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LEGAL NOTICE : 

The information contained in this progress report has 

a preliminary character. 

No data contained in this report may be used without the 

permission of the responsible authorities. 

It is suggested that experimentators should be contacted 

in this respect. 
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KERNFORSCHUNGSZENTRUM KARD3RUHE (GERMANY) 

INSTITUT' PUR ANGEWANDTE KERNPHYSIK 

1. J> MeV Van de- Graaf f 

1.1 High Resolution Resonance Spectroscopy 

G. Rohr, K.-N. MUller, M. A. Kazerouni 

Measurements of total neutron cross sections were continued with 
45 
Sc in the energy range from 20 to 300 keV using an improved energy 

resolution of < 0.2 n sec/m with a flight path of 22 m. In Fig. 1 part 

of. the experimental cross section is shown. 

57 5"5 Analysis of data .on Pe and Cr is not yet completely finished. 
57 In the case of Fe inelastic scattering above 14.4 keV is possible 

for compound resonances with spin 1 and one has to use two channel 

multilevel formula to find the resonance parameters. The existence 

of the (n, n'y) reaction was proved by detecting the 14.4 keV y-energy 

with a Nal(Tl)-detector. Inelastic scattering is a possible method 

not yet used for the population of the Mb'Bbauer level. 

Starting from a set of single particle levels within the shell model 

level densities in the region of neutron binding energies were calculated 

for nuclei between A # 40 and A c 70. To improve the model pair correla

tions were taken into account. Similar to an approximation of Block and 

Peshbach a relation was assumed between the strength function and the 

density of doorway-states evaluated in our model. Fig. 2 shows a compari

son between experimental and preliminary theoretical results. 

1.2 Radiative Capture Cross Sections 

D. Kompe, A. Ernst 

In 1968 the computer program for the extraction of strength functions 

from average capture cross section data were extended so that now open 

inelastic exit channels can be treated adequately. With the modified 

code we obtain p- and d-wave strength functions which differ in some 

cases, especially for the d-wave, from our preliminary results where 
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inelastic scattering had been neglected f\J. The revised values 

are given in Table 1 fèj. 

The linearity and count rate independence of the electronic equipment 

associated with the 800 1 liquid scintillation detector were improved. 

Capture cross sections measurements on a number of- seperated isotopes 

are being prepared. 

Table 1 

Element 

Nb 

• Ag 

Cs 

Hf 

Ta 

W 

Re 

Au 

4 * S • 10 o 

0.4 

0.45 

0.7 

2.5 

2.1 

2.1 

2.4 

1 .6 

4 
S • 10 

11 - 5-2 

7,5 ± 1-3 

5-9 -, 1.0 

0.15 - 0.06 

• 0.1 - 0.04 

0.52 - 0.09 

0.1 

0.19 - 0.04 

4 
s'2 • 10 , 

0.4 t 0.3 

5.1 - 1.5 

2.4 t 1.5 

2.1 Í 0.7 

2.2 Í 0.5 

0.7 - 0.15 

6.5 - 1.0 

1.4 t 0.4 

* values from ¡3] 

¿U EANDC Progress Report (E) 89 "U" (1968) 

/£/ D. Kompe, Nucl. Phys., to be published 

/J7 K.K. Seth, Nuclear Data A 2/3 (1966) 
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High-Precision Measurements of Pu and U Fission Cross 

235 
Sections Relative to U Between 5 keV and 1 MeV 

E. Pfletschinger and F. Rappeler 

23Q 233 
Relative fission cross sections of Pu ' and U " • were measured, 

with the reference nuclide, in the neutron energy range 
7 between 5 keV and 1 MeV. Neutrons were produced via the Li (p, n) 

reaction. Below 30 keV the timè-of-flight method was used, above 

30 keV we worked with monoenergetic neutrons. In order to increase 

the precision all corrections were reduced as far as possible. 

Background was minimized by simultaneous registration of both fission 

fragment:.-' i r ;.e '".wo halves of a gas scintillation detector. Two 

sucn scintillation detectors were used in each run in symmetrical 

positions with respect to the beam, one containing the sample, the 

other containing the reference foil (u ). With this technique 
v 

practically all fission events occuring are detected with very small 

background. The corrections which had to be applied to the raw data 

were smaller than 2 % and the ratio values are believed to be accu

rate to 2,5 $ or better. Our data shown in Figs. 5 and 4 are prelimi

nary in the sense that we do not know yet the exact sample thick

nesses. This means that only the curve shapes are final, but not the 

absolute values. (The error bars shown do not include the foil thick

ness uncertainties), The shapes are seen to agree quite well with 

Davey's recommended values / 1_7. The thickness of the foils is 

being determined"accurately at OBNM (Oeel). 

239 
Pu - a. - Measurement 
H. MeiBner, R. E. Bandl 

Detectors have been prepared for a measurement of OL, the capture 
239 

to fission ratio, for Pu ' in the energy range 7 - 60 keV. Here 

a will be determined by a measurement of the transmission of a 

metallic Pu sample, the flux of neutrons scattered in the sample 

and the number of fission neutrons. The measurement will begin, in 

in the near future. 

£\J W. G. Davey, Nucl. Sc. and Eng. 32 (1963) 55 
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Operation of the Machine 

H. Miefiner 

The pulsed 3 MeV Van-de-Graaff Generator could be operated without 

any serious breakdowns during the last year and only routine repairs 

were necessary. The total weekly operations time of the machine was 

about 120 hours, 80 % of this time was effectively used as measuring 

time. 

Some improvements of the ion source system led to a reduction of the 
-3 amplitude of satellite pulses from /v ̂  x 10 (relative to that of 

-4 
the main pulse) to less than 10 . Furthermore the beam current of the 

.machine could be increased by 30 - 50 % for measuring periods of several 

days. 

Neutron Capture Gamma Ray Spectroscopy 

W. Michaelis, U. Fanger, G. Markus, H. Ottmar, H. Schmidt, F. Weller 

At the Karlsruhe research reactorFR2 the excited states of several 

nuclei in the mass regions 50< A< 100 and 150<A < 190 have been investi

gated using radiateve capture of thermal neutrons. The nuclei studied 
„ 58 x„62 „ 68 ._ 88 M 98 - 165 „ 167 „l68 . ̂ 169 „, . are Fe , Ni , Zn , Sr , Mo , Dy , Er , Er and Yb . High 

resolution measurements of the gamma-ray spectra have been performed 

utilizing a Ge(Li) anti^Compton spectrometer ¿\J in the low-energy 

region ( < 3 MeV) and a Ge(Li) pair spectrometer ¿2? for the high-energy 

transitions ( "> 2.5 MeV). Up to 400 gamma lines per sample, have been 

detected in the spectra. The high accuracy of the data ¿^/ allows the 

application of Ritz's combination principle to excitation energies ap 

to 5 MeV in the case of spherical even nuclei and up to 1.5 MeV for 

deformed odd nuclei. Cascade relationships have been found by two-

parameter measurements using both a 34 cm Ge(Li)- 3 " x 3" Nal(Tl) 

coincidence apparatus /k/ and a system with two 4" x 5" Nal(Tl) detectors. 

Level spins and multipole mixing ratios have been determined by means of 

an angular correlation spectrometer / y consisting of two 4" x 5" Nal(Tl) 

crystals. In both the coincidence and the angular correlation experiments 

extensive use is made of the capabilities of an on-line computer. Por 
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instance, more than 30 gamma-gamma angular correlations can now be 

measured simultaneously. 

Por a detailed discussion of the results on Pe and Yb see refs. ¿p •» 8/. 
6? . 167 168 

An extensive analysis of the data on Ni. , Er and Er will be 

published in the near future ¿Q, ]07. Tn summary, the results on spherical 

nuclei show that the excitation spectrum is described with only little 

success in the framework of vibrational models whereas shell model calcu

lations which take into account .residual interactions give quite good 

agreement ¿6, Sj. A comparison of the data on deformed odd nuclei with own 

theoretical calculations shows that the experimental results can be well 

interpreted within a model which takes into account pair correlations, 

quasiparticle-phonon interaction, rotation-vibration interaction and 

Coriolis coupling /$, 107. The calculations performed predict the energy 

and structure of individual levels, the ratios of intensities for gamma-

ray transitions, absolute level half-lives and multipolarity admixtures. 

[\] W. Michaelis and H. Kiipfer, Nuclear Tnstr. and Meth. 56 (1967) l8l 

f?J G. Markus, W. Michaelis, H. Schmidt and C. Weitkamp 

Z. Physik 206 (1967) 84 

/y? P. Horsch, 0. Meyer and W. Michaelis, Proc. Int. Symp. on Nuclear 

Electronics, Paris, September 1968; KFK 778 (1968) 

¿KJ U. Panger, KPK 887 (1968) 

/|7 H. Schmidt, KPK 877 (1968) 

/§7 U. Panger, W. Michaelis, H. Schmidt and H. Ottmar 

Nuclear Physics (in press) 

fjj H. Schmidt, Nuclear Physics (in press) 

/8J7 W. Michaelis, F. Weller, H. Schmidt, G. Markus and U. Panger, 

Nuclear Physics A 119 (1968) 609 

/§7 U. Panger, R. Gaeta, W. Michaelis, H. Ottmar. and H.- S chmidt 

Nuclear Physics, to be published 

/Î07 W. Michaelis, P. Weller, R. Gaeta, H. Schmidt, G. Markus and Ü. Panger, 

Nuclear Physics, to be published 



Slow Neutron Inelastic Scattering 

.1 Scattering Law Measurements 

W. Glaser, K. B. Renker, W. Schott 

A full account of scattering law data for reactor moderator materials 

measured and evaluated at Karlsruhe has been p;iven recently f\J, also 

a detailed report on graphite scattering law data was published /2/. 

