lower priority 10 % accuracy request, illustrating the extent to which 
nuclear data are needed in nuclear energy design, is concerned with the 0(r,n) ^ 
reaction for tri ton energies below 12 lev. This reaction needs to he known for a 
precis« estimation of Li,0 Ъогапр in fusion reactor blankets and the evaluation of 

18 • lfi_ 
the build-up of 0 atoms from the ß decay of ^ produced in the above reaction. 

»Advanced«-fuel fusion devices 

These devices are based on fusion reactions between light nuclei with no (or much 

less than in "conventional•Wuel devices) neutron production. The advantage of 

such fuel is less induced radioactivity, the disadvantage the need for much higher 

temperatures, at which the reactions become significant, than in (S|T) fusion 

reactors. 

Only for illustration purposes we quote below an example of a fusion chain reaction 

which involves only charged particles: 

p • ui. —*• ^ e ••• a + 4.0 meV 

3He + d —• p » « + 18.4 HeV 

•et reaction: d + 4 i —»• 2 a + 22.4 *eV 

fuel «sa energy gain 

p and h* act as chain carriers. 

In WHBDA 79/80 priority 1, 10 % accuracy requests are found for different 

reactions such as: 

T-i (тЛ{ п, p, d, r, -*He, оц no, pa) 
l h (p,n)S 1 XB (a,n) and X 1B (<цр) 

always for incidtjt particle energies of 500 KeV - 2 MsT. 

Safeguards 
For nondestructive nuclear materials safeguards thick target neutron yields from 
(a,n)-reactiona with the following elements or isotopes are requested: 

*1Л, 9Bet C, 0, 19T, Kg, ^Al, Ca 
energy» 100 KeV - 6.5 MeV 
accuracy: 3 % (relative); 6% (absolute) 
«-energy resolution: 100 KeV 
priority: 2 
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(v) ttonndioal application 
Да an exaapl« of charged particle aai a l io neutron nuclear data reqaireaenta not 
contain«* in П О М v* quote a typical hioandieal application, i . e . eaaoar therapy 
by matron irradiation of the affliotad t iesue. An one rn—na cyclotron neutron 
entree the reaction * N (d,n) i s need. For tnia reaction the deateron energy 
ваатааит of i t a oroaa aeetion and the angular and energy distribution of the 
emitted neutrons need to he known for deuteron enargieB op to about 50 HeY. Then, 
aa • function of neutron energy, croaa eeetiona for a l l reaction« occurring in the 
energy range 15-60 Her are needed a« well a« aecondary angular and energy d ie -
tribnUons for the neutron-producing reaction« for the asjor conatituenta of the 
hunan body В, С, I , 0 , P and Ca. Particularly the neutron data are « t i l l largely 
lacking. 

3 . 2 . Па— raj data 

(1) T-rnyyiald« 
All request« for т-гау yield« contained in ИонТПА 79/80 pertain to nondestructive 
aafaguards naaaur—oat technique«. Bequested are 

- т-ray yields per oHttaintegration for well-defined r-rare for the assay 
of Pu-iaotope« by v-apeetroastry for 

iaotopea, 238, 239, 240, 2 4 1 ^ 

Y-energies: ~ 45 KeV to ~650 l e v 
accuracy: 1 i (I) (for ^ W 5 %) 
priority: 1; 

- y-гау yields per disintegration of individual f ission products for well-
defined 7-raya for Durnup calculationa fron non-destructive «aaauranents for 

fission products» W3Ru, 106Hh, l 2 5sb , 1 3<C., ^ ° U , ^ C a , 1 4 4Pr, 

Y-energiea: ~ 100 KeV to ~ 2.2 HeV 
accuracy» 1 % ( | ) 
priority: 2 ( l for ^T*r); 

- 7-ray yields per disintegration of individual f iss ion products for detection 
of fuel failure for well-defined «ajor т-гауа for 

fiasion product.: ^ » « B r , »Kr, * » • * * . 138, 139 I f 139^ 
Y-energiea: ~100 KeV to ~ 1 HeV 
accuracy: 10 % 
priority: 3 . 

Obviously the f i r s t two groups of high accuracy y-ray yie ld requests are not yet 
fu l f i l led . 

( i i ) Y-гау nuclear reaction data 
All WHHIDA 79/80 requests for y-ray nuclear reaction data pertain to pbotonuclear 
assay of Pu and other fiasionable isotopes. Two groups of requests can Ъе discerned: 

- In the f i r s t group, for the photomolsar assay of Pu, cross sections for 
the (Y, total neutron yield) and (y»fission) reactions and the associated 
f ission product «ass yield spectra are requested for И * * 1 ! . and 2 4 1 А. 
for y^nergies up to 10 NrV, 10 "% accuracy and priority 2 . 
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За tat otaar щ ц for 
aatatiala taa total flaatoa yielda 
« • • k t i f i yielda af BJaWlaBJa» field itotapee 
и м * * — 238,2354240,241^ ш 

aa* 14 M», alta 5-40 % м сшц aaft priority 3« 

of 

far 

3.3. 

( i ) 

(U) 

i a 

Par taa ^ C f -

flaatoa (ЯГ) HMmaato af alatoataa ia 
far 23в» ***» ^ ^ to aa aaairaaj «f ]£ aa* priority 2. 

far 

79/» faar priority 1 reaaaata with 
0.25 « * 0.3 $• Па preaaat aitoatioa aa «мама« tgr »ait* [г] 

Ь ] a* tba noaat Iatonatioaal Coafanaaa far Baelear Стой Sastleaa 
logy at kaoxrille, USA, ia M M I I I I I ia taa table belowf tola takle ia 

гаГагавма aat «oataiaa taa available aaaaarai 9& data ia tat 
atato of oorreotloa. 

biaald aciatillator i 
at a l . [3,4] 
[51 

et al. W 
MM.C7] 

3.792 * 0J011 
3.755 t <M>la 
3.792 ±<MMC 
3.777 i 0.031 

Uei«*tod Averages 
З.78» * 0J0O9 

bath 
Axtoa at al . [в] 
da Volai an* Porgee [93 
Воаочмвма [lO] 
ttekaandrov ot a l . [ l l ] 
Unite and Axtoa £l2] 

Boroa pilo 

3.743*0.019 . 
3.747 1 0.019 
3.744 1 0.023 
3.747 1 0.036 
3.815 t 0.040 

Weighted Averages 
3.750 1 0.011 

S.V. ColTia at a l . [13] 3.739 t 0.006 

The difforaBC« between the weighted average values reaultisg froa the liquid 
aciatillator and вапсамм beta BaaauraBaata respectively ia 0.8 i, and it abould 
be noted, that, with tha exception of th* Whit, Axtoa value, th« aanganeM bath 
reeulte ara in excellent agreeaant. 

J.8. Seuth diaoaaaod at tat reeest Knoxville Conforaae« [2] a possible systematic 
arror aaaociatod with all аваршем bath eeaeureaente. In deterainiag too aourc« 
atrangth in tboM aaaauraanita tha theraal absorption oroaa Motion of aulfur aagr 
have boon aaauaad too loa, ia aoeordanc« with th« old aaaauraaaata by Ромгавсе 
[14]. A ra analyaia of tho Ромгаяеа dato and of tha available total егом Metion 
data of sulfur in tba theraal energy range lad Saith to tha coocluaion, that the 
theraal abeorptioa oroaa Motion of aulfur aaj be higher bj 5 % от acre, which 
could account for aa auoh aa 0.5 % of tba 0.8 i difference between lb bath and 
liquid scintillator aaaanreatnts« In order to oonfira thia conclusion, Saith 
i unuaaaudii a reaaaaureaent of the theraal eurlfur abaorption огом Motion to an 
accuracy CIOM to 1 £ . 
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(iii) Spontaneons fission neutron spectnisi of Cf 
Five requests in HHEJTi 79/80 pertain to thie quantity. Spectral data are re
quested with 5-10 % accuracy at the low (̂  j.25 MeV) and high ( >5 leV) energy 
tails of the spectrum, and the average energy to 1—2 % accuracy. This subject will 
he extensively discussed at the forthcoming IAEA/IDS Consultants Meeting on leutron 
Source Properties to be held at Debrecen, Hungary, 17-21 larch 1980. First results 
from IAEA/IDS contract work performed at Leningrad for energies between 10 KeV and 
2 MeV reported in another paper to this Sysposiun [lb] can be well described by a 
smooth Maxvellian spectrum shape with a nuclear temperature T - 1.42 Ke7 and 
reveal definitely no structure in the low-energy tail of the spectrum. 

3.4. Half life data 
The following table susmarizee the half life requests contained in WRBKDA 79/80 and compares 
the requested accuracies to those presently reached, in accordance with recent recosmend*-
tione by the members of the IAEA/TOS Coordinated Research Programs* on the Measurement and 
Evaluation of Transactinium Isotope Decay Data [17]. 

Isotope 

232ц 

233u 

234ц 

235n 

Щ 
2ih* 
238Pu 
2*>Pu 

^ P u 

^ P u 
242^ 

Decay-
type 

« 
a 

a 

a 

a 

at 
SP 

SP 

a 

SP 

SP 

Accuracy (%) 

requested 

0.5 

0.5 

0.3 

0.3 

0.3 
1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

reached [17] 

1.4 

0.13 

0.29 
0.10 

0.10 

0.47 

2.7 

9.0 

0.30 

4.0 

1.1 

Priority 

1 

1 

1 

1 

1 

1 

2 

2 

1 

2 

2 

Purpose 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(*) 
(ъ) 
(a) 

(ъ) 
(ь) 

(a) Verification of o-half lives required for the mass determination of fissionable 
deposits; 

(b) Detection of plutonium by spontaneous fission measurements in non-destructive safe
guards. 

The table shows that most of the «-decay half lives are known to better accuracies than the 
ones requested, except for 232U. Por spontaneous fission half lives the situation is just 
the inverse: the accuracies reached are much lower than those requested, with the exception 
of 2 * 2 p u 

where the requirement; seems to be net. IAEA/BDS has communicated these facts to 
the requestors concerned. 

On the other side i t i s astonishing and i l lustrates the incompleteness of WRESDA to see 

that one of the most urgently needed actinide half- l ives, i . e . that of whose measured 

values differ by several percent, does not show up in WHBTOi. 
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3.5« Pscay bsat d*t* 
Рог Ute f irs t time ИНИГО1 ccatains requests for decay heat wmiTiwul i for the calorimetric 
assay of plutoolum for safeguards purposes, for the Pa isotopes (238<A<242) and 2 4 1 AB, 
with an accuracy of 0.3 - 0.5 % and priority 1. 

4 . seutron его— »action requests for fusion 
We restrict our discussion to selected neutron data, requests for fusion applications contained in 
ННЕПА 79/80« The requirements and status of nuclear data for fusion wer« comprehensive 1; re 
viewed at the recent LAEA Advisory Group fleeting on suclear Data for Fusion Reactor Technology 
held in Vienna in December 1976 [18] . 

(i) Blanket tritium breeding 
T.i(n,a)T and 'Li(n,n**)T are the well-known nuclear reactions to be used for tritium 
breeding in fusion reactor blankets. For tritium breeding calculations one has not only 
to know the cross sections for these two reactions, but also those for al l competing re
actions with «Li 7 

and Li over the energy range of fusion reactor neutrons. As 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 T.i and Li are requested, 
e.g. (with 6 and E' meaning angle and energy of the emitted particles): 

(n,n), (n,n)(e) , (n,n') f (n ,n' ) (e) , (n,n')(B')t 
(n,2n), (n,2n)(e), (n,2n)(E«), («», neutron emission) (0,E«), 
(n,p), (n,np), (n,nd), (п,т), 
(n, total photon production), (n, total proton production) and 

(n, total a—production), 

for neutron energies up to 15—20 MeV, with accuracies of 10-20 t and priority 1—2. In the 
table below we give a brief summary of a few more prominent requests. 

Isotope 

6Li 

7Li 

Quantity 

(n.nd) 
(n,a) 

(n,n)(e) 
(щп»), (n,n«)(e) 
(n, neutron emission) (E',0) 
(n,n'a) 

Energy 

up to 15-20 HeV 
100 KeV - 15 XeV 

1-20 NeV 
0.5-20 BsV 
9-14 MeV 
3-20 m*V 

Accuracy % 

10-20 
3-10 

- 1 0 
10-20 

10 
5-20 

Priority 

1-2 

~ 1 

The currant discrepancy of 25 % between the recent Harwell measurements [19] sad previous 
measurements on 'Li (n ,n4) has not yet been resolved. 

In addition to the above, for the calculation of helium accumulation in Li^xide blankets 
0(n,e) ami 0(n,ns) cross sections are request*! with 15 % accuracy, for neutron 

energies up to 15 flsV, and with priority 2 . 
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( i i ) Coolant 
^ i s considered a« a potential constituent of F Li Be coolant. This «npi^n* requests for 

(n,n)(e) , (а,п>), (n*2a)t (n**)t (n,p) and (n,a) cross sections for neutron energies up to 
15 meV, 10-20 % accuracy and priority 2-3. 

( i i i ) First «all and structural materials 
For th* sost inportant amterials considered, i . e . jCr, Fe, Bi (as the aost iaportant 
"classical" steel coostituents), hut also Ti, ? f Mo and W, (n,n>), (n,2n), (n,p), (n ,e ) , 
(n , l ) and (n, total r-production) cross sections are requested for neutron energies up to 
15 •»? , mostly with Ю-15 i accuracy and priority 2-3. 

( iv) Radiation da—fe calculation 
The following table excerpted from table IB of reference [18] i l lustrates the wide variety 
of materials and smterial compounds for which radiation dansge i s to he calculated; sore 
rnsmon structural nmtarials are not included in th i s table. 

Material use 

Internal, first wall protection 
Beutron multipliers 
Structural Materials 
Magnet conducting materials 
Reflectors and moderators 
Shielding amterials 
Coolants 

Be 
X 
X 

X 
X 

X 

В 

* 
« 

1... ,J 

с 
X 

X 

x 

* 

Material« 
V 

t_— . -
X 

0 : F 
X \ 
1 

X 
! 
« X 

Al 

* 

X 
X 

Cu 

X 

3n 

X 

Pb 

X 

X 
X 

For the purpose of radiation damage calculations, for the structural naterials appearing 
under ( i i i ) and for 9 8s , U ) , 1 1 B , C, ^ B , 0, l \ ^ A l , S i , Cu, 93Bb, Sn and Pb data for 
the following quantities are requested: 

(n» p-production)(Ep, Bp), (n, «-production)(Eg, 9 a ) , 
(n, total p-production), (n, total «-production), 

tor neutron energies between 9 and 14 NeV with accuracies of 10 ** and priority 2. 

In response to the паву UB0DA 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 contribute to a cooperative effort, IABA/BOS is planning a coordinated re
search prograsjw for the determination, i.e. measurement and calculation, of those 14 BeV 
data which need improvement, particularly for the purposes of fusion. In this context the 
conclusions and recosmendations of the IAIa/kDS Fusion Buclsar Data Advisory Group meeting 
Cl6l will also be taken into account. 

(v) Requirement« for the Fusion materials Irradiation Test Facility 
I would like to finish with a brief discussion of a group of completely new data requests 
contained in WRDBA 79/80. The US Department of Bnergy has submitted a number of new 
neutron data requests related to the Fusion materials Irradiation Test Facility (FHT) 
planned to be built at the Banford engineering Development Laboratory for the main purpose 
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of investigating radiation dasage through neutron reactions with fusion reactor materials* 
The Li (d,n) reaction used to simulate the radiation damage expected l a fusion reactors 
produces neutrons with energies up to 50 MeV. This requires an extension of the knowledge 
of neutron nuclear data to equally high energies. In the following we group the WKKTOA 
requeste concerning ЛИТ in tabular form according to different purpose. 

Material damage calculations 
Materials: Ti, V, Cr. Fe, Hi. Си. ТП>, Sn 
Quantities: (n,n)(9), (n. neutron emission)(B',0) 

(n, total p-^rodnction), (n. total (»-production) 
Energies: 15-35 MeV 
Accuracy: 10 % 
Priority: 1 

PUTT Shield design 
Materials: C, 0. Si, Ca. Pe 
Quantities: (n,total) , (n.n)(9) , (n,X) 
Energies: 20-50 MeV 
Accuracy: 10 % 
Priority: 1 

FMIT neutron dosimetry 
Quantities: 54ре(л,а), 59Co(n; 2n; 3n; 4n)f

 5*Co(n,p), 
5aHi(n; 2n; 3n) t

 58Bx(n.p), ^ ( п , р ) , 
197Au(n, 2n; 3n; 4n; 5n) 

Energies: threshold (or 1 MeV) - 40 MeV 
Accuracy: 20 % 
Priority: 1 

These higher energy neutron data requests, together with biomedical nuclear data require
ments, present a new challenge to the community of nuclear data measurers and 
theoreticians. 
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THE :*:FL'.;Er'CE TF riFFEPEriT LEVEL OENSITY REPRESENTATIONS ON K T I N I D E NEUTRON 
I T t S SFCTI1N CALCULATION'S 

-.. V. Antsipcv, V.P .Zenevich , A . E . !"J epatsk i i , V .Л . Kons ..i n , E.Sn.Sukhovitsky 
feat and "'ass Transfer Ins t i t'ite ,pt;S? Academy if Sei ences ,'*i n?k ,t'SEr-

ft pre'ent the Fermi-nas level densitv model is v; id el у -ised in statistical theo
ry cal ci;1 at i ons . necertl'/, there have anreared a number of irrks shrv.'iT- t;3 ̂  
t'e Гоггм-та', level density p^del is r>ct consistent vit h t'*c "• i croscn-i r. ^-'icv 
and so"'? axrerir?ntal data 1 ] . "lrnrside t'e riocrous and very tedious microsco-
nic level density models . 2 , 3 ] , the statistical averaging i;;ethods О?,1:] a r e 

sl'o develcoel. "he latter ?. re rathe- sirple, convenient for Practical calcule-
M " , * a-id incorporate f'e u ? s i с r^s^lts of fh" ,r i cresr.ooi с theory. Т Ь Р С С nod», is 
illo for the existing shell i nho^ooenei ti es in the <= i nole-oart i с 1 e level spect
rum and both for the superconducting correlation and coherent collective effects. 
In statistical calculations, the radiative capture cross section, n ny proves to 
he iTiost sensitive to the level density model adopted, Moreover, the calculation 
cf the "• cross section of heavy fissile nnrlpi should take info arrnunt th« fi«; ny 
sion competition and deformation of those nuclei. The latter fact involves a 
substantial chance in the level density due to a contribution of the rotational 
hands and a chance in neutron transmission coefficients caused ty the direct ex
citation of the lover collective states. 

23° Pased or. the simultaneous calculation of all neutron J!j cross sections. . • at 
tenet is narie in the present "ork to study the influence of different level-den
sity models on the energy denendence of the a . cross section, to anulyze the 
effect of the uncertainties in < P > anc| < p > 0n о and to substantiate a 

у ohs nv 
choice of the spectral factor. 
The neutron transmission coefficients required for statistical calculations w e n 
predicted usinq the counled channel method [fi] with the parameters or the non-s|hc-
rical potential carefully ontim'zed using the exoerirnental data: 
V (45.37-0.4 E ) MeV, • = 1.258 f, 

r n - 1.260 f, 
э = n.626 f 
a A = Г .530 f (1) W„ = (2.95 + 0.4 E ) f'eV, 

v = 7 5 «el/ 
vso '-э e-
B 2 * 0.216, 6л = 0.078. 
This ootential allows us to calculate, within experimental errors, the strength 
functions S and S.; o f , о , and elastic and inelastic angular neutron distribu
tions up to E = 5 iieV. Thus, we Can consider that the neutron transmission coef
ficients are calculated rather reliably. 

1. Level density modeIs used for calculations and radiative capture transmi ssior 
coefficients 

The traditional Fermi-gas model gives the following expression for p(U,J): 



142 

о2 ' £,*'/• {и-«) (2) 

where a Is the main level density parsacter proportional to the single-particle 
state density on the Fermf surface an<̂  determined from the neutron resonance den-_2 sity. The quantity m 1s usually chosen based on the quasi-classical estimation 
of (0.22 «0.25 A 2 / 3 ) , and the »«lue of 6 Is identical with the similar one in the 
miss formula. 
Tie shell effects 1n the Fermi-gas model are allowed for, by Introducing into the 
m « s farmula [7], the excitation enerqy-dependent parameter a and the shell cor
rection 6Ы: 

a * a"[1 • f('J).«H/{U-6}l, 
(3) 

f(L') - 1 - exo[-Y(b-6)] 
where t and у are the parameters determined 1n terns of systematics. 
With the collective effects taken Into account, formula (2) assumes the form: 

Th» level density Increase coefficients K_ . and Y. .. due to the rotational and 
vibrational modes and the factor <j ,following the adlabatlc estimation,are exp
ressed as In [5,8]: 

Krot " F*' * • (5) 

K y i b - exo(0.25 a Z / 3 t 4 / 3 ) , (6) 

o2 . F*'3 . F.1'3. t (7) 
where Fx end F„ are the perpendicular and parallel Inertia monent, resnectlvely; 
t t^e excited nucleus temperature. 
The relations for the level density of the superfluid nucleus model were taken 
front [5]. Unlike [5], че used К .. in the form of (6) and did not allow for the 
enerqy deoendence of the parameter a which car. be Ignored at small ÄW. 
The radiative capture transmission coefficients were calculated by the cascade y-
-quantum emission theory [9], with the competition reactions (n.yn1) and (nyf) be

ing taken into account as in [10]. The exnression for the radiative capture trans

mission coefficients 1з of the form: 
aV'fcj*i 

v ( £ ) = 2* f J ^.^'^vs^'^-s's {8) 

A p 

о cross sections are usually calculated using the soectra! factor f(E,e ) either 
in the "eisskopf form (f(?,e )~e ) or in the Lorent7 form that follows from the 
exoerimental data on photoabsorption cross sections: 

9 2 Г г4 

. , , „ , . 8 HZ ed 1.4 \ ,1, 1G S m 
е T«l » V E 1 C ' ( r1G CY ) 

The '-.'elsskoof factor in cany cases qlves satisfactory results for a but does not 
ensure the aareement with the experimental data for the enerqy dependences of the 
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radiative strength functions [11]. The use *>f the Lorer.tilan snectral factor is 
rore ohv5lcally grounded, but In this case, as has been mentioned, for example. 
In [12], the agreement between th«s eyperlmeKtal >пй calculated o m w becomes worse 
an-1 the calculated values of о prove to be substantially higher aoalnst the 

ny ' * 
experimental ones. 
flnce the radiative caoture transmission coefficients depend on the level densi
ty of a compound nucleus, it may be assumed that this disagreement between theo
ry and exnerlment Is caused by the Incorrectness of the FerH-oas model. This 
conclusion was made in [1] where U о calculations were performed up to 1 
">V (when fission competition was not allowed for) using the spheri:al optical 
neutron transmission coefficients. 
2. Siscusslon 

23S 
The V neutron cross sections were calculated by Kaustr-Feshbaeh's statis

tical model. The modified Hauser-Feshbach's model was ..sed up to 1.3 MeV and al-
lo<-'»d for the fluctuation effects of neutron widths and the correlation effects 
of (he elastic Inlet and outlet channels [14]. Above 1.3 MeV, the calculations 

238 wer» made using Tepel's formalism [15]. The scheme of the U nucleus levels 
wa*. taken from [1С]. The fission competition was allowed for In terms of the fis-
sloi transmission coefficients in the form that takes into account their spin 
fte" »ndence 

JTf (Г) T F Jn » (2J+l)exp[-
2aL 

vba-c т >;as deters hied bv fitting the calculated fission cross section to the 
experimental one. 
The calculated cross sections for discrete level excitation 1n the energy range 
un *.o 2.0 fleV agree well with the experimental ones (Fig. 1). 

A Sail» (KU) 
e l i n M r t d i M i 

Flg. 1. Comparison of 
the calculated 44, 148 
and 600 keV excitation 

2 38 level U cross sections 
with the experimental 
ones 

e.Hrv 
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Thus, the chosen parameters of the statistical model govern all neutren cross sec
tions, except о . The calculated radiative capture cross section depends strong
ly on the adopted level density model. This fact perm-Its « to choose such a lewel 
density model that ensures the best agreement between the calculated and experimen
tal cross sections over a wide energy range. 

Fig. 2. Comparison of the t J eU o n y 
cross sections calculated by diffe
rent level density models and the 
Lorentzian spectral factor with the 
experimental ones: I. Fermi-gas mo
del; I, Fermi-gas model involving 
the collective modes; 3, superfluid 
model involving the collective modes 
< < D >obs = 2 4- 8 eV t171' « V o b s ' 2 3 ' 5 
meV (ESDF/B-IV)) 

25 ENeY 
238, Figure 2 gives the comparison between the radiative capture " U cross section, 

predicted using the Lorentzian spectral factor and different level density mo
dels, a-id experimental any in the energy range from 0.1 to 3 MeV where the non-
еэпроип* mechanism of the radiative captare can be neglected. This comparison 
illustrates that the better agreement between theory and experiment in the 
whole energy range is achieved when the Fermi-gas model involving the collective 
modes 1s used. The use of the superfluid nucleus level density model leads to 
the discrepancy between theory and experiment in the 1.2 - 3.0 rieV nnge.wMIe 
in the range up to 1.2 MeV the agreement is just the same as In the case of the 
Fermi-ga* model involving the collective modes. The greatest discrepancy between 
theory and experiment 1s observed when the traditional Fermi-gas model is employ
ed. The introduction of the energy dependence of the parameter a Into the Fer
mi-gas model does not substantially change the calculated o n y cross section.This 
can be attributed to a relatively small value of the shell corrections, бы, for 
238U and 2 3 V 
The use of the Welsskopf spectral factor does not lead to a better agreement bet
ween th/* calculated and experimental о cross sections than the one achieved 
using the Lorentzian spectral factor and the Ferm1-gas model involving the collec
tive modes. Therefore, bearing in mind the greater physical significance of the 
Lorentzian spectral factor that fsHnws from the pnotoabsorptlon experiments and 
the better agreement betweer. the calculated and experimental data for the (n.yf)-
-reactlon, it becomes advisable to use 1t 1n statistical theory calculations. 
It should be noted that the unique choice of a better level density model used 
for о calculations may be substantially affected by the uncertainties of such 
quantities as <D>ob$ and < Г >ob$ 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 calculated data obtained using 
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the tradit ional Ferai-aas model, lote that oar calculate* L' »_ data <»ive evi 
deuce for a high valve of < , )>

0»>s***"8 e * П ' ] -

<Vk 
Fi«. 3. The calculated 23Ч* в 
cross section versus <5 > ,. *»t 

00 S 
neutron transmission coef f i c ient : 
(Ferei-qa> »edel involving thr c d -
l ec t ive «odes, the Lorentziai» s?ict 

24.3 
ral factor. <Г > h »23.S 
(СЯГГЛ-IV): l . y o b s <? >ofcs 

eV [ 1 7 ] . potential ( I ) ; 2 . <D > 
»17.7 eV [ I « ] , potential ( 1 ) ; 
3 - K D \bs' 1 7 - 7 *' ' ' 
cal notential [ I f ] ) 

e l s 

3 . < D >o b s« 17.7 er [ 1 8 ] . srheri-

F*V 
He assjoe that the conclusions of »'•.«• «resrnt v.ori r*y 
tron cross sections of h » a w --.clei Vr-H гг* »т. i*f-:ii-

T4J 

?->r,lo/?-'1 t'i ^re-^ict r*:-
!i-'; •-*; »xpericentA 1-
(? cross secf'cr.s ly . As an example. Figure 4 gives the con-oariso« of t^e 

evaluated by different author«; and our -•_ predicted usin<} rotential ( 1 ) , Ke 
Lorentzian spectral factor anc the Ferai-gas rr»Jel tnvolv'nc th» c?llect»v» js.or.ti. 

Fit;. 4. ro*oarison of the calculat-242 ed Pu z cross section with t*-e 
evaluated dsta cf other authors : 
1. i.lql; 2, [2"»]; 3, present wer*: 
4, ncF/P-P.') 