Measurements on solid H O were completed. The derived generalized 

frequency distribution showed reasonable agreement with calculations 

for a simple dynamical model for ice /57« 

Experiments dedicated towards an understanding of the molecular dynamics 

of solid hydrogen were completed /hj'. A generalized frequency distribu

tion was derived from the scattering law data. 

.2 Chemical Binding Effects on the Line Shape of the 6.68 eV Resonanz in 

E. Albold 

238 
The line shape measurements of the 6.68 eV resonance in U as a 

function of temperature using a high resolution crystal spectrometer 

and the analysis of data using the scattering law formalism have been 

completed. The results indicate that Lamb's condition of weak binding 

is not satisfied in this case. Therefore it is not possible to 

calculate the line .width and it's temperature dependence using simple 

models and a fixed Debye temperature. 

.3 Phonon Dispersions in Metals 

W. Drexel, W. GlSser, R. Orlich 

Phonon dispersion measurements in platinum at room temperature have 

been completed ¿^J. The study of phonon dispersion in silver has been 

started. ¿5/ 

A New Techniques 

F. Qompf, W. Drexel 

A new technique for time-of-flight experiments in slow neutron elastic 

and inelastic scattering work has been developed and successfully tested 

in the reported period. This technique replaces the conventional beam 

pulsing by pseudostatistleal pulsing and the cross correlation technique 
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for analysis. 

A time utilization of the continuous beam of 50 % is realized in this 

way £{}. Por increasing the reactor neutron intensity in the 0.2 -> O.J> eV 

range a "hot neutron source" has been constructed and tested /8/. 

Literature 

[\J W. Glaser, Nukleonik U_ (1968) 282 , 

/|7 F. Carvalho, Nucl. Sci. Engng. 34 (1968) 224 

/27 K. B. Renker and P. v. Blanckenhagen, "intern. Symp. on 

Physics of Ice", Miinchen 1968 

/\J W. Schott et al., Phys. Let. 21 Á (1968) 566 

/|7 R. Orlich and W. Drexel. "Neutron Inelastic Scattering", Vol..I, 

IAEA Vienna 1968, 205 

/jo7 W. Drexel et al., Phys.T.et., in print 

£Q F. Gompf et al., "Neutron Tn^lastic Scattering", Vol . IT, TAF.A 

Vienna 1968, K17 

/§/ 0- Abelnet.al., "Neutron Inelastic. Scattering", Vol. TT, IAEA 

Vienna Ï968, 331 
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Isochronous Cyclotron 

S. Cierjacks, P. Porti, D. Kopsch, L. Kropp, J. Nebe, H. Unseld 

1 Development of the Time-of-Flight Spectrometer 

During the period covered by this report the new flight path with 

a total length of 190 m was completed. First test runs have been perfor

med with the system. For the long flight path a neutron detector with 

25 cm dia. and 1 cm thickness is now available. 

For applications in resonance spectroscopy of seperated isotopes a new 

collimator system has been designed capable to study total neutron cross 

sections for small sample applications (3 cm sample area at minimum). 

The development of the new outer deflector plates for use as stripe-lines 

has been finished. The result is a system with 100 Si impedance and a 

reflection coefficient of smaller than 2 %. First runs with 200 kc'repe

tition rates are expected to be done early in 1969. 

/!7 S. Cierjacks, B. Daelli, P. Forti, D. Kopsch, L. Kropp, M. Lb'sel, 
J. Nebe, M. Schweikert, H. Unseld 

Rev. Sci. Instr. J59 (1968) 1279 - 89 

¿2? S. Cierjacks, B. Duelli, P. Forti, D. Kopsch, L. Kropp, M. Losel, 
J. Nebe, M. Schweikert, H. Unseld. 

KFK-Report 959 (1968) 

2 Total Cross Section Measurements 

Total neutron cross sections of F, Si, CI, K, V , Cr, Co, Ni and Mn 

were measured from about 0,5 to JO MeV with 1 nsec channel width. 

The'energy resolution has been determined to be about 2 channels at all 

energies. The statistical uncertainties in,most of the data points are 

6. 2 %. Absolute uncertainties are less than J %. The data had been 

compared with selected published data from various laboratories and 

are, in general, in good agreement with the previous measurements. In 

several energy regions our data exhibit more structures than was observed 

in the earlier studies. 
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¿1/ S. Cierjacks, P. Forti, D. Kopsch, L. Kropp, J. Nebe, H. Unseld 

KFK-Report 1000 

EANDC (E) - "U" 111 

EUR 3963 e 

¡2j S. Cierjacks, P. Porti, D. Kopsch, L. Kropp, J. Nebe, H. Unseld 

KPK-Report 1000 

EANDC (E) - "U" 111 

EUR 3963 e 

I. Supplement, to be published 

/37 S. Cierjacks, P. Fortl, D. Kopsch, L. Kropp, J. Nebe, H. Unseld 

KPK-Report 1000 

EANDC (E)-"U" 111 

EUR 3965 e 

II. Supplement to be published 

4.3 Partial Cross Sections Measurements"; 

In the energy range 5 MeV •f- E f 30 MeV the charged particles 
n Q 

emitted from fast neutron interactions with Be nuclei have been 

measured with semiconductor counter telescopes. The evaluation 

of energy and angular distributions of the charged particles p, d, t, 

and (X is underway. 

The experimental set-up for the (n, n'y) reaction measurements has 

been completed. First measurements of these reactions on light 

nuclei with Ge(Li) detectors will toe done with the time-of-flight 

spectrometer in spring 1969. 

4.4 Subthreshold Fission Cross Sections; of U2^8 

S. Cierjacks, P. Forti, F. KMppeler> D. Kopsch, L. Kropp, J. Nebe 
E. Pfletschinger 

Preliminary measurements of the fission cross section of 

were performed in the energy range from f 0.5 - 30 MeV with 
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argon gas scintillation detectors.. The result of subthreshold fission 

below A/ 1.0 MeV is of special interest with respect to the théorie of 

fission processes. The first results were obtained with poor statistical 

accuracy and are not yet conclusive as to a periodical appearance of 

clusters of resonances as was found in the subthreshold fission cross 
240 2"37 J2~*A 

s e c t i o n s of Pu , Np and u . 

For the fission cross sections of 0 2 3 8 in the energy range from 0.5 - ^0 MeV 

the well known n-p scattering data will be used as a standard. 

New measurements with 0.01 ns/m resolution, higher neutron intensity, and 

more fission detectors were prepared, which allow to observe also narrow 

resonances. 

Resonance Spectroscopy and Fluctuation Analysis 

The extremely complicated structure of the total cross sections in the 

fast neutron energy region for intermediate and heavy weight nuclei can 

be assumed mainly to be caused by isolated compound nuclear levels, 

Ericson fluctuations, fluctuations in spacings and widths of the compound 

nuclear levels and possibly intermediate structure in the sense of Block 

and Feshbach. 

A microscopic résonance analysis for s-, p- and d-waves has been performed 

with the least squares method for the calcium data in the .5-1 MeV region. 

The underlying theory is based on the multilevel R-matrix formalism. 

To investigate the broad structure as well as the fine structure in 

the region of overlapping levels a statistical analysis was performed 

for Al, Na, Ca, Fe and S. For the intermediate structure occuring mainly 

below 4 MeV incident neutron energy widths of about 200 keV were deduced. 

Further investigations of the fluctuations in the total and partial cross 

section data are in progress. 

. [\J S. Cierjacks, P. Forti, D. Kopsch, L. Kropp,,J. Nebe 

Proc. of a Conference on Neutron Cross Sections and Technology, 

Washington D.C., March 68, NBS Spec. Publ. 299, P 7^3 

¿2/ S. Cierjacks, P. Forti, D. Kopsch, L. Kropp, J. Nebe 

KFK-Report 840 (1968) 
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New Developments In Instrumentation 

1 On-Line Computers 

0. Ehret and H. Hanak 

The operation of MIDAS (Multiple Input Data Acquisition System) as 

an on-line real-time multichannel analyzer with a total capacity of 

about 262.000 channels has been proven very useful during routine 

operation round the clock in the reported period. An efficiency of 

more than 97 % was achieved. The main effort in programming was in 

optimizing the system routines. The library of the experiment-oriented 

measuring subroutines has been considerably extended. 

Several new programs for the time-of-flight experiments at the 

isochronous oyclotron using the CDC 3100 were designed and tested. 

The maximum input rate could be increased from 8000 to l6000 events per 

sec. Studies aiming at a further increase resulted in a direct-access con

cept allowing programtacontrolled on-line correction of linear drifts 

of time-of-flight spectra at a rate of more than 100000 events per sec. 

The construction of the necessary units is in progress. 

The CAE 510 installed at the 2 MeV van ¡j de Graaff was running in routine 

operation. 

2 Semiconductor Spectrometers 

W. Michaelis, P. Horsch, D. Lange, 0. Meyer, Ü. Tamm 

Deteotor Technology 

The main activities were concentrated on a through study of ion implan

tation techniques /Î - €}'. The thickness of the entrance window of ion-

implanted semiconductor counters was investigated by pulse-height defect 

measurements. The dependence of window thickness D on reverse voltage U. 

may be described by the function U. = F(D)~7 . The influence .of the 

following parameters on the constants P and rj was measuredt 
i 

doping concentration of the base material, energy of the implanted ions, 

total number of implanted ions, annealing temperature and crystal orientation 

/5A 
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For boron-implanted contacts a formula was found that describes the 

experimental results within 20 %. An analytical treatment of detector 

characteristics ¿6/ allows the calculation of the depth concentration 

of electrically active centers starting from the measured dependence, 

of the window thickness on reverse voltage. The influence of the above 

parameters on the depth distribution was studied. By variation of the 

doping concentration of the base material it was possible to determine 

the concentration distribution over several orders of magnitude. 