3. Conclusion 

1. The use of t^e non-snherical optical potential, the Lorent/ian spectral 
factor and the FenH-gas level density model involving the collective wodes n*r-
mits the self-consfstent calculation of all I! cross sections, including я 

http://js.or.ti
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over « wide energy range. 
2. The application of the traditional Fermi-gas model gives a considerable 

disagreement between the calculated and experimental о cross sections for both 
forms of the spectral factor which cannot be explained by the uncertainties of 
th» parameters used. 

3. It 1s 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 > . and < Г > . , which must be based on 

ODS Y ObS 
the experimental data evaluation. 

5. As compared to the Lorentzlan factor, the use of the Welsskopf spectral 
238 factor does not ensure better U on cross section calculations. 
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FIRST RESULTS IN EVALUATION OP NEÜTROK NUCLEAR DATA PCR Si 

D. Hermsdorf, L. Heumann 

Technische Universität 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 evaluation of a complete file for Si including all 

neutron induced reaction cross sections, angular distributions and emission 

spectra for particles and v>- quanta up to 20 MeV neutron incidence energy. A 

complete file has been envisaged regarding to the eminent practical importance 

of Si 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 Si; 

ii problems in application of reaction models for cross sections calculations; 

iii interpretation of experimental data in the fra™e of different reaction 

models. 

2. Analysis of available nuclear data files for Si 

In order to substantiate the decision of creating a new evaluated data file 

and to motivate the extensive and labourious work related to it, all 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 intercompariuon of recommended data four 

arguments for a new evaluation can be given 

i there is no really independent evaluation later then 1973; 

ii recommended data strongly deviate in nearly all quantities riven in t';e 

files (figs. 1 to 5 are examples choosen for demonstration); 

iii recently most reliable experiments have been carried out and arc available 

via the EXFOR library which can be managed by the DAPRCC computer code 

developped at the TU [7J • Л1зо those measurements performed by the nuclear 
physics group of t1le TU should be involved [8,9] ; 

iv in the author's opinion, a data file should not be a complete file only but 
also an flexible an possible against different purposes. So the most conve
nient representation type for every quantity has to be loocked for and 
should be preferred. 

3. Models used for evaluation 

In table 2 all models applied for nuclear data evaluation for Si have been 
compiled along with their rangers of validity and the reaction types which are 
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calculable in the frame of them. 

First of all, in the 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 exci

tation of discrete levels in 3i and the corresponding residual nuclei ' 'Al 

and I'.g by the Kauser - Feshbach - formalism ban been performed by use of the 

code ELISA [JOJ which is a modified version of the well - known Japanese code 

ELIS5E-2. The ElIRA code is limited to the handling of the discrete level struc

ture only, oo the calculations has to cut off at 9 I.CeV because spin and parity 

assignments are ambigous above this energy L1 Ü• 

The continuation of the calculations including the excitation of states within 

the level continuum has been done by the code STAPRE [12] . Besides the inclu

sion of continuously distributed levels the main advantage of this code is the 

extension of the Häuser - Feshbach - formalism to deal with f- deexcitation of 

all populated levels as a competitive decay mode, the successive multi - par

ticle emission as well as the treatment of first chance particle emission in 

terms of the "xciton model. 

28 
The low - lying level spectrum of 3i shows features of vibrational as wc.ll 

as rotational motions. The interpretation of the excitation of these states 

via the "'Tifnjn') reaction has been carried out by 3treil n3j in the frame 

of col:ectiv reaction models uring both DV/BA and coupled - channels - mode of 

the computer code CIIUCK-2. In the context of the pre ent contribution only the 

analysis in terms of the Optical model and different statistical models will be 

reported on. 

According to the main constituents of natural f'A the model calculations have 

been performed for Si with only three exceptions concerning the threshold 
oq pq pq 

reactions ^3i(n,p), 35i(n,c) and J5i(n,2n). 

4. Problems and results of the application of nuclear models for the evaluation 

of cross sections, angular distributions and particle spectra 

4.1. Consistency of parameters 

In all models applied, a point has made of the use of the same parameters, i.e. 

optical potentials, deformations, level densities, binding energies and other 

ones. Some problems of finding such a parameter set arise from the failure of 

experimental data or from their uncertainties and disagreement. 

4.2. Neutron elastic scattering 

Different optical potential parameter sets given by Bhat [з], Hclmqvist £14] , 

Obst [15J and others summarized in table 3 have been studied intensively to find 

out the best one which fits all experimental data in the range from 1 to 26 MeV 

neutron incidence energy [23 ... 45]. Л slightly modified version of Obst's 
potential well yields an optimum interpretation of all available data [13,171. 
Contributions from compound - elastic scattering have been taken into account 

http://wc.ll
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in terms of the Häuser - Peshbach - formalism. 

Figure 6 demonstrates the experimental and theoretical situation for integrated 

elastic scattering cross sections. The remarkable spread of experimental values 

below 1С KeV are due to the intermediate structure also visible in the total 
cross section. 

The potential well found in the described manner has been used in the ШВА and 
Coupled - Channel - analysis after a proper reduction of the imaginary potential 
depth [13]. 

4.3. Neutron inelastic scattering 

Neutron inelastic scattering exciting the low - lying levels can be understood 
well from the threshold up to about 5 I.TeV in terms of the Häuser - Peshbach -
formalism including width - fluctuation corrections. Comparable results have 

been obtained by the codes ELISA and 3TAFRE. Above 5 I'eV deviations appear indi

cating the contributions resulting from reaction modes other than statistical 

one. Usually the excitation by collective nuclear reactions is held to be res

ponsible L13j for this. 

Here also the population 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 range. Above 15 "-".eV there are no experimental data to supply or itfuse 

these results. In fig. 7 the excitation function for the Si(n,n.) 3i reaction 

demonstrates the situation mentioned above. The more flat energy dependence of 

the calculations obtained by ELISA above 9 MeV results from the level cut - off. 

The understanding of the angular distributions of inelastically scattered neu

trons is excsllent using an incoherent superposition of statistical and direct 

reaction modes £l3]. 

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 

strongly enhances the emission of high - energy neutrons from the level conti

nuum visible in both neutron sprctra and the total inelastic scattering cr^s 

section (fig. 8). 

Using the code "TAPRE neutron emission spectra can be calculated in reasonable 

agreement with measurements available. 

Commonly, angular distributions of neutron inelastic scattering to high excited 

levels or the continuum are assumed to be isotropic. 

4.4« fleutron - induced reactions 

In the energy region considered here only the Si(n,p) Al and Si(n,ed Mg 

reactions contribute to the non - elastic cross section. Both channels have been 

r>-. rr.ii.ed in terms of statistical models using the codes ELISA and 5TAPRE. 
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In agreement with the experienciee got in dealing with neutron inelastic scat

tering the code ELISA yields good results up to about 6 KeV. Above this neutron 

incidence energy a continuous level distribution must be introduced in the 

corresponding residual nuclei. The consideration of nuclear level densities 

causes some problems in preparation of calculations performed by STAPRE. 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 Si, Al 

and Kg) such a consistent set of parameters has to be found which fit all avai

lable experimental data in all open reaction channels. Pigs. 9 and 10 present 

a good and a bad example for calculated excitation functions. The deviations in 

the (n,eO reaction are due to an inadequate adjustment of parameters used in 

STAFRE calculations. 

By this method the particle spectra can be calculated with reasonable accuracy. 
Such spectra are of interest for different purposes in solid state physics. 

Finally, first results have been obtained to describe the angular distribution 

of particle transitions populating the low - lying levels in the residual nuc

lei by direct processes using xhs code CKUCK-2. 

5» Outlook for works being in progress 

In order to create a complete file some tasks will be prepared to etart in i960. 

Mainly following problems are waiting for treatment 

i evaluation of the cross sections in the thermal and epithermal energy range; 

ii evaluation of resonance parameters; 

iii evaluation of f- production cross sections and f- ray spectra induced by 
neutrons. 

Concerning the last item, valuable experiences have been collected in the use 

of statistical methods for the description of the f- deexcitation of highly 

excited nuclei [22]. 

Finally, all numerical results have to be compressed and checked against in

consistencies in partial and total cross sections. After that the data set will 

be coded in the format of the ENDF/B - library (for convenience of an inter

national exchange) and added to the SOKRATOR - library representing the file 

2015. 
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Pable 1: Compilation of file- of recor™ended data for Si 

library 

f "••.::.! 

::."'L-2 
K"." "L-7f; 
E::::-F/3-III 
:-::~F/3-IV 
J:-::I;L-I 

-:А:-..-Г; 

deri--

DF:I 251: 
КЛТ 7120 
"AT 712C 
L1AT 7S2C 
L:AT 1151 
.""A? 1194 
:.:AT 1140 

rr-for. 
ence 

[З] 
[4] 

[5] 
И 

_ ... - _. , J 

year of 
publication 

1964 
1972 
1975 
1978 
1973 
1975 
1979 

1972 
197C 

remarks 

very old file, neu
tron data only 
complete file 
no changes 
no chanp-ec 
rratihs onlv 
corr.plete file, 
available nince 1979 
neutron data or.j.y, 
includes E::D?/3-IV 
totally 
only ela.-tic neutron 
ccatterinr 
only (n,p] and (n,ei) 

Pafaip 2: ADulied models and their га;:-ь of validity to calculate cross sections 

.'od el oner -y 
ranre 

Quantities data computer 
code 

Optical 
model 

1 to 
20 T.'eV ( n , n ) anpr. d.LS ст. LI ISA 

: iauscr -
Fe rhbach 
f o r m a l . 

! 1 to 
i 9 :.:ev (n,n), (n,n|) 

(n,p), (n,tf) 
excitation 
function, 
an,?, distr. ELISA 

i excit. funct. 5TAPRE 

H. - P. -
formalism 

+ 
i multi -
; r-tep -
formalism 

+ 
Exciton-
rodel 

I 

9 to 
2C ::.ev 

( n , n ) . ( n , n . ' ) 
( n , n ' 5 , (n,J) 
( n , a q . . . 
( n , 2 n ) , ( n , n p ) 
(n,ncO . . . 

e x c i t a t i o n 
f u n c t i o n , 
p a r t i c l e 
s p e c t r a 

1TAPRE 

CC3A 
5 to 

j 20 r.;ev 
( П , П ) ( П , П П , a n g . d i s t r . CHUCK-II 
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Table 3: Optical potential well parameters for Si 

Bhat Holmqyist Kliczewski Obst Streil 
[3) M M D5] рз] 

VAleV 56.3-0.32E 48.5 43.13 52.0 52.0 
KL/tm 1.17 1.191 1.27 1.15 1.15 
a^,/fm 0.75 0.66 0.68 0.78 0.78 
a£/KeV 13.0-0.25E 7.89 9.63 12.1 12.1 
R^/fm 1.26 1.201 1.23 1.25 1.25 
a^/fm 0.58 0.48 0.45 0.47 0.47 
Vg0/KeV 6.2 8.0 8.91 4.9 9.0 

pa 
Table 4f Parameters fo r d e s c r i p t i o n of nuc lear l eve l continuum for 3 i 

Parameter Gi lber t Vonach Dilg Gadioli p resen t work 
f 8 ] [19] [20f [?1] £ 7 ] 

a/r.IeV~1 3.2 3.1 4.3 4.5 3.0 
д/KeV 3.9 0.2 0.2 1.4 1.C 
I e f f / I r i g i d 1 ' ° 1 ' c U0 °-7 U 0 

Figure capt ions 

P i g . 1 
Total crosn sec t ion in the 
energy ran^e from 0.0Г0 1 eV 
up to 1 f'eV recorir-.ended bv 
the l i b r a r i e s UKPDL and 

51 TOTAL c»055 SECTION j j i i D i t ™ ^ 



Pig. 2 
Neutron capture cross section 
in the energy range from 
O.CCO 1 eV up to 20 KeV re-
conmended by the libraries 
UKNDL and ErDL-2 

Pig. 3 
Angular distribution of 
elastically scattered 7 -
"eV - neutrons recommended 
by the libraries UKIIDL, EEDL-
2 and BAZAZY'AI.'C 

Pig. 4 
Excitation function for Si 
(n,p) recommended by the 
libraries UKKDL, EKDL-2 and 
SAMD-II 



Pig. 5 
Excitation function for Si 
(n^t) recommended by the 
libraries UKHDL, EITDL-2 and 
SAKD-II 

Pi S. 6 
Angular integrated elastic scattering 
cross section calculated by use of ELISA 
(full line) and STAPRE (compound - elas
tic scattering only) without ( dotted 
line) and with pre - equilibrium par
ticle emission (dashed line) in compari
son with experimental data measured by E>3] P , g4J f , ЁЯ О , [153« , Щ • , 

Щ « , ЫА ,[43 * , [44]* , [ 3U , 
[4Я* 

Fig. 7 
Neutron inelastic-gcattering to the first 
excited level of 3i calculated by use 
of ELISA (full line) and STAFRE without 
(dotted line) and with pre - equilibrium 
particle emission (dashed line) in com
parison with experirnental data measured 



Fig. 8 
Neutron inelastic scattering cross sec
tion calculated by use of ELISA (full 
line) and STAFRE without (dotted line) 
and with pre - equilibrium particle 
(dashed line) in comparison with experi
mental data measured by [4<ЗФ , £>4I + i 
[47)fc3,[48]V, [8]At D3A,[23JH . 

Mm 

Pig. 10 
Exci ta t ion function for Si (n,«0 ca lcu
lated by use of ELISA ( f u l l l i n e ) and 
3 1APRE with pre - equi l ibr ium p a r t i c l e 
emission (dashed l i n e ) in comparison with 
experimental data measured by pOJ©, ß f l A , 
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CCii'IjURATiCN С? DATA ER0CE33IKG Si'STE. AT 33C:iCh" CF R:l3IC3 
- HtöüEI'i'P 31АГЕ AND DEVELOP!.̂ .. ТЗ -

W. Vei l ing 

Technische U n i v e r s i t ä t Dresden, Sektion Physik, ОШ--ЗС27 Dresden 

1. In t roduc t ion 

Development cf nuclear physics experiments during the l a s t twenty years i s 
cha rac te r i zed by a remarkable inc reas ing complexity of experimental apparatus 
due to more sevcro demands from hie;her data r a t e and from acre accurate and 
mere r e l i a b l e measurements. This r e q u i r e s the app l i ca t i on of e lec t ron ic d i r i t a i 
techniques to a c q u i s i t e and process experimental da ta and to con t ro l the exoe-
r i r . en ta l devices Г"1 J . 