A large number of silicon detectors has been fabricated by ion implanta

tion. These counters proved to be less sensitive to changes of ambient 

atmosphere and to mechanical touching than surfa.ce barrier detectors. 

In collaboration with the "Centre de Recherches Nucléaires" at Strassburg 

thin-window germanium counters with ion-implanted contacts were fabricated 

using material in which electrically active defect centers had been produced 

by gamma Irradiation, These detectors show a poorer energy resolution than 

Li-drifted diodes. They can, however, be stored at room temperature. 

The response characteristics of Oe(Li) detectors has been studied experimen

tally for counters ranging in size between ^.8 and 28 cm ff, 87. 

2 Electronic Instrumentation and New Spectrometers 

In order to make full use of the resolution capabilities of semiconductor 

counters it is necessary to stabilize digitally gain and zero drift of the 

spectrometer system and to correct the channel-energy relationship for 

nonlinearities. Por these purposes a ultra-hiph precissi.on pulse generator 

has been designed which has an instability of < 10 ppm/ C and a nonlinearity of 
i. 

£ - 10 ppm /J7. Por applications where optimum energy resolution is of utmost 

importance in coincidence experiments a timing unit has been developed which 

is connected between preamplifier and shaping amplifier and which provides 

reasonable time information even for unfavourable bandwidth performance of the 

charge-sensitive preamplifier /ÎQ7. 

The performance of the anti-compton spectrometer ¿11/ has been further im

proved. Accuracies in the energy determination between 50 and 100 eV are 

now achieved in the MeV region /27. Theoretical studies on the new internal 

pair formation spectrometer ¿Y¿J show that the response characteristics of the 

system can be improved by orders of magnitude if a superconducting magnet is 

used for focusing the positfbn-electron pairs on the semiconductor telescope. 
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£ 1/ 0. Meyer, Prühjahrstagung DPG Halbleiterphysik, Metallphysik, 

Tiefe Temperaturen, Thermodynamik; Berlin, Marz 1968 

¿~27 0. Meyer, Semiconductor Counters with Thin Window n and p 

Contacts Produced by Ion-Implantation; IEEE Trans. NS-1J5 (1968) 232 

£~3/ P« Horsch, 0. Meyer and W. Michaelis, 

Proc. Int. Symp. on Nuclear Electronics, Paris, Sept. 1968; 

KFK 778 (1968) 

£tf 0. Meyer, Meeting on Special Techniques and Materials for Semicon

ductor Detectors, Ispra, Oct. 1968 

£^J 0. Meyer, Nucl. Instr. and Meth. (in press^ 

/~6_7 0. Meyer, Nucl. Instr. and Meth. (in press) 

£''£/ W. Michaelis, Nucl. Instr. and Meth. (in press) 

£8? W. Michaelis, KFK 865 0968) 

¿"97 P. Horsch, KPK 558 (1968) 

£\§J W. Miehaelis, Nucl. Instr. and Meth. 6l_ (1968) 109 

¿Ti? W. Michaelis and H. Kiipfer, Nucl. Instr. and Meth. 5§ (1967) l8l 

¿Y¿¡ W. Michaelis and D. Lange, Nucl. Tnstr. and Meth. 58 (1968) 5^9 
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'KERNFORSCKUNGSZENTRUH KARLSRUHE (CERMAHY) 

INSTITUT FUR HEUTROKENPHYSIK UND REAKTORTECKNIK 

Neutron Nuclear Data Evaluation 

B. Hinkelmann, B» Krieg, It Langner, J.J. Schmidt,!. Siep, D. Woll. 

In addition to KFK 120 / part I a new (compared to the first edition, 

KFK 120 / part II in 19^2) much improved and enlarged volume with tables 

of evaluated "best" microscopic cross sections and related nuclear data 

for the most important reactor materials was edited / 1 7 » Being essen

tially a copied print-out of the Karlsruhe evaluated nuclear data file 

KEDAK it simultaneously serves as documentation of the content of KEDAK, 

The first phase of the evaluation of all microscopic cross sections and 

related nuclear data needed in reactor calculations for the higher Pu isotopes 

2Uo 2l+1 2U2 
Pu , Pu and Pu performed by the group of Prof» Yiftah in collab
oration with Karlsruhe as part of a contract between the TECHNION, Haifa, 
and the Gesellschaft für Kernforschung Karlsruhe is finished / 2 7 • 

Before entering these data into the KEDAK file capture cross sections and 
2^0 resonance parameters for Pu were still improved by taking into account 

the recent comprehensive resonance results obtained at Geel, As part of 
2l+o 2̂ 1 2U2 

a new two years contract the present evaluations for Pu , Pu and Pu 

will be still improved particularly regarding fission, capture and inelastic 

scattering cross sections» 

For Cd an existing GGA evaluation has been improved and incorporated into 

KEDAK» 26-group cross section sets (ABN-group structure) have been calculated 

from these data with ABN and Na prototype reactor spectrum weighting, respect

ively» 

In order to enable the transfer of the KEDAK file to the IBM-36O/65 recently 

installed at Karlsruhe and to the Saclay CCDN computer, a card image format 

has been developed for KEDAK /"*3 7 • Very shortly the KEDAK file in this 
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format will be sent to the Saclay CCDN together with the necessary docu

mentation of its present content, ;; 

As one of the main points of the Karlsruhe evaluation work a systematic 

comparison and evaluation of recent discrepant absorption and fission cross 
238 230 

section measurements particularly for U and Pu " has been started, in 

close interaction with integral experimental results obtained at the 

Karlsruhe facilities FT.'FAK and SUAK, First results of these investigations 

together with the feedback on reactor physics calculations were reported at 

the International Winter Keeting of the American Muclear Society at 

Washington, November 1968 /"1+_7 » 

The treatment of inelastic scattering within the reactor physics computer 

programs was improved over the hitherto use'd A3Î1 scattering matrices by 

making use of the evaluated excitation cross section data from KEDAK in the 

region of resolved rest nucleus levels and''of the evaporation model in the 

so-called "continuum" range, 

In the framework of theoretical safeguard investigations the methodically 

still simple derivation of five-group cross section sets for a a., o_ 

and v for a series of Pa, U, Tip, Pu, Am and Cm isotopes was started, 

As one of the main users the Karlsruhe nuclear data evaluation group par- " 

ticipates extensively in the principal considerations and efforts of the 

four international data centres for the creation of an advanced international 

neutron data storage and retrieval system (SCISRS-II) /~5 7 , At several 

occasions reviews were given on the technical principles and the. organiza- . 

tional aspects in the field of neutron nuclear data evaluation /~6,7 7 • 
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III. PHYSIKALISCHES INSTITUT PER UNIVERSITAT GIESSEN TOP 

PHYSIK-DEPARTMENT. TECHNISCHE HOCHSCHULE MÜNCHEN (GERMANYV 

1. Fine structure in fission fragment charge distributions. 

E.Konecny, H.Gunther, H.Rosier, G.Siegert 

1.1 Introduction 

A reliable determination of the charge split in a fission process 

on.the two fragments as a function of fragments mass requires a 

fast separation of the fragments, since the charge changes with 

time within each mass chain due to beta decay. For the determination 

of the nuclear charge, the number of emitted beta fragments was used. 

The main purpose of the measurements reported here was to investigate, 

whether closure of nuclear shells and the pairing effect cause finé 

structures in the charge distributions. 

1.2 Experimental method 

235 
Fission fragments from a thin U foil, which is located near the 

core of a reactor, are separated with their initial kinetic energies 

with respect to mass, energy and ionic charge state by a large mass 

spectrometer which consists of a electrostatic and a magnetic field 

in succession. (1,2). A schematic diagram of the set-up is shown in 

fig 1. In the focal plane of the spectrometer which coincides with 

the exit boundary of the magnet, particles with known energies and 

ionic charge states can be spatially separated according to their 

mass number, as is shown in fig 2. Fission fragments of the mass to 

be investigated are separated by a slit and caught either in a 

photographic nuclear emulsion or in a stopping foil within a 4f-

proportional counter. With both methods the number of emitted beta 

particles per fission fragments is measured. 

The nuclear emulsion is stored for a suffiently long time to allow 

for beta decays and is afterwards processed and scanned for beta-track 

emerging from the end of each individual fragment track. Since each 

B-decay increases the nuclear charge by one elementary charge unit, 
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the primary charge of a fission fragment, Z , can be immediately 

conduded from the number of beta-particles by Z = Z . - n, where 
^ p st ' 

Z , is the stable (within the time which was allowed for beta decays) 

charge number of the mass chain investigated, which is known from the 

nuclear chart. Statistics of the number N(n) of fragments associated 

with n beta-tracks therefore represents the charge distribution of the 

mass chain. The share of conversion electrons, which are registered as 

well in the emulsion and may induce some error in the charge 

distribution, can be approximately estimated to be small. They can be 

discriminated against only roughly by their low energy. Tó avoid this 

problem which is inherent to the emulsion method, another series of 

experiments was performed using the 4îi -proportional counter. In the 

counter the conversions electrons following the preceding beta particle 

within the large coincidence time of 5rasec are scaled just as one 

event. By this method clearly not the whole distribution of charge, 

just its average value can be deduced. 

1.3 Results 

Fig 3"shows the average primary charge of the heavy fragments from our 

measurements as compared to the best fit of corresponding radiochemical 

data as given by Wahl (3). The observed dip at mass number 132 to 

Z = 50 (corresponding to the doubly magic nucleus Sn) is in 

contradiction to radiochemical measurements (4). 

The electromagnetic mass separation used allows to separate fragments 

of specific mass as a function of fragments kinetic energy. On general 

reasons (5,6) it can be expected that fine structure effects are 

increased when particles of heigher than average kinetic energy are 

selected. Fig 4 shows the charge distribution of the mass chain A=138 

as a function of fragment kinetic energy. The increase in the yield 
1 ̂ R 

of the doubly even nucleus c,«Xe with increasing fragment kinetic energy 

can be read from the figure. Neighbouring odd mass chains (A=157»139) 

do not show this effect, as is more explicitly indicated in fig 5» 
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2. Ionic charge states of fission fragments. 

E. Konecny, G. Siegert. 

Fission fragments represent a natural source of fast heavy ions with 

a large range of mass and kinetic energy. Already within the target 

foil they assume an equilibrium charge state which is dependent on the 

fragment mass and nuclear charge, its velocity and the target material. 

The distribution of fission fragment ionic charge states has been in

vestigated with the fission fragment mass spectrometer described in the 

preceding article (1,2). 

Fig. 6 gives the charge distribution of heavy fission fragments leaving 

a thin uranium foil with mass numbers A=132 to A=137» The charge dis

tribution obtained by summing over all heavy and light fragments, re

spectively, is given in fig 7 and. compared to older measurements of 

Lassen (3)» Fig 8 shows the average ionic charge of fragments with 

A = 134 as a function of energy (lower scale) and velocity (upper 

scale). A derailed analysis is given in refs (4,5). . 

In collisions with gas atoms the fission fragment ions change their 

charge state by electron loss and pick-up. The cross section for 

electron pick-up for fission fragments of mass number A = 133« kinetic 

energy E = 78,5 MeV and ionic charge state e = 23 elementary units is 

given in Tab,I for several gases (5). 

Table I 

Cross sections for electron pick-up 

No,0 ' (air) 6.4 • 10~ cm /atom 
—16 2 

He 3.1 • 10~ cm /atom 

CH. 8.5 • 10"l6cm2/molecule 
4 
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3. Multiple scattering of fission fragments 

D.Kerr, G.Siegert, E.Konecny 

In scattering fission fragments the value of the Born parameter 

a = Z.Zp/137-fi is one to two order of magnitude larger than values 

that have been previously involved in such measurements. The 

theories of G.Molière (1) and of Nigam, Sundaresan and Wu (NSW) 

(2) predict different angular distributions for the scattered 

particles. Wo direct comparison with the experimental results 

is possible, because the fission particles are not fully ionized. 

Two approximations were made to account for the additional 

electronic screening. The first and very simple one is, that the 

value of th.e effective charge for scattering must lie between the 

ionic and the nuclear charge of the scattered fission fragments. 

The second approximation was to introduce a screening term in the 

theories of Molière and NSW and carry it through the calculation. 

This physically more significant approximation has the advantage 

that a variation in the screening potential influences the resulting 

width of the distribution much less than a variation in the effective 

charge does in first approximation. The present work shows for both 

approximations applied that Molieres theory still predicts reasonable 

results for values of the scattering parameter as large as 850, while 

. the predictions of the N3W theory and the experimental results 

diverge (3). 
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IV. PHYSIK>DEPARTRKifï, TECMISCHE HOCHSGHüLE MÜNGHEN (GERMAI»; 

1. t^-rays and conversion electrons following neutron capture. 

T.v.Egidy, W.Kaiser and W.Mampe. 

H.R.Koch, H.Baader, D.Breitig, K.Miïhlbauer, A.Wimmer and O.W.ij. Serran,,. 

1.1 1^2Sm(n.e)1^Sm 

35 conversion electron lines have been measured in the Sm(n,e) Sm 

reaction between OkeV and 500keV with the beta spectrometer at the 

FRM reactor (1). -Multipolarities for 33 transitions were deduced 

using gamma intensities measured with the bent crystal spectrometer 
153 

at Argonne. A level scheme of Sm was constructed in cooperation 

with R.K.Smither, E.Bieber (Argonne National Laboratory) and K.Wien 
1 ̂ 3 

(Technische Hochschule Darmstadt) who measured beta decay of Pm 
1 s^ — 

to ^Sm (2). Two rotational bands with K=3/2~ were found: 3/2: 
35-843, 5/2:90.874, 7/2:174,17 and 3/2:127.298, 5/2:182.90, 7/2: 

265.93 .(Energies in keV). The levels at 0.0 (3/2+)t 7.535 (5/2
+), 

53.533 (7/2+) and 112.954 (9/2+?) may be members of a disturbed 

K=3/2+ band. (Pig.1) 
* 

1.2 199Hg(n.e)
200Hg 

199 200 
The conversion electron spectrum of the Hg(n,e) Hg reaction 

showed 98 lines between 100 and 2300 keV (3). 63 Multipolarities 

were determined in combination with bent crystal spectrometer gamma 

data from Risj¿ (4) and Ge(Li) gamma data (5)'. The level scheme of 

Schult et.al. (5) was confirmed especially the 0 character of the 

1029keV level. Branching ratios are discussed and compared with 

theoretical predictions. Spin and parity was determined to some levels 

the first time. It is interesting to note that no E1 transition was 

detected so that all known parities of levels are positive. (Fig.2) 

1«3 1 3 1 Bu(n . f ) 1 3 2 Eu; 1 5 1 Eu(n .e ) 1 3 2 Eu 

The capture gamma ray spectrum has been studied with the Ris^ bent 

crystal spectrometer over the energy range of 20 to 1000keV. 2600 
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gamma lines were found. About 500 conversion lines have been 

observed with the beta spectrometer at the FRM reactor between 0 
152 

and 350keV. A level scheme of Eu is going to be constructed. The 

present results show that some levels at the scheme proposed by 

Borovikov, Grozdev and Porsev (6) cannot be confirmed. 

142„ Pr 

142 
Low lying levels of Pr have been studied by groups of the 

university of Fribourg, Switzerland, of the Florida State University, 

Tallahassee, of the University of California, Berkeley and Los Alamos, 

of the Technical, University, Munich, and of the Research Establishment, 

Risj¿, Denmark. A combination of (d,p)- and (n,^-reaction spectroscopic 

data and their theoretical analysis has revealed the following states: 

Ey(lTr) = 0keV(2~), 3.683 keV(5~)', 17.740 keV(3~), 65.746 keV(6"), 

72.294 keV(4~), 84.998 keV(l"), 128.251 keV(5~), 144.587keV(4"), 

176.863 keV(3~), and 200.525 keV(2~). These levels are interpreted 

as arising from the configurations p(d5/2)n(f7/2) and p(g7/2)n(f7/2) 

and their mixture. Several higher lying states are indicated (7). 

186p 
Re 

186 
Levels of Re have been studied through (d,p)-, (d,t)-, (n,e~),-

and (n,^-spectroscopy by groups of the Florida State'University, ' 

Tallahassee, the Technical University, Munich, the Research 

Establishment, Ris^, Denmark, and the University of Calivornia, 

Los Alamos. Excited states were identified at 59*009 keV, 99.361 keV, 

146.275 keV, 173.929 keV, 186 keV, 210.696 keV, 268,796 keV, 273-629 

keV, 316.463 keV, 322.391 keV, 378.383 keV, and others are indicated 

at higher excitation energies. The 314 keV level does probably arise 

from the coupling of the [5144J proton and the |512f] neutron. The . 

other states have been interpreted as the f402̂ J proton orbital coupled 

with the [512t | , [510t] , and f503f] neutron o r b i t a l s . Several of the 

observed levels appear to be strongly mixed (8). 
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6 ^ 

157 

The low-energy t>-spectrum from slow neutron capture in Gd has 

been measured with the Ris^ - curved crystal spectrometer. Strong 

¿f-lines were recorded with a resolution as good as AE/E «* 8 x 10~ 

Ei^(MeV). The data are being avaluated at the present time. They 

will be combined with (n,e~)-data from Siíílsvik and high energy 

(nf<̂ )-data from Idako. 

.7 136Gd 

1 55 
The low energy part of the Gd (n,^-spectrum has also been 

measured with the spectrometer at RÍSJ¿. The resolution was not 
157 

quite as good as during the Gd (n,j»-)-run. It is intended to 

interpret the data in combination with (n,e )- and high energy 

(n, t*)-data from the groups at Studsvik and Idako. 

8 169Yb 

The Ris^-spectrometer has also been used for the measurement of the 

low-energy ^spectrum from neutron capture in Yb. The experiment 

was performed as part of a cooperative work with the groups in Idako 

and Studsvik in order to complete the information on low lying 
169 

levels in • Yb whic 

other groups.(9-11) 

169 
levels in • Yb which has been studied rather carefully by several 

2!M 
153 

Gamma transitions in Eu have been measured after slow neutron . 
152 capture of the 3 isomer of Eu which was produced through the 

1 m 
Eu(n,t̂ ) reaction. A great number of^ -transitions were observed 

153 
and about 40 of these were assigned to Eu. Most of these transitions 

1 53 
could be located in the Eu level scheme through the application of 

the Ritz combination principle to the very precisely determined 

transition energies. The I if = 5/2 , , 1-5/2 levels of the 

J~413 ̂J ground state rotational band were obtained. The states of the 

[552 ¿J 
band were established up to the 13/2 ~ member and levels of the 

[411tJ band were obtained up to the 11/2 + state (12). The energies 
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of the levels of the K-5/2 band were found to strongly deviate 

from the simple rotational sequence. The decay of all of these 

levels has been established through intra band and several inter 

band transitions. 
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2o Coincidence measurements after neutron capture. 