Ir: t h i s '.'.'ay, in 196t and l a t e r in nuclear physics l a b o r a t o r i e s :aany t r c j e c t s 
of data " recess ing cen t r e s basing on a c e n t r a l computer, »vhich i s on- l ine 
fcurdou to ex; cr i mental devices over' small or l en re r d i s t a n c e s , v/ere ".xrked 
out and proved ( f ib ' . 1 a ) . ,he advantage cf such sys icmn i s the a c q u i s i t i o n and 
:-rocess.ir... of »"road data pass ives by :.:oans of the ccmnuter and i t s : e r i ;..'.~-rai 
u n i t s , xf r ea l - t ime process in.": i s r e a l i s e d , t h i s Mode orovid.es a rood pr.ysi-
c i s t ' s moni'. cr ing on the running o;:r:e:"i::.ent. iyospite of ::hi.; a i v ' n a / e , CO-JO-

iir.g toe exre- i r .onta l device t o a cen t r a l computer ins i,;-lied ..n i~c coas j i ia , -
cen t r e ci toe i n s t i t u t e or outside e x h i b i t some se- ious problems, e.:::.: 

- access cf the :.;.., s i c i s t to the cent ra Li?:od crmnuier, to i '.". oori: ;.i..-rai 
iociLs, to 'die scf'O'aoe system and the v.'Owkiiv: r e . d r e i s ii:'".iteu - t h i s gives 
d i f f i c u l t i e s e s r . c i a l l y in rcai- t irr .e orocess^ng. 

- An e l ec t ron i c dat'» orocesr imj system i s not well ir.terfav.Jd to couple expe
r imenta l devices l i ^ c counters or ana.1 og- l i g i t a l conver te rs in nuclear 
physics devices ; r e a c t i o n time for i d e n t i f i c a t i o n and processing of i n t e r 
rup t demands is cons iderably long. 

- Data aos ' . as i t on and real- t r ine : roc ssing of phys ica l experiments, -vhich 
can r i - many .".ours or days , r equ i re long opera t ion times or a логе ccmnli-
ca te t ime-shar ing rcr ime of the computer and r e s u l t in h-irr. cos.,. 

An essen t i a^ s t ep towards +"he b e t t e r app l i ca t i on of computer techniques was the 
development of the so -ca l l ed minicomputers about 1965» permi t t ing d i r ec t coup
l ing (o i . - l ine coupl ing) to the measuring system without t roub le s ar is in; - from 
any mul t i -use r regime ( f i g . 1b ) . Wellknown types of these cor-oaro t iv. . ly cheap 
ana powerful minicomputers are PDP-fi, the Hungarian equiva len ts iTA-1U.1, the 
GDR-type K3H А-КС, and l a t e r e s p e c i a l l y the Pdp-11 famixy -.vhich has successors 
producea in many count ' " ^ s . Furthermore, the GM-computer Hobctron .<.<3 4^Co 
has t o be r.e-.tioned. 

In our i n s t i t u t e the development of computer-aided exnerimr.ntal devices began 
i n the уелгз 1971/'"^. "'hn a p n l i c a t i o n of the KR3 4200 was the only a? . ternat ive 
i n о "der to r e a l i z e d i r e c t ass igning a comnuVer to the experimental a r range-

http://orovid.es
http://ir.terfav.Jd


с: Hierarchical system inducting mim- ana microcomputers 

ment (coup. F i g . 1 ) . Due to the distance of about 15 miles to the university 
computing centers in Dresden a coupling to i t s machines would lead to high ef
for t and many troubles to agree p h y s i c i s t ' 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 acquis i t ion and control of experiments. Apart 
fiom tc i i s , un the other hand such a coupling using any telephone cable from our 
i n s t i t u t e in Pixna to the computer centre would improve the working conditions 
of p h y s i c i s t s , because many theoret ical ca lcu lat ions and work on nuclear <*ata 
evaluation could be carried out immediately from the i n s t i t u t e , unfortunately, 
powerf-il terr inale to do th i s coupling with some i n t e l l i g e n c e , with punched 
c«*rd reader and alphanumeric display are not ava i lab le . Therefore, i n s t a l l i n g 
a terminal i t Pirna has to be delayed unt i l the technical preconditions for 
i n s t a l l i n g , for data transfer and for connection to the computer centre are 
given. 

About 1972, derived from the described s i tua t ion the conception of data pro
cess ing and control of nuclear physics experiments in our i n s t i t u t e was c l ear : 

- Application of a KRS 4200 minicomputer. 

• Providing a su i table interface to couple computer and nuclear e l ec t ron i s . 

- Working out software to acquis i te and process data and to control the ex 
perimental arrangement. 
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- Later addition of further adnicoaputers and coaaectiac the« separately to 
independently ruaaiag experinsnte» these ideas cane out at date, at laaat ia 
aone aspects, by developaeat of adcroconputers allowing powerful hierarchical 
•yitoan ( f i g . 1С). 

Recently, realising a structure l ike f i $ . 1c ia the aaia topics of oar work. Ше-
vertheless the iastal lat ioa of a second IRS 4200 or 4201 aiaiceaputer would in 
crease the perforaance of the date processing capabilities and i s planned for 
next future.{2) 
It the following soae reaarks on the CtS 4200 ainicoaputer and on the nodular 
instx-unentatioa systeat CnKAC will be aade before son* coaaeate on the concep
tion of distributed processing using KHS 4200 aad nicroconputers are riven. 

2 . « i i < « . « f i i t e r P S 4200 

The aaia paraaeters of the Robotron KRS 4200 coaputer are suaaarized in table 1 . 
The availability of various standard interfaces to couple external units to the 
coaputer i s very iaportant. The producer worked out progran-controlled input/ 
output channels which correspond tc following standards Jl,4,5js 

- AS 1: Sif 1000, interface to couple typical coaputer input/output devices 
l ike typewriter, paper-tape reader and paper-tape puncher. 

- AS 3s SI 2 .2 , interface standard developed ia GDB (б] for process-control 
aodules like input and output of analogous and digital signals, slow 
counters, aultiplexers based on relays and others f7 j . Conaercially 
produced aodules suitable for nuclear physics experiments are not 
available. 

- AS 5г SI 1.2, standard interface tc chain devices (jsj, e .g . units of the 
data acquisition and output systeas aade by Funkwerk Erfurt [э]. Main
ly developed for coupling of nuaeric controlled aachine tools, AS 5 
allows connection only of about 4 units. Several nuclear electronics 
devices aade fron Central Institute of Hue leer Research in äossendorf 
are adapted to SI 1.2 [lOj. 

- AS 10: CAIUC-interface £ l l j , this connection to K3S 4200 based on develop-
aents in our institute £l2jis an iaportant precondition to use the in 
ternational wellknown instrumentation systea CAJUC. 

In spite of the f lexible input/output channels of IRS 4200, and especially of 
XRS 4201, which contains acre input/output channels coapared to IRS 4200, these 
coaputers show soae insufficient paraaeters: 

- The aeaory contains 16 К words in aaxiaua (the 4201 i s to be said to include 
up to 32 I words) - that i s not sufficient to store great data blocks which 
are given in seaiconductor detector „ided nuclear spectroscopy or in aul t i -
paraaeter coincidence experiaents. 

- External aagnetic atoory with high capacity and randoa access like aagaetic 
disks are not available! the only possibil ity i s to use aagaetlc drua aeao-
r ies with 96 К words capacity. Magnetic disks w i l l be expected. 

Installation of the powerful alphanuaerlc and graphic display developed in the 
äossendorf institute i s ia preparation. A digital plotter for accurate plotting 
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Table 1: Some parameters of t he KRS 4200 minicomputer (Robotron Dresden) foj 

Memory: 
- technology 
- capacity: 

(4201 
- cycle txme 

16 bit 
53 

Central processing unit; 
- word length: 
- number of instructions! 
- execution time 
fixed point addition: 
floating point addition: 650/us (subroutine) 

- addressing modes: direct (2 sectors,each 512 
words), indirect, indexing 

2 ,6 /u s 

f e r t i l e core 
8 or 16 К 
up to 32 K) 
1,3/us 

Input /ou tpu t channe l s : 
- program-control led channe ls : 

(4200: up t o 4 p o s s i b l e , 
4201: up t o 16 p o s s i b l e ) 

AS 1: Sif 1000 i n t e r f a c e 
AS 3 : SI 2 .2 i n t e r f a c e 
AS 4: ESER-computer coupling 
AS 5: SI 1.2 i n t e r f a c e 
AS 8: V24 i n t e r f a c e 

- direct memory access 
- interrupt inputs: 

P e r i p h e r a l u n i t s ; 

- standard equipment: 

- extended equipment: 

Software: 

AS 10: CAMAG interface (According to EUR 46'X)) 
and others 
for 1 device 
16 external, 2 using real-time clock 

typewriter 3M 4000$ paper-tape reader CT 2001» paper-
tape puncher C8025, daro '<i15; serial plotter daro 1156 
magnetic drum store PBB 2C4-2; magnetic tape store; 
magnetic disk ISOT 1370 (announced); alphanumeric 
display РБТ 4000 

- assembly language: 
- d ia logue programming system: 
- h i g h - l e v e l language: 
- r e a l - t i m e яystem program: 

SYPS 4200 
DIWA 4200 
FOR 4200 (FORTRAN) 
ESKO 4200 

- l oade r , debugging program, e d i t o r , mathematical s t andard r o u t i n e s and o th . 
- problem-oriented software t o do economic and da t a p rocess ing t a s k s , no«, 

s u i t a b l e t o c o n t r o l phys i ca l or other measuring dev ices 

of the measured and processed s p e c t r a i s miss ing in our con f igu ra t i on 

Great problems are der ived from the d i sp ropo r t i on of a v a i l a b l e and requ i red 
sof tware , t h a t means h i g h - l e v e l software t o c o n t r o l CAMAC-devices and to exe 
cu te dialogue between computer and i t s p e r i p h e r a l u n i t s . 

Al together the parameters of the KR3 4200 computer and i t s de f i c i ences i n memo
ry c a p a c i t y , i n p u t / o u t p u t channe l s , software and o the r t op ic s defined e s s e n t i 
a l l y the conf igu ra t ion of our measuring system and r e q u i r e d g r e a t e f f o r t t o 
develop s p e c i a l hard- and sof tware . 
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3 . Modular ins t rumenta t ion system CAMAC a t KRS 4200 

>^ong the various i n t e r f a c e standards l i k e SI 1.2, SI 2.2 and CAMAC we decided 
to use CAÜAC f l l j . The reasons for t h i s choice are c l e a r : 

- CAMAC i s a wel l defined ins t rumenta t ion system, adapted pr imar i ly to nuc lea r 
physics measurements. 

- СА1ЛА.С has global spread, thus f a c i l i t a t i n g i n t e r n a t i o n a l coopera t ion; i n our 
case t h i s coopera t ion i s r e f e r r i n g t o the Jo in t I n s t i t u t e of Nuclear Re
search in Dubna. 

- CAMAC e l e c t r i c a l and l o g i c a l condi t ions permit data t r a n s f e r r a t e s , which 
a re higher than process ing r a t e s in minicomputers; t he re fo re , CAInlAC can be 
successful a l so in f u t u r e using considerably f a s t e r minicomputers. 

On thfe other hand due t o o r i en t a t i on t o САЫАС we a re forced t o extend the 
inpu t /ou tpu t channels of the KRS 4-200 computer (AS 10 |j12j) and t o develop 
some system software t o program CA»A.C devices on a moderate or high program
ming l eve l [13 ,14 ] . 

The funct ion of CAI.iAC data t r ans fe r s and the s t r u c t u r e and code of CAT.IAC com
mands a r e wel lknoin , t h e r e f o r e , a d e t a i l e d desc r ip t ion can be omitted. The 
var ious p o s s i b i l i t i e s of coupling between CA'vlAC modules and the computer are 
represented in f i g . 2 f 5 j . With К1ЧЗ 42CG computer we se lec ted the s t r u c t u r e 
with branch dr iver working as input /output channel and, consequently, the 
" v e r t i c a l " CAJ.IAC dataway according to Ш 4600 and the c r a t e c o n t r o l l e r type 
A1 [15,16J. This so lu t ion guarantees the coupling of up t o 7 CAMAC c r a t e s to 
one d r i v e r without se r ious r e s t r i c t i o n s for t ransmission length and -."ithcut 
blocking of a g rea t number of computer input /output addresses - l a s t object 
was in correspondence with the requirement of the computer producer. 

With the se lec ted CAMAC-dataway a s t r u c t u r e of the measuring system as depic ted 
in f i g . 3 was r e a l i z e d . In t ab le 2 some of CAivlAC modules, developed in our i n 
s t i t u t e during l a s t y e a r s , a re l i s t e d £17,18,19]. 

At p resen t , our programming of 
CAMAC i s basec on the assembly Table_2 : CAMAC modules, developed a t 
language SYPS 4L0O of the KR3 420C t h e Technical Univers i ty of Dresden, 
and on the language CAMAC-42J0 £ i ^ , S e c t i o a o f й У з 1 с з ( s e l e c t i o n ) ; 
which contains CAi.iAC adapted e l e - CAI.AC c r a t e c o n t r o l l e r type A1 (.EUH46CG) 
ments in the kind of a problem- Manual and ex terna l programmable c r a t e 

c o n t r o l l e r 3312 or iented higher language. In both 
cases the conversion of the CAMAC- S e r i a l l i nk module 
. „ „ „ „ „ „ ,„+.„ +,na „ „ M n o „ о Л а ,„ CA.VAC branch d r i ve r AS 10 for KRS 
programs in to tne machine code i s 4 2 0 0 c o m p u t e r ( Е 1 Ш 4 6 0 0 ) 

effected in a compiling manner. Parameter input module 1240 
tha t means, a l l modif icat ions of Dataway display 3111 
the running program due t o exchange P u l s e c o u n t e r 1111 (2 x 24 b i t ) 
of separa te modules or to v a r i a t i o n s P rese t t ab le up/down counter 1170 
cf measuring s t r a t egy requ i re a l l S I 1 # 2 a d a p t e d i n p u t r e g i s t e r 1221 
precompiling and assembling passes . 3 I 1 # 2 a d a p t e d o u t p u t r e g i s t e r 1421 
This makes programming inconvenient Timer 
and time-consuming. I t i s to be em- S w i t c h r e g i s t e r ^ t m o d u l e 1 2 4 0 
phasized that improvements in pro- Control and leve l conver ter module 1520 



gramming strategy are necessary in order to support the application of CAiwAC. 
Furthermore, dialogue possibilities are essential if program is to be modified 
or if test operations during program debugging and adjustment of the devices 
have to be performed. In this direction, at KR3 420C work to extend the pro
gramming language BASIC with CAMAC commands requires attention [l4, 20j. An
other alternative can be seen using FGPTRAN-CAMAC subroutines [21] and at the 
KRS 4200 the magnetic drum memory saving unreliable paper-tape work during the 
compiling phases. 

Fig.2: CAMAC configurations 

4. New developments basing on microcomputers 
The development of small-size and low-cost microcomputers with high computing 
power, which is similar to the performance of first minicomputers, opened new 
ways in automation and data processing by digital techniques f22j. According to 
fig. 2 there are three essential variants to include microcomputers in CAMAC: 
V"1. Coupling of an external microcomputer to CAI.iAC by use of 

V1.1 a branch driver for one or more CAMAC crates, 
VI.2 a specialized CAKAC crate controller adapted to microcomputer input-

output channel, 
V1.3 another standard interface like 31 1.2, which is realized in GDR mi

crocomputers and which supposes а СА.'ЛАС crate controller fitted to 



t h i s s tandard i n t e r f a c e . 
¥2. Expanding the CAMAC c r a t e c o n t r o l l e r by 

an i n - b u i l t microcomputer r e s u l t i n g in an 
" i n t e l l i g e n t " c r a t e c o n t r o l l e r (ICC), 
which saves an ex te rna l computer to con
t r o l CAMAC f25J. 

V3. Addit ion of f u r t h e r CAMAC-modules placed 
on normal s t a t i o n numbers, which include 
microcomputer elements t o organize work 
of a connected pe r iphe ra l u n i t without 
loading of the computer. Presence of s e 
v e r a l c o n t r o l l e r s i n a c r a t e r e q u i r e s , 
however, an a u x i l i a r y c o n t r o l l e r bus ACB 
to share access to the CAMAC-dataway 
according t o se lec ted c o n t r o l l e r p r i o r i 
t i e s £24] . 

Consequent i n s t a l l a t i o n of microcomputers i n "0rt 

a system l i k e f i g . 1c suggested a h i e r a r c h i 
ca l s t r u c t u r e which i s shown in f i g . 4 . The F i g > 5 . ^ ^2QQ m i n i c o m p u t e r 

KR3 4200 i s the c e n t r a l computer having s u i - coupled to CAKAC 
tab le pe r iphe ra l un i t s and via the A3 10 
access t o 7 CAi.iAC c r a t e s in maximum. Furthermore CALAC c r a t e s can be con t ro l l ed 
by microcomputers of the type SDK-80 [25J or MPS 4944 [26jusing 8080 micropro
c e s s o r s . That means systems with moderate data processing requirements can be 
con t ro l l ed independently of the KRS 4200 by separate microcomputers. This p r i n 
c i p l e of d i s t r i b u t e d dataprocessing s impl i f ies e s s e n t i a l l y software problems 
compared to a mul t i -user regime on a more powerful c e n t r a l computer. 

If access t o the c e n t r a l computer would be necessary, then coupling of the 
microcomputer con t ro l l ed CAMAC c r a t e by use of da t a l inks as CAi.IAC modules can 
be recommendedJ27i28j. This r ep resen t s a two-level h i e r a r c h i c a l s t r u c t u r e , 
which opens many p o s s i b i l i t i e s t o f ind out an optimum system solving spec ia l 
t a s k s . More p r e c i s e l y , from the v a r i a n t s mentioned above we se l ec t ed such va
r i a n t s which a r e compatible with demands from experiments and from l imi ted 
technologica l suppos i t ions : 

V1.1 Development of a simple branch-dr iver adapted t o the 8255 programmable 
p e r i p h e r a l in te r face chips of the SDK-80 microcomputer £25,29] . A s t a n 
dard c r a t e c o n t r o l l e r type A" i s usable . 

V1.3 Appl icat ion of the SI 1.2 i n t e r f ace card of the MPS 4944 microcomputer, 
wnich does not include programmable i n t e r f ace s l i k e 8255 or Z80-PI0. 
This required che development of a SI 1.2 adapted c r a t e c o n t r o l l e r £30j . 

V3. Addi t ional c o n t r o l l e r s in a c r a t e l i k e t he " i n t e l l i g e n t " c o n t r o l l e r 
Ai.CA-80 £3 lJ , need the a u x i l i a r y c o n t r o l l e r bus f24j . This suggested the 
development of a c o n t r o l l e r which is adapted to SI 1.2 and includes the 
ACB connect ion; manual and external programmable c o n t r o l l e r 3312 £30j. 

Worth mentioning t h a t the c o n t r o l l e r 3312 can work independently of a computer. 
I t al lows programming of two commands NAF using f ront paneel switch r e g i s t e r . 
In t h i s regime t e s t s of CAMAC modules, e spec i a l l y a s long-term r e l i a b i l i t y mea-



Fig .4 : Data processing based on system shown in f i g . 3 and expanded by 

microcomputers 

surements, can be performed without blocking of a con t ro l l i ng computer. 

To simplify CAIviAC programming when using microcomputers SDK-80 and biPS 4944 the 
standard monitor program was extended by CAMAC commands £32, 3 3 j . These commands 
c a l l subrout ines to compose the command NAF (or in SDK-80 app l i ca t i ons CNAF) 
from separa te by te s , t o t e s t s igna l s X and Q depending on dec la ra t ion by the 
user and t o supervise the time of CAMAC dataway opera t ions . This programming 
does not correspond t o the app l i ca t ion of a h igh - l eve l programming language, 
oecause the user mu3t know a lo t of CAl'AC hardware and microcomputer d e t a i l s . 
never the less a programming language l i ke BASIC with CAMAC expansion would be 
very des i r ab le when to use microcomputers. 

Because of the general app l i ca t ion of CAMAC the coupling of c r a t e s con t ro l l ed 
by computer or by the c o n t r o l l e r 3312 using data l ink modules i s suggested. 
The data l ink modules developed in our i n s t i t u t e exh ib i t severa l data t r ans fe r 
modes and, the re fore , good adaption to spec ia l t r a n s f e r l i n e s . 

Sa t i s f ac t i on of higher data processing requirements l e t the i n s t a l l a t i o n of a 
second KSS 42G0 or 4201 computer t o be an important task for next fu tu re . As 
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ind ica ted in f i g . 4 t h i s i s independent of a d d i t i o n a l app l i ca t i on of microcom
puters . 

Experience was obtained by app l i ca t ion of KHS 4200 con t ro l l ed CAMAC-system t o 
measure the (n , f ) c ro s s - sec t i ons with very high accuracy 1341. The SDK-8C 
microcomputer i s used to con t ro l tne cur ren t of a quadrupole lens for h ighes t 
ion cur ren t a t the neutron producing t a r g e t f 3 2 , 3 5 j . Applying a f i b e r - o p t i c 
t ransmission l i n e i s in prepara t ion t o t r a n s f e r da ta from MPS 4944 v ia da ta 
l i nk modules to a CAI.IAC c r a t e with 3312 c o n t r o l l e r having the 5C0 kV p o t e n t i a l 
of the top end of a cascade genera tor . Furthermore, t he automation of (n ,n*) 
s c a t t e r i n g experiments by means of a MPS 4944 microcomputer and data block 
t r a n s f e r to KRS 4200 i s planned T . ^ J . 
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COMTRIBUTION TO AUTOMATION OP A CASCADE GENERATOR USING A MICROCOMPUTER 

P. Gleisberg, W. Enghardt1* and W. Mailing 

Technische Universität Dresden, Sektion Physik, DDR - 8027 Dresden 

Demand for higher precision of nuclear physics exoeriments increases permanent

ly. V/ith regard to experiments at 150 kV and 500 kV cascade generator to 

produce neutrons this demand implies: 

- maximum value of the beam current 

- long-term stability 

- stabilisation of beam bunching. 

Additionally, starting the generator requires long experience and good 

dexterity from the operator. Hence, it follows, that the generator should be 

automatically controlled so relieving the operator and giving better stability 

of important parameters of the cascade generator. 

Pirst work for automation of the cascade generator was carried out steo 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 is realized. 

Рог work at the cascade generator the microcomputer SDK - 80 was available. 
This is a single-board microcomputer kit, including the 8080 CPU, 4 к bytes 
ROM and 1.75 к 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 driver [lj , according to 
the CAMAC-Branch Highway by EUR 4600. During each branch operation the branch 
driver can communicate with a maxir л of three crate controllers. 
The CAMAC-commands CNAF are directly generated on the microcomputer address 

now Zentralinetitut für Kernforechung, Roseendorf 



?L~. 1: Format of the address and tiata bits representing the CAMAC command 

The JAMAC-conur.-i-.is ars written into the Ъгз-ich driver coim-nd register. The 
JA."."AC-write 5-vd read data are buffered in the twc 8255 interfaces. Moreover, 
one 3255 etores in 3-oit status v.-ord in every 3A:..AC-eycle. This includes the 
X- and ,-response and the status of the interrupt sources. The control unit of 
the branch driver org-nizes the timing, supervises the branch operation and 
releases if required de-̂ .nd signals. 



The microcomputer with branch drirer needs for generating one CA^iAC-read or 

write coamand about 75 microseconds and for one CAMAC-control comaand about 

30 microseconds. 

In expansion of the SDK 90 microcomputer standard monitor a CAMAC-monitor was 

defined facilitating the attendance of the CAMAC-configuration \£\ . 

First application on the cascade generator 

By control of the current through a quadrvpole lens doublett the beam current, 

measured on the target, i3 hold permanently in the maximum. 

This is a problem tc find the optimum of a function which depends on two para

meters. This requires to look for a optimization method suitable for the micro

computer with regard to the permissible computer execution tiae and the 

available storage capacity. Using the SDK - 80 microcomputer which is coupled 

to CAVAC a suitable optimization method was selected and programmed. 
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A digitaly controlled power-iwitch module provides, arter the input of a data 
word, transfered via a data output module, the current of one branch of the 
quadrupole lens. The Ьечш 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 
information 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. 

Pig. 4: The succession to find out the maximum of the beam 
current at the target 
IH - current of the horicontal focus lens 
Iy - 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 ie 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 absolute maximum. 

References: 
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Т Е Р Ш Ч Л ЦИФРОВЫХ ДАННЫХ ПРИ ЭКСПЕРИМЕНТАХ В ЯДЕРНОЙ ФИЗИКЕ 

Ф. Вайдхазе, А. Пэтиг 
Технически Университет Дрезден, Секция физики, Дрезден, ГДР 

I. Задачи передачи цифровых данных 
В ближайшем будущем физики чане будут пользоваться макропроцессорами. Их назна
чение состоит в "он лайнп-управлении экспериментами и в редукцгч данных. Для 
вычислений на спектрах лучие всего применять электроявовычмслительные мамины 
(ЭВМ). Связь между <*тими и более маленькими ЭВМ происходит при помощи так на
зываемых "лннк модулей" [fj. При этом можно использовать скорости передачи 
данных, согласно рисунку I. 

Ubertraqunqs -

Рис. I Типичные скорости при передаче данных 

Другое назначение состоит в установке, управл«. ши и контроле ускорителя с по
мощь» микропроцессоров [2j. При этом требования на скорости низкие, а на без
ошибочную передачу данных высокие. 
Все вышеперечисленные аспекты находят отражение в проекте отдела ядерной физи
ки Технического Университета Дрездена [з]. 'исунпк 2 показывает одну Микро-ЭВМ 
типа МПС 4944 (Центральный институт ядерных исследований, ГДР), лежащую на по
тенциале земли. С помощью лластоволокнистого кабеля произходит передача на вы-

• соковольтную аппаратуру ускорителя. Мы применяем для модуляции и демодуляции 
Линк-модульи, типа 1471 [з, 4J. В ближайшем будущем цифровые измерительные 
звенья и блоки питания с цифровым управлением будут находиться на высоковольт
ной аппаратуре в одном телеуправляемом КАНАК каркасе (крейт). 
Нам хочется подчеркнуть, что связи к маленькой ЭВМ типа КГС 4200 (FoöofpoH, 
ГДР) также идут по Линк модулю, типа 1471. 



Рис. 2 Проект Технического Университета Дрездена для телеуправления одного КА:Ш каркаса при установке, управлении к контроле ускорителя с помозыо микропроцессоров 

2. Некоторые параметры Динк модуля IV7I 
Линк модуль построен для быстрой передачи данных [*, 5J. Поэтому в нем находят
ся два пути: соответственно для входа и выхода, то есть через КАМАК магистраль 
или передной панель. Модуль работает последовательно на кабеле. С помощью па
раллельного передного входа или выхода возможно быстрое осуществление ДМА свя
зей. Кроме того, они нужны для телеуправления одного раккаса. 
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ОСлччо скорость передачи данных составляет 2 нега бит г секунду, причем защита 
с? эз*. ок о«ен> хорошая. Например, без затруднен хохно дать импульсы в 6СС S 
лрг передаче ьа четырёхсотметссвыг кабель. Зосходяжее время ннпудьсов составля
ет 30 не. 3 основной, залгта против эжкбо.: достигается прк поножи ферриткохьце-
гых трансформаторов. В модуле однократное жжрины находится 79 интегральных мик
росхем. 

3.Некоторые параметры участка для световс . передачи 
Sfei построяли чувствительный еветоприёмяик. Ск работает очень надежно пги вход-
но- иомгости света 1С ватт. Приёмник погг-ден для диапазона с частотой до 
5 1гц. У нас применяется длина только в ' «•••ров, поэтому *ы смогла использо
вать демёаый кабель типа Grir.ifil _:к (£вар-и-, ГД?). Этот кабель имеет минимум 
затухания (демпфирования), для храсногс света. Мы смогли применить обычные лю-
нинисцентнхе диоды, глпа ¥0А 12. Его съ товая можкссть составляет 3 • Ю " 4 ватт. 