K.E.G.Lobner, A.Gerl, J.Klbckner, HoSchimmer and P.Sperr 

Gamma-gamma prompt and delayed coincidence measurements 

have been performed after neutron capture with Ge(Li) 

and Nal(Tl) detectors at the external neutron beam of the 

reactor near Munich (FRM). With a cooled bismuthfilter a 

neutron flux ofv 5 x 10 neutrons/cm sec is obtained at 

the position of the target. 

2.1 132Eu; 

The half-life of the 89.83 keV level in 152Eu was measured 

with a time-to-amplitude converter to be 381 + 19 ns. This 

value is much more accurate than earlier measurements: 
Tl/2 = 65° ± 550 ns (1) and Tj /g = 400 + 100 ns (2). The 

89.83 keV level is only depopulated by a mixed E1-M2 tran

sition to the ground state. The following hindrance factors 

are obtained relative to the Weisskopf estimate 

?W(E1) « (2.3 ± 0.4) x 106 and PW(M2) = (2.0 + 0.8) x 10"
1. 

The low energy gamma-ray spectrum populating the 89.83 keV 

level was measured by the delayed gating technique with e. 

Ge(Li) detector. This spectrum is rather complex wit-

strong peaks at approximately 50, 72.51 99.5» 104, 1¡Jó, 

122.5 and 140 keV. 

2.2 l60Tb 

The half-lives of two excited levels in Tb have been 
159 measured after neutron capture Tb(n,y) with a time-to-ampli-i 

tude converter to be 59.0 +_ 1.2 ns and 3.5 ± 0.8 ns, respec

tively. Using the delayed gating technique it was shown, 

that the level with the half-life of 59 ns is only depopu

lated by a gamma-ray of 64 + 1 keV. This transition probably 

corresponds to an E2 transition to the ground state 

3" ( p 3/2+ [411] + n 3/2** [52Í] from the 1~ state 

{ P 3/2+ [41 ij - n 5/2" [52.3} • The hindrance factor 

relative to the Weisskopf estimate for this transition 

*w 7C 10 lies in the range of other E2, ̂  K = 2 transitions^ 

The measured half-life of 3.5 ¿ 0.8 ns probably belongs to 

the 78.8é keV level. 
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1 9 8 A U (Pig.3): 

Low energy gamma-gamma coincidence measurements after neutron 
1 97 198 

capture Au(n,y) Au with two Ge(Li) detectors have 

been performed. These measurements confirm the main parts of 

the level scheme constructed by von Egidy et. al. (4) but 

in several aspects it has to be modified. By measuring de

layed coincidences the half-life of the 367.29 keV level 

was determined to be ¡«110 ns. This half-life probably 

corresponds to the unassigned half-life of T1/9 = 128 + 15ns 
197 198 ' 

measured by Bonitz (5) in the Au(d,p) Au reaction. 

The 367.29 keV level is mainly depopulated by a 97.21 (E1), 

214.89, 55o188 keV cascade according to our coincidence 

and delayed coincidence measurements and the data of 

von Egidy et.al. (4). The 97.21 keV E1 transition is hindered 
5 

relative to the Weisskopf estimate by a factor ?¿ 8 x 10 • 

References: 

1) A.M. Berestovoi et. alo, Nucl. Sci. Abstr. J_8 (1964) 

843, No. 6259 

2) K.Tateahaschi, M. McKeown and G.Scharff-Goldhaber, 

Phys. Rev. 137B (1965) 763 

3) K.E.G.Lobner, Phys. Letters 26B (1928) 369 

4) T. von Egidy, E.Bieber and Th.W.Elze, Z. Physik 195 

(1966) 489 

5) M. Bonitz, Nucí. Phys. A118 (1968) 478 
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K - forbidden gamma-ray transitions» 

K.E.G.Lb'bner 

All available experimentally determined absolute 

gamma-ray transition probabilities between different in

trinsic states in odd-and even-mass nuclei of the rare 

earth region (with neutron numbers 89 ̂  N ^ 114 and proton 

numbers 62 ^ Z ¿-78) and of the actinide region (N -¿ 134) 

are compared to the Weisskopf estimate for different 

| A KJ values. For all multipolarities a systematic decrease 

of the reduced transition-probabilities by approximately a 

factor of 100 per degree of K-forbiddenness is found, 

but the frequently used "empirical" rule log F„ = 

2(j A Kj - L) is not true in general, ["where Pw is the 

hindrance factor relative to the Weisskopf estimate and L 

is the multipolarity of the gamma-ray transition^ • 

Reference: 

K.E.G.Lbbner, Physics Letters 26B (1968) 369 

Decay scheme study 

K.E.G.Lbbner 

234^ 

234 
The half-life of the 1552 keV level in :••• U was measured 

234 in the decay of 6.7 h Pa by delayed coincidences with a 
time-to-amplitude converter to be 2.20 + 0.25 ns(1). This 

half-life determines the transition probability of the 131keV 

E1 transition between the two neutron states 5+ f5/2+ £622j|+ 

5/2+ [633JÜ and 6" f 7/2" [743]f + 5/2+ [633] j} . The hin

drance factors (P„ = 3«5 x 10 and P„ = 0.27) are compared 

to those of the E1 transition between the same Nilsson 

states in the odd-mass nucleus Pu(P^ = 2.2 x 10 and 

PJJ = 13). The difference of the reduced transition probabili

ties is dicussed in terms of pairing interactions. It was 

confirmed that the 1552 keV level is only depopulated by 

the 151 keV E1 transition. 

Reference : 

(1) K.E.G. LSbner, O.F.A. Goudsmit, J.Konijn, E.W.A. Linge- . 

man and P.Polak, Nuclear Physics A122 (1968) 214. 
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5. Coherent scattering length measured by total reflection and by-

small angle scattering of slow neutrons. 

L.Koester , N.Nücker, W.Nis t l e r , D.Trus ted t , H.lingerer 

The list of scattering length measured using the neutron gravitation 

refractometer at the FEM has been completed by further substances. 

The scattering length of some substances published up to now had 

to be corrected by about 0.1% or less on account of a more precise 

theory of the refractometer. 

The scattering length of the bound atoms determined are: 

Hydrogen: a = -(3.723 £ 0.003)) F 

Deuteron: a = +(6.73 £ 0.05)" F a)) 

Carbon: a = +(6.626 £ 0.003) F 

Oxygen: a = +(5.75 £ 0.04)' F b) 

Fluorine: a = +(5-74 £ 0.03) F b) 

..-.: - = +(2.852 + 0.006)F b) 

Chlorine: a = +(9.584 £ 0.002)F 

Bromine: a = +(6,85 + 0.04) F b) 

Tungsten: a = +(4.77 £ 0.05) F a) 

Mercury: a = +( 12.66 £ 0.02) F 

Lead: a = +(9.40 £ 0.01 )') F b) 

Bismuth: a = +(8.5234+ 0.0014)F 

a) small angle scattering result 

b) preliminary value 

The values for Hydrogen, Carbon, Oxygen, Fluorine, Chlorine and 

Bromine were calculated from measured scattering length of organic 

liquids. The deuteron value was determined from a measurement of heavy 

water relative to light water. The measured scattering length of the 

liquids used for the determination of the scattering length of the 

elements are: 

C 8 BLJQ (Xylene) : a - +(15.784 £ 0.008) F 

Q Ç 1 2 (Ditan) : a » +(41.460 + 0.013) F 

0 Hg (Toluene) : a = +(16.590 + 0.007) F 

C CI . : a - +(44.960 + 0.010) F 

C2 CI : a - +(51.590 + 0.010) F 

C6 H,. F : a = +(26.879 + 0.008)) F 

C6 He Cl : a . +(30.723 £ O.OO7); F 
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C6 H Br : a = +(27.987 + 0.006) F 

CL H1 2 0 . : a = +(24-707 + 0.020); F 

D2 0 : a = +(19.20 + 0 .08} F 

Measurements on high purity lead and on heavy and light water 

mixtures are in preparation» 
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6. Nuclear spectroscopy of short-lived fission products Wo, Mo and Tc. 

G. Zicha, P. Maier-Komor, J. Maul, U. Zahn, H.J. Kb'rner, K.E.G. Lobner, 

P. Kienle. 

The decay of neutron-rich Tc- fission products (A=103-108) was investigated 

by measuring f-spectra and prompt and delayed ^-^-coincidences using 

Ge(Li)-detectors. It was possible to separate the fission products radio-
235 

chemically within 4s after neutron irradiation of U. 

In Ru a ground state rotational band has been found with îl /2J = 

15,7 keV. A deformatjm parameter B=»0.64 can be estimated from the life

time of the 94 keV 2 state. Investigation of the excited states of 

Ru, Ru and Ru indicate strong deformation of these nuclei. 

103 
In Tc an isomer with a half-life of 15s has been found, the decay of 

which may be explained by a M4-transition between p. /_ and g-t/? shell 

model states. 