Ряс. 3 Блок для световой передачи. Он содеохает два светопркёмнкка, два светопередачика и два стабильных трансвёртера (+ 5В вход, i -5В 
л t30B выход) 

». Уровень реализации 
Мы стараемся производить Линк модули и светоприёмннкк. Все проведённые испыта
ния образка проели успешно. Пластоволокнистый кабель ухе один год находятся в 
ускорителе. За это время мы не смогли установить каких-либо изменений • кабеле. 
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ИСПОЛЬЗОВАНИЕ МИКРО-ЭВМ В ЭКСПЕРИМЕНТЕ НА КАСКАДНОМ ГЕНЕРАТОРЕ 

Г. Хайнрих, Г. Клосс 
Технический университет Дрезден, Секция физики, Дрезден, ГДР 

Описываются задачи микро-ЭВМ типа "MIKM9H" при автоматизации экспериментов на 
нейтронном генераторе, в частности подключение многоканалного анализатора типа 
ИЦА-70. 

1. Введение, задачи микро-ЭВМ 
При автоматизации спектрометра быстрых нейтронов по методу вреыени пролета с 
помощью микро-ЭВМ можно установить автономные системы и проводить простые про
верки эксперимента и управляющие функции. 
С помощью микро-ЭВМ и на базе данной техники возможно выполнить физические за
дачи более эффективно и точнее, например 
- определение сечений рассеяния нейтронов в широком диапазоне углов, 
- использование более длинных баз пролета, 
- определение параметров аппаратуры, например напряжение для отклонения пучка, 
ток через квадруполные линзы. 

Кроме того преимунество микро-РВМ по сравнению с постоянно поянными системами 
состоит в модулярном характере электронных блоков и в возможности свободного 
программирования эксперимента. Это означает, что система с микро-ЭВМ соответст
вует наилучшим образом различны« режимам измерений. 
Началась у нас автоматизация нейтронного генератора на базе микро-ЭВМ типа 
МПС-4944 ЦИЯИ Россендорф (стандарт Академии Наук, ГДР) [i]. Уровень развития 
этой микро-ЭВМ соответствует техническим возможностям 1977/78 годов. 
При этом МПС должна выполнить следующие задачи: 
- проводение механ эских функций управления при помощи специальных дачиков, 
- обслуживание специального интерфейса многоканального анализатора для измере
ния спектров, 

- установление связи к стандарту КАМАК при помощи управляющего ручного кон
троллера и к мини-ЭВМ КРС-4200 при помощи КАМАК-КАМАК-линк, 

- протоколлирование эксперимента на телетайпе или на дисплее в иде обычного 
телевизора и обслуживание периферных установок, 

- управление режимом старт-стоп монигорных счетчиков в КАМАКе, 
- предварительная обработка спектров на простом уровне. 

2. Конкретная конфигурация эксперимента и электроники 
Данная конфигурация микро-ЭВМ МПС-4944 вместе с подключением периферии показано 
на рис. I. 



Рис. I Данная конфигурация иикро-ЭВМ МПС-4944 

Процессорная плата работает с микропроцессором ИНТЕЛ 8080. Блок "РВЕ" например 
позволяет обрабатывать сигналы прерывания из процесса. С помощью пульт управ
ления возможно прекращать программу на любом адресе. 

йзходя из физических требований и выше названных задач получилось следующие 
степени реализации всей системой: 

1) Управление венгерским многоканалным анализатором для измерения ядерно-физя-
ческих величин и предварительная обработка данных при помощи микро-ЭВМ, 

2) Подключение электроники в стандарте КАМАК к микро-ЭВМ, 

3) Установление канала связи дл-* передачи данных от микро-ЭВМ МПС 4944 до мини-
ЭВМ КРС 4200 на базе КАМАК-линк, 

Этие факты определяют один вариант (л,п.')-эксперимента, как указанно на рис. 2. 
К пунктам 2) и 3) посмотрите другие статьи этого выпуска. 

С учитыванием следующих аспектов мы связывали многоканалный анализатор ЙЦА-70 
и МПС-4944 [ 2 ] : 

- использование 8 Кбайт ферритной пам^и /ЦА-70 постогнным запоминающим устрой
ством для МПС, 

- применение мощной аналогof части анализатора, 

- приготовленнар подходящий к ЭВМ конфигурация интерфейсной электроники ЙЦА-70 
напримеп для подключения мини-ЭВМ ТПАи или ТПА-70 и 

- суг-^ствование hand-shake - интерфейса СИ 1.2 у микро-ЭВМ МПС-4944. 

С этим предположением развивали интерфейсную плату, которую в анализаторе прямо 
работает 5«з дополнительных изменений. 
Плата чыполняет следующие функции: 

- управление анализатором на основе стандарта СИ 1 .2 , 

- изменение режима работы (амплитудно-импульсный анализ, время-амплитудный ана-
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лнз «ли вывод на печать и.т.д.), 
- выбор зоны внутренней памяти, 
- установка стартового адреса в выбранной зоне памяти и 
- чтение и запись данных [з] . 

Рис. 2 Блок-схема варианта (т^п^-эксперимента с микрокоыпютером МПС 4944 

Вся система работает на оси е программ-монитор "МИИО-80" (минимальный монитор) 
а будущее на базе "СМ-80" (стандартный монитор) [4]. Монитор реализирует 
- изменение и манипулация содержания регистров, 
- коммуникация, это оэначет обслуживание перфоратора, перфочитателя или теле

тайпа, 
- арифметические и другие операции. 
На основе монитора главный программ эксперимента выполняет например такие 
функции, хах 
- суммирование ] 
" Таить \ спектров. 
- деление 
- сдвиг в диапазоне 256 каналов 

j 
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Таким обрасои имеется возможность управления анализатором и предварительной 
обработки данных на простом у^вне физического эксперимента с помощью микро-ЭВМ. 

3. Литература 
[l] Modulares Mikrorechnersystem MPS-4944, Firmenschrift ZfK Eoesendorf, 1978; 
[2] ICA-70 user manual, E7KI Budapest; 
[3] Heinrich, G.: Kopplung eir's Vielkanalanalysators ICA-70 an den Mikro

rechner MFS-4944 sowie Schaifung von Rahmen-Applikationaprogrammen für 
(n,n*)-Flugzeitexperimenten, 
Technische Universität Dresden, Sektion Physik, Diplomarbeit, Aug. 1979; 

M Werner, D.: Steuerprogramm MIMO. Minimalmonitor für das Mikroprozessor
system MPS-4944, Informationsschrift, TU Dresden, Sektion Informations
verarbeitung, 1978. 
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"anual and External Programmable Crate Controller Type 3312 

J. Pbthig, P. Weidhase 

Technische Universität Dresden, Sektion Physik, DDR-8027 Dresden 

The development of the crate controller ty; 3312 was started from the follow

ing aspects /1/: 

- Trie remarkable international progress of microelectronics gave the possibil

ity to automate more and more processes. Рог work with СAil АС systems this 
implies to apply computers in measurement, for service and testing purposes. 
Such computers have a various size, tney can be placed into or out of the 
САИАС 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 controller, indicator of dataway signals and parameter input switch 
register 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 САЫАС configurations of different size. 

Therefore, the manual and external programmable crate controller type 3312 
performs following functions, generally realized as separate modules: 
1. Single-crate controller as connection between CAUAC crate dataway and the 

control unit using a parallel datatransfer controlled by handshake signals. 
2. Manuel controller to do service and development teste without additional 

computer, with several possibilities for triggering and indicating. 
3. Minimal controller in a САЫАС 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-linee signals to a 
LAM-grader and to the auxiliary controller. 

4. Display of dataway signals to support test programs and to monitor dataway 
operations. Separate storing and indicating data of the dataway lines is 
available. 

5. 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 external computer using the parallel 
interface. 

In the following, some possibilities to use the crate controller type 3312 are 
summarized showing the flexible application. 
1. The CAMAC configuration consists of one crate, the crate controller (CO 

typ* 3312 and the modules (M) needed for the measurements (see lower part 
of fig. 1). The crate controller type 3312 lr u*9d as a'manual controller. 

2. 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 САЫАС 
link modules (L) type 1470 or Syj>e 1471 /,/ (fig. 1). 



" О CT 
Pip. 4: Far-away controlled САМАС using 

Multichannel Analyzer 



181 

3 . The cra te i s co t ro l l ed by a computer (MPS 4944) placed near the orate using 
the SI 1.2 i n t e r f a c e . Software problems of such conf igurat ion are spoken 
about in / 4 / ( f i g . 2 ) . 

4 . The c ra te i s con t ro l led by the ex te rna l computer (UPS 4944), but there i a 
a difference to p r in t 3 , a far-away standing computer (KHS 4200), which i s 
connected to the system by CAMAC l ink modules (L); t h i s represen ts a h i e r 
a rch ica l computer system. 

5 . No ex te rna l computer con t ro l s the c r a t e , but an i n t e r n a l one, e .g . using an 
i n t e l l i g e n t a u x i l i a r y c o n t r o l l e r , for ins tance the AMCA 80, developed in the 
Central I n s t i t u t e of Electron Physics / 5 / . 

6 . The l a s t app l i ca t ion , which i s to be mentioned, r ep resen t s the combination 
of a l l these described p o s s i b i l i t i e s ( f i g . 3 ) . This means, tna t a computer 
system cons i s t ing of three computers would be r e a l i z e d . 

At l a s t , a spec ia l app l i ca t ion of the cra te c o n t r o l l e r type 3312 i s mentioned, 
where a far-away control led multichannel analyzer based on САЫАС •instrumenta
t ion was b u i l t ( f i g . 4 ) . The conf igurat ion cons i s t s of a minicomputer TPA, 
which ia connected to 0AI.IAC by a spec ia l c o n t r o l l e r (GC), a display d r ive r (D) 
with a display and a l ink module on the one s i d e . On the o ther s ide i t cons i s t s 
of the CAMAC multichannel analyzer , tha t means a ana logue-d ig i t a l - conver t e r , 
a memory and a t i m e r - s e a l e r . At measurement, there was a cable length of about 
100 m between the two p a r t s of trie system. 

The aim of t e s t i n g t h i s confi^urat ion лаз to get experience with a far-away 
cont ro l led CAMAC system; the r e s u l t s confirmed the function of tne c o n t r o l l e r . 

/ 1 / Pö th ig . J ; iVeidhase.P: Manuell und extern s t eue rba re r Crate Cont ro l le r 
3312 
P rep r in t , TU Dresden, 1979 

/ 2 / Multiple Cont ro l le rs in a CA'.IAC-crate 
Heport, EÜRAT0K EUR 6500, 1978 

/ 3 / Weidhase,F; Borkenhagen,M; Pauls t ich,X; Hiekmann.S: Anwendungsmög
l i chke i t en und Konzeption des s e r i e l l e n Link-rüoduls 1471 
P rep r in t , TU Dresden, 1979 

/ 4 / Bngbardt.W: CAKAC-Monitor für den Mikrorechner MPS 4944 
ins Diplomarbeit, TU Dresden, 1979 

/ 5 / Beuchel.T; L i n g e r t a t , J ; F/.essing.G; Starepravo.A: Basic Design Consid
e r a t i o n to a Mult iControl ler Configuration in a CAIiAC-crate 
P rep r in t , ZIE Berl in , 1977 
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CAMAC - SOFTWARE FOB THB KÄS 42C0 MINICOMPUTER 

W. Gri-ш and ». Meiling 
Technische Universität Dresden, Sektion Physik, SDR - 8027 Dresden 

Some work has been carried oat to develope CAMAC instrumentation adapted to a 

KRS 4200 minicomputer and to provide software for the CAMAC control in nuclear 

physics experiments flj . The main purpose of this work is the improvement of 

the efficiency and accuracy of the measurements. For this, the following 

features nave to be considered: 

1. Computer aided control of the whole measurement including periods to ad

just and test the devices. 

2. On-line data processing and evaluation. 

3. Increasing quantity of data, which are to Ъч checked and stored, and re
quirements on data processing. 

4. High reliability of data processing and controlling the arrangecents in
cluding the long-term stability by the use of specific programming 
techniques. 

5- Facilitation to realize the communication and dialogue between the opera
tor and the measuring equipment. 

Table 1: Comparison of some programming languages referring t Vre KRS 4-2CC 

notation of 
application 
programs 
and 
processing 

real-time 
conditions 

recommendations 
for use 

SYPS 4200 
-assembly language 
3TPS 4200; application 
for CAMAC control, data 
processing and numeri
cal analysis with very 
high effort by 
programmer 
-application programs 
with optimum execution 
times and memory 
efficiency programmable 

-reaction time for 
CAKAC-look-at-me 
(programmable) down to 
10 microsecond 

-use only for special 
application programs 

CAIIAC 420C 
-ci^h-level prcgrasning 
language C*MAC ь2>:0; 
comfortable description 
for CAÜAC contr 1 4Qd 
CAMAC data processing 
operations, 
some facilities to 
define numerical 
analysis 
-high execution speed 
of CAMAC control and 
CA/LAC data processing 
-compiling, editing, and 
debugging with high 
effort by operatcr 

-reaction time for 
САМАС-look-at-me less 
then 300 microsecond 

-use for application 
programs with some 
CAMAC processing 
instructions and a 
small part for 
numerical analysis 
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»hat are the requirements to the software for measuring programs running 
on an on-line coupled minicomputer like KBS *200 type equipped with САУАС 
process periphery? 

-The development of CAMAC-application programs must be based on a high-level 
programming language. In this way, the operator ist able to define his 
specific measuring problem as a computer program. Hot only comfortable 
expressing possibilities, a well defined syntax structure, statements for 
real-time processing and interrupt handling, but also extensive compatibi
lity with well-known programming languages such as FORTRAN, ALGOL, PX1, 
BASIC or PEARL are important. Cn the other hand, this would be helpful to 
support understanding and documentation of tested programs and to enable 
program exchange. 

-The defined measuring algorithm has to be transferred in a machine-running 
program for the KR3 4200 minicomputer by use of programming aids which can 
be handled easily. Of course, it is desirable that the изег must not know 
minicomputer hardware details or details of program work referred to the 
interface units. 