An upper limit for the half-life of the still unknown isotopes Nb 

and Nb has been determined as 1s and 2s, respectively, by variation 

of the separation time. 
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V. PHYSIK-DEPARTMENT PER TH. MÜNCHEN UND 

INSTITUT FUR FESTKCRPER- UHD NEUTROITENPEYSIK PER KERMF0R5GHUWGS-

ANLAGE JÜLICH 

Total neutron scattering cross sections for the rare earth, elements 

Tb. Dy«_ Hp.t. Er.t. Tb and Lu in the subthermal energy range 

A» Knorr and V?. Schmatz 

Total cross sections a. . are measured with a mechanical velocitv selector» 
tot 

The results are given in the table» The error F for the neutron energy E 
is due to the calibration accuracy, the error for cr . due to counting 

' tot J 

statistics, a .is already corrected for rare earth impurities of high 
xox 

absorption cross sections like Gd and Eu. The absorption cross section a 
a 

is reduced from a by correction for paramagnetic scattering (metal foils 

at room temperature have been used), Other scattering contributions are of 

minor importance and are also considered, Experimental procedure and data 

handling will be discussed in detail in Nukleonik (1969). The systematic 
errors F are mainly due to that of the total cross section, to the 

syst 
correction for impurities ( a ) and to the paramagnetic scattering cross 

tot 
section» 
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INSTITUT FUR FESTKSRPER- UND NEUTRONENPHYSIK, KFA JOLICH 

Measurement of Mass- and Time-Dependence of Delayed Fission 

Neutrons 

(E.Roeckl, J. Eidens, and P.Armbruster) 

235 Delayed neutron emission for thermal neutron fission of U 

is investigated by means of a helium-filled mass separator. 

At the focus of the separator, the neutron activity is detected 

in coincidence with the & decay preceding'the neutron emission. 

Measurements of the activity build-up give the total delayed 

neutron yield and the yields for different times after fission. 

Measurements of the activity decay give the half-life distri

bution. 

The mass-dependence of yield and half-life was investigated for 

the whole fission product mass region. The splitting of the 

total yield of delayed neutrons between light and heavy fission 

products has been determined (table I). Based on KEEPIN's value 

of the total number of delayed neutrons per fission, a yield 

of 1.05 and 0.53 neutrons per 100 fissions has been obtained 

for light and heavy fission products, respectively. The ex

perimentally determined mass- and time-dependence of delayed 

neutron emission are compared with those calculated from the 

known precursors . Unidentified neutron activities rest in the 

mass regions 85 - 88 (half-life 1 sec, yield 0.10 n/100 f) 

and 96 - 100 (half-life 1.5 sec, yield 0.24 n/100 f) . By 

means of theoretical considerations the yield difference for 

delayed neutrons between light and heavy fission products is 

interpreted and the new neutron activity is assigned to the 
9 8 99 

precursors Y or Y (fig. 1). 



Table I 

Identified and unidentified fraction of delayed neutron yield 

Delayed neutron 
yield (total: 
1.58 + 0.05 ' 
n/100"f) 

Identified 

fraction 

Not identified 

fraction 

Light fission products 

Fraction of total Absolut yield 

yield 

(%) (n/100 f) 

6 7 + 3 

51 + 10 

16 + 7 

1.05+0.06 

0.79 + 0.15 

0.26 + 0.10 

Heavy fission products 

Fraction of total Absolut yiel< 

yield 

(%) (n/100 f) 

33 + 3 

25 + € 

8 + 7 

0.53 + 0.0H 

0.10 + 0.10 

0.12 + 0.11 
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2. Identification and Decay Investigation of Several Short-Lived 

Fission Products by an Qn-Line Mass Separator 

(J. Eidens, E. Roeckl, P. Armbruster) 

A device for nuclear spectroscopy on short-lived fission pro

ducts has been operated at the focus of the gas-filled on-line 

mass separator at the FRJ-2 reactor. By the known y -lines of 

long-lived fission products, a mass calibration of the sepa

rator was carried out. Several unknown short-lived fission pro

ducts could be identified by investigating some very intense 

y -lines. For these lines, the decay curves were measured and 

£>- y -coincidence spectra as well as y - y -coincidence spectra 

were recorded. The data were assigned to 8 nucleides . Their 

half-lives, Í6 decay Q-values, and 7-lines are given in table I, 

coincident Y -lines are separated by a comma, non coincident 

ones by a semicolon. In 3 of the 8 cases the decay curves per

mitted the following estimates for the half-lives of the pre

cursors: 97Sr (0.4 + 0.3) sec; 99Y (0.8 + 0 .7 )sec ; 100Zr( 1. 0+0 .9 )sec , 

Using the data obtained in this investigation a proposal for 

decay schemes of the 8 nucleides could be made. Here, in a few 

cases, published data from earlier £> decay or nuclear reaction 

measurements have been taken into account. 



Table I 

Data on new short-lived fission products 

Nucleide 

8"se 

91Kr 

97 
X 

Nb 

99 aaZr 

100Nb 

101Nb 

101Zr 

T1/2(sec) 

210 + 5 

7 .9 + 0.5 

1 .11+ 0.03 

14.3 + 0.06 

2.H + 0.1 

6 .6 + 0.2 

7.0 + 0.2 

3 .3' + 0.6 

Qfî(MeV) 

1 .8 + 0.1 

5 .7 + O.k 

5 .7 + 0.2 

3.7 + 0.2 

4.5+ 0.2 

6.5 + 0.3 

4.6 + 0.2 

6 .5 + 0.7 

E (keV; 
y 

406 + 3 

111 + 3, 630 + 20 

125 + 3, 810 + 3 

137 + 3 

468 + 3, 548 + 3; 

595 + 3, 430 + 20 

159 + 3, 533 + 3 

273 + 3 ; 399 + 3 

293 + 3, 400 + 20 
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Mass Dependence of the Average Nuclear Charge of Primary 
^-g 

Fission Products in the Thermal Fission of U 

(K. Sistemich, P. Armbruster) 

The gas filled on-line separator for fission products at the 

reactor FRJ-2 has been used to remeasure primary charge values 

by absolute ^-counting. The activity build-up technique com

bined with 4 TT-counting gives the number of fi decays up to a 

time of 3000 sec after fission. From this measured quantity 

and the charge values of the fission products 3000 sec after 

fission which are calculated from the stable charge and the 

known long half-lives, the primary charge value has been ob

tained, (fig. 1). Using a new compilation of prompt neutron 
235 data (fig. 2) a Wahl diagram for thermal fission of U has 

been plotted, (fig. 3) . A comparison to a X-ray measurement 

of Reisdorf and Armbruster (1) and to a fit through all avai

lable radiochemical data is given in fig. 4. The discrepancy 

between the different measurements are never larger than 

0.3 charge units, the average quadratic deviation between the 

measurements are 0.1 charge units. Nevertheless there seem to 

be still some systematic deviations between radiochemical and 

physical measurements . 

(1) W.Reisdorf, P .Armbruster: Phys . Lett. 24 B (19 67) 501 

(2) J.CD.Milton, J.S. Fraser: in "Physics and Chemistry of 
Fission", Proc. of the Salzburg Symposium (1965), IAEA 
Vienna Vol. II, p. 39 

(3) V.F.Apalin, Yu .N .Gritsyuk, I .E.Krutikov, V.I.Lebedev, 
L.A.Mikaelyan: Nucl.Phys. 5_5_ (1964) 249 

(4) E.È. Maslin, A.L. Rodgers, W.G.F. Core: Phys Rev. 164_ 
(1967) 1520 

(5) J.Terrell: Phys. Rev. 127 (1962) 880 
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average secondary mass (4S) 

Fig. 1. The measured average primary charge as a function of 
the mass after prompt neutron emission. Errors cor
respond to the size of the crosses. The full lines 
give the values of the average stable charge. 
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H primary fission product mass Ap 

131 

primary fission product mass A. 

Fig. 2. Average number of prompt neutrons emitted from light 
and heavy fission fragments. The errors refer to the 
average value of the data of Milton and Fraser and 
of Maslin et al. They are given, if they are larger 
than + 0.1 M.U. 

o Milton and Fraser (2) 
Apalin et al. (3) 

• Maslin et al. (4) 
Terrell (5) 
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V U . INSTITUT FUR KERNPHYSIK. UNIVERSITY OF FRANKFURT/MAIN (GERMANY) 

1. Excitation functions of the nuclear reactions 
6Li(n.p)6He(o) and 6Li(n.n'y)6Li(5.56) 

(G. Presser, R. Bass and K. Krüger) 

Previously reported work on both reactions (see EANDC progress 

reports 1965 an(* 1967) has now been completed. 

The (n,p) reaction was investigated from threshold to 9 MeV by 

neutron aétivation of a Lil(Eu) scintillator. The neutron energy 

resolution varied between 50 and 200 keV. Relative point to point 

errors are ,+ 5 $ and absolute errors ¿15 Í°» The results are 

given in fig. 1. 

The (n,n'y) reaction was investigated from threshold to 6.5 MeV 

using a ring scatterer, which consisted of 200 g 96 $ enriched ( 

metallic Li. Time of flight techniques were employed to reduce 

background due to room-scattered neutrons. The neutron energy 

resolution varied between 50 and 100 keV. Relative point to point 

errors are 8 - 25 $ and absolute errors 12 - 30 $, depending on 

neutron energy. The results are given in fig. 2. 

2. Excitation function of the nuclear reaction Li(n.n'v) Li(0.48) 

(G. Presser and R. Bass) 

Previously reported work (see Antwerp conference 1965 and EANDC 

progress report 1965) with a Nal(Tl) y-detector has been repeated 

using a 30 cm Ge(Li)detector. The improved pulse height resolution 

simplified the data reduction and made the background subtraction 

more reliable. The neutron energy range from 1.0 to 8.8 MeV was 

covered with 50 keV resolution. Relative point to point errors 

are 5 - 15 Í0 an(i absolute errors 10 - 20 fo depending on neutron 

energy. The results are essentially in agreement with the earlier 

data; numerical values are available from the authors on request. 
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Fig. 1) Excitation function of the reaction 'Li(n,p) He(o). 

The error bars for the present results include relative errors 

only. Results of J.F. Barry are from Reactor Science and 

Technology JJ (1965) 273. 
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•VIII. PHYSIKALISCHES STAATSINSTITUT, I,INSTITUT FUR EXPERIMENTAL-

PHYSIK, HAMBURG (GERMANY) 

1... Angular distributions for (n>q)Reaotions at 14 MeV 

U.Seebeck, D.Kaack and M.Bormann. 

Angular distributions were measured for the groups a and 
1 fi 1 ̂  

a1C5, from the reaction 0(n,a) 0 at 14.1 MeV and for the 
0 * ^ 1 Ci'Zk 

total a-particles from the (n,a)reactions in Nb, Rh 
107 

and Ag at 14.2 Me?. The a-particles were detected by-
means of a thin Csl crystal, the pulse-shape discrimination 
method was used to distinguish a-particles from other particles 
and Y-radiation. The results are given in Table I. 
for the heavier elements the energy spectra and angular 

distributions of the a-particles were analysed according to 

the statistical theory. About 60 - 70 <fo of the total reaction 

yields have symmetric angular distributions and can be ascrib-

. ed to evaporation processes. The remainding portions are 

emitted predominantly at foreward angles which makes their 

origin from direct reactions probable. 



Table I: Differential cross sections of (n,a) reactions 

0 ( n , 

6 
CM 

2 2 . 9 ° 

5 0 . 1 ° 

6 5 . 5 ° 

8 2 . 3 ° 
9 2 . 6 ° 

1 0 4 . 6 ° 

1 1 6 . 1 ° 

1 3 6 . 6 ° 

1 5 4 . 3 ° 

E = 1 4 . 1 MeV n 

« . ) 1 3 « 

d G imh/n-r^ 
¿ ji \mo/ a T f 

1.94 + 0 . 0 9 

0 . 5 2 + 0 . 0 5 

1 .03 + 0 . 0 7 
0 . 6 l + 0 . 0 8 

0 . 9 8 + 0 . 1 1 

1 .77 + 0 . 1 1 

1 .49 + 0 . 2 0 

1 .66 + 0 . 2 5 

1 .23 + 0 . 2 7 

0 ( n , 

0 
CM 

2 3 . 6 ° 

5.1.3° 
6 6 . 8 ° 

8 4 . 3 ° 
9 4 . 6 ° 

1 0 6 . 6 ° 

a 1 2 3 ) 1 3 C 

d j l ( m b / s r ) 

2 0 . 9 + 0 . 2 3 

8 . 8 + 0 . 3 0 

6 . 4 + 0 . 2 1 

3 .9 + 0 . 2 2 

2 . 5 + 0 . 2 1 

6 . 0 + 0 . 1 9 

9 3 N b ( n , 

e 
CM 

37° 

57° 

8 1 ° . 

9 9 ° 

123° 

143° 

er = 
t o t 

E„ = 1 4 . 2 MeV n 

a ) 9 0 Y 

dJ l ( f f l V s r ) 

1 .66 + 0 . 2 9 

1 .30 + 0 . 1 2 

0 . 3 7 + 0 . 0 7 

0 . 3 4 + 0 . 0 7 

0 . 3 8 + 0 , 0 9 

0 . 4 7 + 0 . 1 9 

9 . 2 + 0 . 7 mb 

1 0 5 R h 

e 
CM 

37° 

57° 

81° 

9 9 ° 

123° 

143° 

6* 
t o t 

( n , a ) 1 0 0 T c 

dJl l m b / o r ) 

0 . 6 3 + 0 . 2 1 

0 . 5 0 + 0 . 1 1 

0 . 1 4 + 0 . 0 3 

0 . 2 2 + 0 . 0 4 

0 . 2 9 + 0 . 1 0 

0 . 5 4 + 0 . 2 4 

4 . 1 + 0 . 7 mb 

1 0 7 A g ( 

e 
CM 

37° 

57° 

8 1 ° 

9 9 ° 

123° 

143° 

S -
t o t 

n , a ) 1 0 \ h 

dJ i ( m b A r ) 

1 .21 + 0 . 1 6 

0 . 6 0 + 0 . 0 8 

0 . 2 6 + 0 . 0 6 

0 . 2 9 + 0 . 0 7 

0 . 3 2 + 0 . 0 7 

0 . 5 4 + 0 . 1 9 

6 .7 + 0 . 5 mb 
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2. Excitation Functions of (n,p) and (n,2n) Reactions for 

some Isotopes of K, Mn, Zn, and Cu. 

M.-Bormann and B. Lammers 

. . 41 

The excitation functions of the (n,p) reactions for K 

and Zn were measured in the energy region 13-18 MeV 

"by means of the activation method. Gamma activities were 

detected by integral bias gamma counting with a 3"0 x 2" 

Nal well-crystal. The neutrons were produced in a water-

cooled thin titanium-tritium target via the reaction 
5H(d,n)4'He with 2 MeV deuterons from a Van de Graaff 

accelerator. The neutron flux was measured with a 1"j2 x 1" 

stilbene recoil proton spectrometer. The results are given 

in Table I. They were compared with statistical theory 

calculations and good agreement was obtained in most cases. 



Table I: Experimental (n,2n) cross - sections in mb 

E (MeV) n 

12.99 + 0.10 
14.10 + 0.15 
15.03 + 0.14 
15.57 + 0.15 
16.16 + 0.15 
16.66 + 0.15 
17.12 + 0.14 
17.84 + 0.13 
18.06 + 0.13 
18.19 + 0.12 

T1^2=103.5+2.4n 

57.4 + 6.0 
49.2 + 4.4 
40.5 + 4.8 
38.4 + 4.4 
31.5 + 3.8 

27.5 + 3.2 
19.8 + 2.2 

20.9 + 2.8 

En (MeV) 

14.10 + 0.14 
14.82 + 0.14 
15.46 + 0.15 
16.05 + 0.15 
16.51 + 0.15 
17.08 + 0.14 
17.48 + 0.14 
17.84 + 0.13 
18.06 + 0.13 
18.13 + 0.11 
18.19 + 0.12 

— t — 

55Mn(n,2n)54Mn 

Tl/2=313+7d 

600 + 78 
798 + 78 
834 + 82 
844 + 66 
803 + 79 
820 + 80 
881 + 86 

861 + 84 

64„ / x64„ Zn(n,p) Cu 

T±/2=756.0+9.4m 

191.7 + 12.4 
145.4 + 9.8 
155.4 + 10.3 
133.3 + 8.7 
141.4 + 9.3 
132.8 + 8.9 
120.3 + 8.0 
118.1 + 7.7 
125.7 + 8.0 

113.9 + 7.6 

E (MeV) n v ' 

13.21 + 0.21 
14.10 + 0.14 
15.46 + 0.15 
16.05 + 0.15 
16.56 + 0.15 
17.08 + 0.14 
17.48 + 0.14 
18.04 + 0.12 

6ZtZn(n,2n)63Zn 
T
1/2=37.85+0.06m 

131.1 + 8.2 
208.1 + 10.8 
273.8 + 17.4 
319.5 + 20.1 
372.1 + 23.4 
402.1 + 25.4 
408.4 +25.8 
438.3 + 27.6 

447.7 + 40.3 

63Cu(n,2n)62Cu 

TjL/2=9. 65+0. 02m 

399 + 27 
552 + 37 
705 + 48 
737 + 50 
760 + 52 
797 +" 57 
866 + 62 
895 + 72 

66Zn(n,2n)65Zn 

T1^2=245.7+l.ld 

758 + 54 
864 + 62 
963 +" 67 
965 + 65 
1028 + 71 
1081 + 75 
1082 + 74 
1125 + 77 
1135 + 77 

65Cu(n,2n)Cu64 

T± /2=762+10m 

809 + 55 
906 + 61 
957 + 65 
964 + 65 
975 + 66 
983 +" 67 
1006 + 68 
1052 T 59 
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IX. INSTITUT FUR REINE UND ANGEWANDTE KERNPHYSIK PER 

UNIVERSITAT KIEL (IKK), GEESTHACHT 

1. Fast Chopper 

H.H. JUNG, H.G. PRIESMEYER, S. CHAKRABORTY, H. SULITZE 

1.1 Resonance Parameters of Cs 133 

As part of the total neutron cross section measurements on 

fission product Caesium, which contains stable Cs 13 3 inr] ; 

the two radioactive isotopes Cs 135 and Cs 137 to roughly 

equal parts, total cross section measurements on natural 

Caesium 133 have been done. 

Samples of powdered CsCl of very high purity with four 

different thicknesses (Tab. I) were run at three different 

rotor speeds (Tab. II). 

l8 resonances have been found up to kob ev. Resonance pa

rameters of 13 of them have been determined by area ana

lysis (Tab. III). For this purpose we used the area ana

lysis program by S. ATTA and J.A. HARVEY / l ) , Khich was 

altered slightly for the use on a CD 3^00 computer. 

These results will be published in Atomkernenergie at the 

beginning of 1969. Measurements on fission product Caesium 

will be started in January I969. 

1.2 Total Cross Section Measurements on Ruthenium 

Part of the chopper program is the determination of resonance 

parameters of Ruthenium isotopes. Runs on natural Ruthenium 

and on separated isotopes (Ru loo, loi, lo2, lo4) are planned. 