-To realize an effective application of any computer aided measuring 
arrangement it is necessiry to include debugging facilities and 

minicomputer 

FORTRAN 4200 FORTRAH (FÜ3S) 4200 

-high-level pT*ograomiin»r.Ianruai:e FOETHAN 
(subset of Basic FORTRAN); 
efficient and comfortable description of 
numerical analysis, subroutines and 
functions for CAiiAC control and CA'.IAC 
lata processing 

-compiling, editing, 
and debugging 
with a moderate effort 

-comfortable compiling 
and editing 
data processing with 
extern memories (mag
netic tape stores and 
magnetic drum 
memories) 

-no facilities for processing 
cf CAMAC-iook-at-me 

| 
-use for application programs 
requiring considerable amount of 
numerical data processing 

• 

BASIC 42001 

-high-level рго£газиа1п£ 
language BASIC-; unifi
cation of all tne sys
tem functions iaclucing 
editing, running, 
debugging, filemanrge-
ment in the coherent 
language, extended by 
the introduction of 
statements for CAMAC 
control and CAKAC data 
processing, interrupt-
handling and real-time 
operations 

-interactive programming 
-debugging facilities 

-reaction time for 
CAJKAC-look-at-me 
about 1 millisecond, 
real-time operations 

-is qualified for most 
applications 

I , . , 
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a comfortable detection system to find out erroneous function of the pro

cess 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 £S?,3,4j. 
The programming system BASIC 4200 is under developements. 
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RIAL-TIME BASIC -
PRINCIPLES AND ШРШШГСЛТДОК FOR KBS *200 MIKICOKPDnSS 

W. Grim 
Technische Universität Dresden, Sektion Physik, DDK - 8027 Dresden 

P. Hoffmann 
Ingenieurhochschule Dresden, DDR - 8019 Dresden 

Abstract 

A special programming system for the U S 4200 minicomputer with CAMAC peri
pher/ is described. The programming, language BASIC has been extended by some 
types of variables, special statements for CAMAC control commands, CAHAC 
read/write statements, interrupt handling and bit manipulation. Comfortable 
programming aids for editing running, debugging, file management allow to 
work out application programs for nuclear physics experiments. 

1. The programming language BASIC 

The Basic language flj is composed of easily understood statements and com
mands, it is one of the simplest programming language to learn. It is deve
loped for the dialogue between user and computer during preduction and test of 
the programs. Advantages are: 

1. Each statement line has a line number. lou can type the lines in any order. 

The BASIC systca stores thea in numeric order by line number. It is 

easily possible to delete, to insert and tc change statement lines. 

2. Most of the syntax errors are notified by the system directly after the 
input of the statement line. 

3. lou 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 

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 performed. 

Additional elements of the language set are: constants, variables operators 

and functions. For example: 

100 LET A(I,J)=B*5IW(X) assignment-statement 

200 F08 1=1 TO 2*»V STEP 2 loop-statements 
210 B(I)=K*C(I) 
220 NEXT I 

300 IF 1=0 THE* 400 alternative-statement 

400 PRIirr "THE VALUES OF A(I,J) JUID K2 ARE: "; input/output-stateaente 
410 INPUT A(I,J),I2 
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2. The extension of BASIC tor CAüAC applications 

1. Names and types 

The original BASIC know only variables of numerical type represented by floa
ting point values. А СABAC-BASIC language must include also variables of other 
types. In CAHAC-BASIC each name begins wrth two letters which characterize the 
type. There are the following types: 

.able name 
WRnaraff 

Шпате 
IE. паше 
FL паве 
CHnaae 
СНпате 

>г names a r e : 

Flnase 
FI« na те 
PCnaze 

meaning 

binary shor t 
binary normal 
binary long 
f loa t ing po in t 
charac ter 
САИАС adress 

f i l e 

length 

8 b i t s 
16 b i t s 
32 b i t s 
48 b i t s 

8 b i t s 
16 b i t s 

one- l ine function 
procedure 

паве :: = letter fletter] •[digit J 

A variable пяге which *ith less then three letters characterizes a type of 
binary normal (if the first letter is I...K) or a type of floating point. 

2. Assitner.t statement for CAZAC addressee 

L3T CUname - c-adress e - e d d r e s s ^ j g ^ j t N U ) ] [A(a)] 
c: Crate number n: station a: subaddrees 

3. Control statement 
CON (CMnase) cc-function cc-function: Fb... F15, F2«.... P31, mnemonics for crate and 

branch commands 

4. Read/write statements 
READ (CVname, cr-function) en-variable 
«SITE (CHname, cw-function) sn-variable 
BREAD (CHname,cr-function)vn-variable[(froa-index-varieble [..to-indez-exp] )] 
3«Й1ТЕ(СМпаше,cw-function)vn-variable [(from-index-variable [. .to-index-exp])] 

with: RBAD/*RITB for simple CAJIAC transfer 
BRKAD/B*RITB for block transfer 

en-variable! simple variable with a numerical value 
vn-variable: vector variable with numerical values 
сг-function: FO... F7 cw-function: F16... F23 

The from-index-variable indicates before transfer the first vector element 
and after 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. 
(label is a line-number) LINK (e_-dto.-.)|jg2.} 

The interrupt routine is left by 

EXIT (return from interrupt subroutine) 

PCEXIT (return from interrupt procedure) 

6. Functions for bit manipulations 

HOT(exp) SHL(shift-exp,exp) with: STC: set bit and test its change 

AND(exp,exp) SHR(flhift-exp,exp) 

OR (exp,exp) BIT(position,exp) 

XOR(exp.exp) STC(position,exp) RTC: reset bit and teBt its change 

RTC(poeition,exp) 

exp: expression 

7. Global system variables 

QCM: Q-semaphore, 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 

sinniltinously. The counted results are printed out by teletype. 

10 REM MEASUREMENT V1ITH PIVJ COUNTERS 

20 AND OUTPUT OP THE VALUES OP THE BINARY CJNTIHG REGISTERS 

30 DIM CMC (5) 

40 LET CMC (1) = C(D N(1) A(0) ^DEFINE THE CAMAC ADDRESSES 

50 LET CMC (2) = C(D N(2) A(0) 

60 LET CMC (3) - C(1) N(3) A(0) 

70 LET CMC (4) - C(D N(4) A(0) 

80 LET CMC (5) = C(1) N(5) A(0) 

90 DIM M(5) 

100 PRINT "NUMBER OP MEASUREMENTS ?" 

110 I'TPUT NM 

120 POR 1=1 TO NM 

130 PRINT "MEASUREMENT";I;":"; 

140 CON (CMC) CZ ^ACTIVATE CRATE Z'BUS 

150 CON (CMC) ENB ^ENABLE THE COUNTERS 

160 CON (CMC) CC 4P CLEAR THE COUNTING REGISTERS 
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180 RBI START THE MEASUREMENT 
190 COI (CMC) CLRCI jFCLEAR CRATE INHIBIT 
200 WAIT (0:5tO) #*AIT 5 MINUTES 
210 СОН (CMC) SBTCI if SBC CRATE INHIBIT 
220 FOR J-1 TO 5 
230 READ (CMC(J), JO) II ^READ COUNTING REGISTER 
240 REM CONVERT THE COUNTED BINARY DECIMAL VALUES 
250 RSI INTO VALUES OP THE BINARY TYPE 
260 LET IY - ANDOU.IX) + 10 # AND('17,SHR(4,IX) 
270 LET IY « IY + 100*AND('17,SHR(8,IX) 
280 OUTPUT (IY, F(6)) 
290 NEXT J 
300 PRINT 
З Ю NEXT I 
320 END 

Reference: 
[1] Specification for Standard BASIC - Bull, Freeman and Garland 

published by: NCC Publications 1973 . 
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CAHAC-HDNITOR FOR MPS 4944 AND SOK-80 MICROCOMPUTERS 
» . ENGHARDT. ZEMTRALINSTITUT FOR KERMFORSCHUNC ROSSENDORF 

The CAHAC-eoftware deecrlbod I n the preeent a r t i c l e e l a p l l f l e e the devolopaent 
of ueer-progroae for two alcrocoaputer l y i t N i «1th CAMAC-intorfeco. which 
oxtot «t tho Section of Phyelce of tho Oreeden Technical Uh lvere l ty . 

The f l r a t • icrocoaputer l a a k i t eyetew (SDK-80). which baaea on the 8O80-CPU, 
with l .75k byte RAM and 4k byte ROM (PROM). The CAMAC-interface l a a epeclol 
branch d r i v e r 1 ) for eaxlaua three cratea Including a crate con t ro l l e r A i . The 
oecond alcrocoaptiter l a the aadular ayatea HPS 4944 f roa the Central I n e t l t u t e 
for Nuclear Reeearch Roeeendorf. alao with о вОвО-CPU. which aaaory-alze depanda 
on the ayataa conf igura t ion . Tho inter face between alcrocooputer and one crate 
cont ro l le r 3312 Ref. 2 ) l a a handahake ayatea according t o tho 6 .0 .R . atanderd 
In te r face S I 1 . 2 . The ueer coawwnlcatee with the aicrocoaputera by ualng a 
te le type for SDK-80 and a typewri ter or an alphanuwertcal dlepley for MPS 4944. 
Each Blcrocoaputer l a ewpported by a ayata« aanltar of about I k byte length 3 . 4 ) . 

The CAMACeonltor had t o f u l f i l the following deaandat 

- Development o f eeeeabler prograaa for CAMAC eppl icet lone ehould be the oeoe 
for both alcrocoaputere, that eeene, • prograa teated on one ayatea ehould. 
without chengee, alao work on the other one. 

- Subroutlnee of eyetea-eonitore ehould, aa fa r aa poeelble, be uaad by the 
CAMAC-oonltoro. 

The length of the CAMAC eonltor l a Ik byte for SDK-80, and 1.25k byte for 
MPS 4944. 
Functlone of tho CAMAC-aonltor: 

1 . Input of CAMAC-lnetructlone in t h e i r conputatlon eequence i n e d ia log ic node 
and arranging thee i n a aaaory tab le control led by a po in ter . The aaaa l a 
done for the eourc*e of lnterrupta (LAM). Addi t iona l ly the uaar haa to 
provide tablee (a lao control led by pointera) for reading and wr i t in g data* 

2 . X n l t a l l z a t i o n of the CAMAC crate and the in ter face u n i t . 

3 . Execution of CAMAC' lnet met lone by a aubroutino, which detaralnee the atatua 
o f the in te r face u n i t , orgenlzee data t r e n a f e r , and tea ta the algnala Q, x , 
and apaclal hondeheklng algnala« The execution t l a e of one CAMAC- lnet ruct ion 
l a 200 *ue . . . 350.ua for 8DK-60. »nd 540 /ue . . . 6vO.ua for MPS 4944. 

4 . LAN-handling * 
The CAM-pettern l a divided I n eight b i t e for Expreee-LAM ( b i t 24 . . . b i t 1 7 ) , 
i . e . , each b i t l a blenlowely connected with on« LAM-eewree. The b l t a 1 6 . . . 1 
o f the LAM.pattern are dedicated to orod LAM. I n t h l a eaee any nuaber of 
LAH-eeurcea ean be ored on each b i t , and tho prograa i d e n t l f l e e the i n t e r 
rupt aeuree by welng the F ( e ) - l n a t r u c t i o n . 
The alnlaua t l a a between the a r r i v a l of tho LAM froa the CAMAC..crate and the 
execution of the f l r e t lnet ruct ion of the in tarmpt -aubrout lne aaounta to 
44/UO fa r aVK-tO, and 345/UO for HP» 4944. 

5* Error hnndllngi 
The evente XeO or a laalng the excepted handahake elgnale a f t e r exaoutlon of 
tha CAMAC-dataway oyela tn followed by an error aeeaage, inelodlng the typo 

http://350.ua
http://6vO.ua
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of e r r o r , the Incorrect CAMAC-inet met ion , and i t « eddreee i n the instruc

t ion t a b l e . Af ter that the computer « a l t a for new ueer-coaeende. 

Tha following exeaple l l l u s t r a t e a the uaago of the CAHAC-aonitor: 
Ne atauaa, that a counter la located at the atet Ion N(3) of the c r a t e . The 
prograa haa to aolve the following taeke: eat counter etatua word, e ter t 
counting, atop counting a f t e r a cer ta in t i a e , and t ranefer the content of the 
register into the weaory of the aicrocoaputer. 

1 . Preparing tha ayetee by dialogue with the coaputer. Note: The underlined 
character« are to be wr i t ten by the ueer. 

CO 500 
INAOCi 1100 

ADOR: 1100, N: 03., A: JJ^, F: £ 7 . Q: i t X: T, NL 

AODR: 1102, N: 03., A: 00 , F i 2§ , Q: i # X: T, NL 

ADOR: 1104, N: 03., A: 00 , F: 24, Q: z . X: T, NL 

ADOR: 1106. N: 03., A: 00 , F: 0 2 , Q: ; , X: T , NL. 

• 
The f l r a t Una l e the coaaand, which a ta r ta the progгае, in the eecond l i n e 
the coaputer deaende the f l r e t addreea of tha ins t ruct ion t a b l e , i n order 
to aet the po in te r . In tha following l inea f l r e t l y tha current content of 
the pointer l a p r in ted , then the user has to w r i t e the С ( f o r S0K-80 o n l y ) , 
N, A, and F of a CAMAC-inetruction. By the characters *T" and " -" respec
t i v e l y the uaer can Invoke the prograa to teat or not to teat the signals Q 
and X. The input of the instruct ion l i s t i s te ra lnatad by wr i t ing a space. 

2 . The execution of described CAMAC-inetructions is perforaed by the following 
sequence of aeaeabler ins t ruct ions: 

INAD : DW ; СAMAC-lnstruction t a b l e . 

XNAR : DW ; (NAF - 3 , 1 1 , 1 7 ) , set counter s ta tus . 
DW ; (NAF > 3 , 0 , 2 6 ) , s tar t counting. 
DW ; (NAF • 3 , 0 , 2 4 ) , stop counting. 
OW ; (NAF - 3 , 0 , 2 ) , read and c lear reg le te r . 

, ; further Inst ructions* 

RDAT i 0» j tab le for data to be read. 

ROAR t OW ; 24 bit data to be 
OB i reed f r o e tha counter . 

MAT i ON t table for data to be written. 

ПАЯ i ow i 24 bit counter 
Dl ; atatua word. 
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BEGPtt CALL IN I ; l a l t l e l l xo erat« eed interface uni t . 

LXX N.IIMft 
SKLO XNADC 
LXZ M.NDMt 
SHLD ШАНС 
LXI H.MMJt 
SHLO HMOC 
CALL IMF 
CALL IMF 
CALL «АХГ 
CALL IMF 
CALL IMF 

t loa« p a l m a r ZMAOC 
; oath adareee ИМЯ. 
i lead pointer PJMDC 
; n i t » eddreee МАК. 
: lead pa lmar «MDC 
t wi th addraaa Ю А * . 
; execute (IMF • 5 . l i 
; execute (IMF - 3 , 0 , 

. 17) 
26) 

j «« t t for a c a r t e l « t i e * . 
; axacuta (NAF > 3 . 0 . 
; execute (NAF - 3 . 0 , 

24) 
2 ) . 

The described CAHAC oonltor wee uaed to per fore en optimization of the bees 
currant of a 150 keV particle ecceleretor, to realize e alcrocoaputer controll
ed aultlchennel-enalyzer for (n,n'T)-excerlaente, end to eupport the develop
ment of neu CAIMC-aodulee 5 ) . 

Reference* 

1) GLEISBERS, F. , Diplomarbeit, TU Dresden, Sektion Physik, 197B 
2) PCTHXG, 0., Dlploaerbelt, Tu Dreeden, Sektion Phyelk. 1979 
3) INTEL 8060 Syetee Design User's Guide. 1976 
4 ) NERNER, 0 . , Dlalog-Steuerprograaa HXK>, TU Preprint 08-08-78 
5) ENQtMROT, Ш., Olploearbelt, TU Dreeden, Sektion Physik, 1979 
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RECENT RESULTS ON 14 MeV ACTIVATION CROSS SECTION MEASUREMENTS 
FOR SHORT HALF-LIFE REACTION PRODUCTS 

P.N.Ngoc, F.Deak, S.Gueth and A.Kiss 
i-epartment of Atomic Physics 
Roland Eötvös University-

Budapest, Hungary 
H-1088.Budapest, Puskin a. 5-7. 

Abstract 
2fl 2fl 

Activation cross sections for the reactions Si/n,p/ Al /Tj*2=2.31 m/, 
29Si/n,p/29Al /TI/2=6.6 m/, 37Cl/n,p/37S /T1/2=5.06 m/, 37Cl/n,«*/34P /TJ/2=12.4 
a/, 23Na/n,«/2GF /TI/2«1T.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 V -rays were detected in a low back
ground measuring place by Ge/Li/ detector. The measured cross sections are: 
234 - 15; Ю 4 - 8; 34 - 3; 26.3 t 1.9; 111* 9; 72.4 t 5.2 mb respectively. The 
results will be compared with other published data. 

I. Introduction 

There is a large number of 14 MeV neutron cross-section data, which were 
mostly measured by the activation method. However, large discrepancies can be 
found emojg the results published by different authors. This is especially true 
for reactions with second or minute-range half-life products ' 

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 
method ' using fast sample transport system end Ge/Li/ f -ray detector in a low 
background measuring place. 

2. Experimental procedure and calculation 
of the cross section 

The block diagram of the experimental set-up is shown in fig. 1. 
The fast neutrons were produced by the usual 3H/d,n/4He reaction by a ne

utron generator of NA-2 type . 
The samples were powders in cylindrical Polyethylen boxes It • 2 cm/, that 

irere placed in 0°, 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 i 0.2 MeV. 

The samples were transported by a pneumatic rabbit system to a low back
ground measuring place. The transport system used 3 at pressed air 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 
was better than 0.2 mm '. 

The gamma raye 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 a lead cube of 80 cm side length and 5 cm wall thickness. 



Pig.l. Block diagram of the experimental set-up. 

The signals from the detector were fed through the preamplifier and spec
troscopy amplifier into a CAMAC-type 4096 channel ADC. The data were collected 
by a 16 К computer /type: TPA 1001/1/. 

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 as the input data set of the control program. 
In addition, there was a possibility to repeat the measurement cycle many times 
if the statistic** made it necessary. 

For the stabilization of the spectrum two high precision mercury pulse ge
nerators were used. Pulses 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 spectra, the energy calibration, the determinations 
of the peak positions, background, peak areas and half-lives can be done semi-
automatically by the computer. 

Рог monitor reactions we used 27Al/n,«/24Na, T1/2«15 h, ff «114.2 i 1.3 mb1^ 
and 27Al/n,p/27Mg, T1/2«9.48 m, 6" «73 - 5 mb 2 1 / 

In all cases the monitor powder was carefully mixed with the powder of ma
teriel under investigation. 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 foraula: 

g гАСС-ЭТ-<)' И*«) ff« h "'«'*** л 

where С is the total counting number obtained in к cycles; T is the duration of 
each cycle; t.t tc, t are the intervals.for irradiation, cooling and measuring 
respectively in each cycle; t is the relative efficiency of the detector for the 
measured peak; f is the self-absorption correction factor for the studied gamma 

s 
ray; Iy. is the intensity /or branching ratio/ of the gamma ray; n is the number 
of nuclei of the investigated isotope in the sample; X is the total internal 
conversion coefficient for the studied transition; Л 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 calculated 
according to the formula given by Ref.20. Рог 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 /^1/2/» *^e 
gamma energy /Ey /, the branching ratio /ly /, the obtöirieJ cross-section are 
presented together with results of other authors. The data for T-^t E" » *Y » 
were taken from Ref.2. 

The errors quoted 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 /vl %/, the error of 
weighing, timing, homogenious mixing h^-%1 and the errors of the used monitor 
cross-sections. 

Comparing our values with the results of other works we can see the 
following. 

For the Si/n,p/ Al reaction there are discrepancies among the results 
quoted in Table I. The two measurements with the smallest errors were performed 
by the/J.JT/coincidence method. The present result is somewhat smaller. For 
"si/n,p/ Al we support the value obtained by Siobolev and Ramendik '. 

For ^'Cl/n,p/J'S our result is about the average value of the other refe
rences. 

In the case of Cl/n,e*/^*P^ large discrepancy can be found among the quo-
91 20 ted values. Our result is smaller then all these references. For "Tla/n,*/ F 

all references before 1970 gave the values larger than 130 mb. Only the work 
done by Janczysiynand Görsky /1973/ gave the value smaller than 80 mb, but with 
large error. The present work gives the value of 109 mb with the smallest error. 
For 34S/n,p/34P, the value of 0.15 for Iy which was taken from Ref.17 was used 
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Table 1. 
The measured cross-sections of the investigated nuclear 

reactions comparing with other data 

Targel 

Si0 2 

i 

s i o 2 

ClKa 

CINa 

31Na 

S 

Reaction 

2 8 S i / n , p / 2 8 A ] 

2 9 S i / n , p / 2 9 A ] 

3 7 C l / n , p / 3 7 S 

3 7 С1/п,« / 3 4 Р 

2 3 Na/n ,« / 2 0 F 

3 4 S/n ,p / 3 4 P 

T l / 2 

2 .31 ш 

6.6 ш 

5.06 ш 

12.4 8 

LI.41 8 

12.4 a 

Er 
/keV/ 

1778.8 

1273 

3102.4 

2126 

1633.1 

2128 

lt 

1.00 

0.91 

0.90 

0.25 

1.00 

0.25 

Cross-section 
This 
wnrk 
/ a h / 

234*i5 

104±8 

34±3 

& 3\.i 

l l l i -9 

Г2.4±52 

Literature 

En/MeV/ 

L4.8±0.1 
14.7 
14.7*0.1 
U . e i o . i 

14.8 
L4.8±0.1 
14.8±0.1 

14.8 
14.8 
14.8 

14.8 
14.5*0.2 

14-15 

14.1 
14.89 
14 

14.8 
14.9 
14 

(Г /mb/j Method 

265*8 
222*12 
297*14 
269*6.3 

147*18 
131*14 
98.5*23 

21.3*2.1 
25-5*1.2 

42*4 

28*10 
112*12 

36*10 

136*14 
164*22 

78*30 

32*8 
73*7 
72*7 

iMTcoinc 
% count 
a. count 

t-«fcoinc 

Ĵ T count 
MTcoinc 
l-rcoinc 

pT count 
P count 

ft,1 count 

P count 
У counl 

average 

Г counl 
У counl 
T counl 

£ rcount 
average 
average 

Bef. 

8 /73 / 
3/67/ 
4 /68/ 
6/77/ 

7 /71 / 
8 /73 / 
6/77/ 

9/66/ 
3/67/ 
7 /71 / 

10/66/ 
15/67/ 
11/73/ 

12/66/ 
13/65/ 
16/73/ 

7 / 7 1 / 
5/74/ 
4 /71 / 

by other authors. In this work If was taken to be 0.25 /Ref.2/ which resulted 

in the value of 72.4 mb for the cross-section of the reaction. Therefore in this 

case the average value presented by Pai and Clark /Ref,14/is supported by us. 
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лиштаэди аиддмшпш оо 
ВВГТРННЙ шагав Hi ншишшв 

Б.Б.Вожц&ховсжи!, Б.А.1а»арежко, Д.Н.№колешво,С.Г.Оооов 
Институт ядерно! 4 в ш 00 АН СССР, Всоюсибжрсж 

Описана автоматизация зкслермиента на накопителе ВЭПП-2 Ш В СО АН СССР 
на основе ЭВМ ОДРА-1325 н микро-ЭВМ "Злвктровжка-60", включающая auiiaparjpj 
обора информации с индукционно-дреифовнх камер мвгннтного спектрометра ж сис
тему контроля параметров детекторов ядерных частиц. 

I. В И » СО АН СССР в течение последних лет проводятся эксперименты на 
алектрон-по8ИТронном накопителе ВЭПП-2 с использованием сверхтонко! ьнутрен-
не! ииненн. Подобные эксперименты имеют ряд преимуществ по сравнению с не -
пользованием внешне! мииени: равномерность возникновения событий, возможность 
вегхоттаиии мвлоэнергетичннх вторичных частиц, поляризации электронного пуч
ка и мишени, высокая направленность и монохроматичность пучка в накопителе. 
Для постановки экспериментов требуется разработка многоканально! аппаратуры 
на основе многопроволочных камер и других подобных приборов. Основные резуль
таты в настоящее время получены в эксперименте по электровозбужденню ядер, 
общая структура управления к автоматизации которого показана на рис.1. 

Система включает центральную ЭВМ ОДРА-1325, аппаратуру связиД^, ежо-
тему контроля характеристик детекторов ядерных частиц СКАТ, электронику об
работки сигналов с полупроводников, детекторов (ПЦД) электронику яздукшонно-
-дрейфовнх камер магнитных спектрометров (MC), амплитудно-цифровой преобра
зователь для контроля режимов накопителя, спектрометров с точностью КГ fzj. 

П. При изучении уровней ядер в реакции /е,е/ энергия рассеянных элек
тронов определяется по радиусу их траектории в однородном магнитном поле [2>], 
для определения которого на пути частиц помещены двухкоординатные индукцион-
но-дрейфовые камеры (ИДК) и пара сцинтилляционннх счетчиков (Рис.2). Логика 
работы спектрометра (»едущая: сигналы с #ЗУ, возникающие после пролета 
электрона через счетчики, проходят через дискриминаторы с плавающим порогом 
(ДНЮ и поступают на схему совпадеяий CC-I, которая вырабатывает импульс 
"старт" для время цифровых преобразователей (ВЦП) и блока управления (Б7). 
Б7 запирает CC-I и открывает схему совпадений СС-2 и регистр РМ. Сигналы 
с анодных проволочек ИДК, сформированные в блоке П-Л, подаются в СС-2 я РМ. 
При наличии срабатывания всех трех камер СС-2 дает сигнал в БУ, который 
формирует запрос U (с задержкой на время работы ВЦП). В противном случае 
Б7 вырабатывает импульс сброса на шину Pj или С, Сигналы, снимаемые с линий 
задержек (катодных плоскостей) ИДК после усиления и формирования в Д Ш пос
тупают на входы "стоп" ВЦП. 

По запросу L от В7 контроллер производит опрос аппаратуры ж запись 
данных в буферную память. После заполнения памяти информация массивом пере-
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дается в ц и т р а т у » ЭШ для дан т иям! обработки я 
сясгаш 2 кпи ЦДК позволяя? определять место нроаета 
кость камера с точностью 0,* ям. Для «того необходима 
яяяя расцространеяяя с к п а к в но ляяяш заиерккя лучве 0,5 
бяльность ВЩ существенно хуже, а также из-за необходимости 
неякя задержек оря смене блоков, кабелей ж т.п. введена mi i — т и л я х про
верка трактов с помощью генераторов, утхравжяаяшс от ЭНи. Дригцаямп ояределяет 
поправочные коэффициенты во результат» проверки. 

Ш. В ряже экспериментов Еозкшсла необходимость в постоянном контроле 
за амплитудами сжгнахов, посттггщжмя с систем регистрация, за времевхавяс 
сдвЕгаия между сигналами. Поскольку число этих сжгяалов довольно валко я 
внесение глнтролжруюжен схемы в каждый канал нецелесообразнс, разработай 
СКАТ. В основе схемы СЖАТ - ркс.З - логические » ааалсговве ксмиутаторн в 
стандарте КАНАК, которые позволяют подключить к ВЦц ж А1Щ необходимей 
Система программ обеспечивает набор спектров ж сравнение с крятическжян 
раметракя указанными операторе* при закуске сжетеми, залась спектров на 
нжтныв диск. Зосможно построение лвбогс кэ спектров на экране дисплея или 
отпечатать н ч PZ/f^-I80. Систему можно использовать по одному кэ танажев 
ддч тастроякн детекторов в качестве многоканального (до I3K) анаязатох^. 
Б даль1 -?из?к для увелкченхя скорости набора информация в эксперименте р< 
г«- трацке* BTopinooix частиц (ПГ£) па соваадгнных с электроном рассеянннк э 

п.;"-*Т;ОУГТ.. (iE) креётк ППД 7 3ÄC cyaji подк-агег̂ ы к кхкро-ЭВИ "Злектронж-
г.а.--Юр -60) . Нонке зк .̂пернментн 1Д} таххе '«ЗЭЕ; •*»:•"?:«» HS 3-5G. 
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Рис.1 C w 1 .^руктура управления экспериментами. 