The runs on natural Ruthenium were started in 1968 and will 

be completed during the next year. Resonance analysis of 
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these runs is underway. The runs on the separated isotopes 

are scheduled for 1969. 

1.3 A Lithium Glass Detector Bank for Neutron Time-of-Flight 
Measurements 

Under this title a publication has been accepted by Nuclear 

Instruments and Methods as a letter to the editor. In this 

article the detector bank of the fast chopper time-of-flight 

spectrometer has been described. 

l,k DevelopmBnt of a New Liquid Scintillation Counter for 
Neutron Time-of-Flight Measurements 

Based on the work of ROSS et.al. (2), a new liquid scintilla

tion counter for neutron energies up to several hundred ev 

has been developed. 

Solvent and target material is N,N,N,trimethylborazine. lo 

percent of IPBP for increasing the solubility of scintillator 

and phase shifter, and 2o percent of r.aphthalene for increas

ing pulse height have been added. BIBUQ, a new product by 

E. MERCK, Darmstadt, and dimethyl - POPCP served as scintil

lator and phase shifter resp. 

Detectors of about ] cm geometrical thickness are competitive 

with lithium glass detectors of about 2 cm thickness when 

efficiency and signal-to-background ratio is considered (the 

use of enriched boron for the fabrication of N,N,N,trimethyl-

borazine is supposed). The advantages of the new detector are 

low cost, the possibility to prepare it easily at the own 

laboratory without large amount of facilities, and to fit 

it to all desired geometries. 

1.5 Total Neutron Cross Sections of Gross Fission Products 

It is intended to do total neutron cross section measurements 
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oñ gross fission products. For this purpose, samples of U 235 

with tight cannings will be irradiated in a reactor to a cer

tain burnup. After a decay, time which is necessary in order 

to decrease the activity of the samples, transmission measure

ments on these samples, which contain the whole spectrum of 

- not too short living - fission products and the remaining 

U 235, will be done. 

Before preparing such measurements, it was necessary to in

vestigate, whether those measurements will be reasonable or 

not, i.e. whether one can expect to see any individual reso

nances in the transmission curves - and perhaps - identify 

them. This is not trivial as there are nearly 2oo fission 

products, and all of them are expected to have a large num

ber of resonances in the energy range of interest (1 to 

looo ev]> . 

Basing on the well known statistical properties of resonance 

parameters, it is possible to generate by means of Monte 

Carlo methods total cross sections as function of energy 

for every fission product. Weighing such cross sections 

by the nuclide concentrations of the fission products, 

which can be calculated from the known yields, half lives, 

and thermal capture cross sections, and summing over all 

fission products, one gets a total cross section which is 

not identical with the true cross section, but which shows 

how it will be in principle. 

Basing on the result of such calculations one can decide, 

whether the measurements of such cross sections will be 

reasonable or not. 

x̂ cne generation of the cross sections of the fission 

products by means of Monte Carlo methods, a FORTRAN routine, 

called BRWTG was written. The nuclide concentrations were 

calculated with another FORTRAN routine, called NUCY, which 

was written by D.R. VONDY (3). NUCY is a zero dimensional, 

two energy group burnup program, which allows to calculate 

fission product concentrations as function of neutron flux, 

ratio of thermal to fast flux, burnup, and time after shut 

down. 
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As an example of these calculations, Fig. 1 shows the total 

cross section curve of a mixture of fission products with 

the remaining U 235 as function of energy. A thermal flux 
l4 2 14 2 

of 0.5 • lo n/cm /sec, a fast flux of 1.5 x lo n/cm /sec, 

ko percent burnup, and a four weeks period after shut down 

were assumed in this case. The eross section curve has been 

corrected for Doppler and resolution effects (2o C sample 

temperature, and 5^ n sec/m resolution for the energy range 

from lo to loo ev, and 27 n sec/m resolution for the energy 

range from loo to looo ev were assumed). 

This curve and other ones show clearly that it is possible 

to resolve a lot of resonances in the cross section of 

fission product mixtures up to at least loo ev with our 

time-of-flight equipment. Therefore, preparations of such 

measurements were started. 

This theoretical work has been edited as a "Diplomarbeit" 

(H. SULITZE) and will be published, in Atomkernenergie. 

A description of the computer programs is given in an 

internal report of the Gesellschaft fur Kernenergiever-

wertung in Schiffbau und Schiffahrt mbH., Geesthacht 

(GKSS). 

Rferenc es : 

(1) ORNL 32o5 and Supplement 

(2) Nucl. Instr. Meth. 32. (1965) 19^ 

(3) GRNL - TM - 36l and Addendum 
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2. Cristal Spectrometer 

K. BRAND and M. SAAD 

2.1 The Effect of Chemical Binding on Neutron Cross Sections 
of Metalhydrides, -deuterides, Uranium Carbide and Uranium 
Oxide. 

The total neutron cross section was measured by a crystalspec-

trometer at room temperature. The energy range was o,o5 to 

o,5 ev and the resolution between 1 and 3 %• 

2.1.1 NbH„ n and NbD ac 0,9 o, oo 

The cross section pro proton shows two well-separated opti

cal niveaus at o,12o and 0,158 ev. Both are attributed to 

the o - 1 transitions of hydrogen atoms in the metal lattice, 

This doublet-structure is believed to arise from splitting 

in the optical band into transverse and longitudional modes. 

Another niveau (o - 2 transition) is observed at o,315 ev. 

The cross section pro deuteron shows the same splitting 

into two well-separated niveaus at 0,088 and o,112 ev. 

The results are published in ATKE 6 (1968), ^58. 

2.1.2 TiH. /̂- was measured with different temperatures up 

to ̂ 7o°C. 

2.1.3 The cross sections of YH and YD were measured and 

show no clear niveaus due to the complex structure of these 

substances. 

2.1.4 UH_ /-_ and UD„ /-_ (Uranium Hydride and -Deuteride) 

The vibration energy was determined to be o,112 ev for. 

UH_ r and 0,092 for UD 2 ,-_. The second excited state 

(0,258 ev) of UH_ /•_ is not the double of the first state 
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because of the anharmonic and anisotropic binding. (Results 

are published in ATKE £ (1968), 458). 

2.1.5 Uranium carbide UC 

The vibration energy was determined to be o,o44 ev for 

(o - l) transition and 0,086 ev and o,137 ev for (o - 2) 

and (o - 3) transition due to second and third excitation 

of the carbon atom. 

2.1.6 Uranium dioxide U 0 2 

A predicted structure with discrete energy levels is ob

served. The data show a pronounced structure near o,o35 

ev, o,o49 ev and o,o73 ©v excitation. 

The results will be published in ATKE. 

3. Stern Gerlach Experiment with Neutrons 

M. NAGIB 

The Stern Gerlach experiment has'been reconstructed at beam 

hole 6 at the FRG-1. The adjustment of the apparatus was 

finished in February. Since March the following measure

ments haveibeen carried out: 

3.1 Measurement of the deviation from magnetic saturation 

for polycrystalline cobalt metal in the field range 25oo 

\H ( 25ooo Oe. The metal is of high purity (99,99%) and 

was heated for about loo hours at 4oo C in vacuum. The 
4 2 

experimental result shows proportionality with 1/(H+—ifJ ) , 
> • ' 3 s 

where J is the saturation magnetization. 

3.2 The deviation from magnetic saturation has been also 

carried out on plastically deformed nickel after heating 

for 4 and 8 hours at 75© C. With about 3 dislocations/dis

location group, the results show an agreement with the the

ory of approach to magnetic saturation in plastically de-



- 76 -

formed face-centered cubic materials (l). 

(1) H. KRONMÜLLER, A. SEEGER 

J. Phys. Chem. Solids, l8 (I96l), 93. 



TABLE I 

Sample No. Thickness (Cs 133 - atoms/barns) 

6 

7 
8 * 

9 * 

o.oo7o2 

o.ool86 

o.ooo421 

o.00007^6 

The CsCl-powder of these samples has been diluted by A120_ in 

order to keep the geometrical thickness above 2 mm. 

TABLE II 

^ 5 
--3 

Rotor Speed 

(rpm) 

225o 

6000 

II900 

Covered Energy Range 

12o -to 2.6 ev 

1^5 to 13 ev 

13oo to 60 ev 

Resolution 

(•ns/m) 

375 

65 

33 

Samples Used 

8,9 

6,7 
6 
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Table III 

Résonance Parameters of Cs 133 

Reso -
nance 

1 

2 

3 
4 

5 
6 

7 
8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

Resonance 
Energy (ev) 

5.90 

22.7 

48.0 

83.9 
95-5 

128 

144 

148 

183 

193 

2o4 

211 

224 

238 

300 

364(3) 

381O) 

4o7<3) 

2 grn° 
(mev) 

2.26 

1.45 

2.9 

0.87 

2.5 

12 

0.52 

2.3 

1-5 

0.44 

2.1 

32 

6.3 

| Tn ( 1 ) 

(mev) 

5.5 

7,5 

2o 

8 
24 

135 

6.2 

28 

22 

6.4 

32 

490 

,120 

r 
(mev) 

115 

12o 

15o 

12o 

l6o 

215 

115 

140 

i4o 

115 

l4o 

600 

230 

TY 
(mev) 

*ll.o 

112.5 

13o 

llo ( 2 ) 

135 

80 

llo(2) 

llo(2) 

llo(2) 

llo(2) 

llo(2) 

llo(2) 

llo(2) 

1 

(1) g s 0.5 assumed, 

(2) assumed values 

(3) not yet analysed 
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LABORATORIO DI FÍSICA NUCLEARE APPLICATA, CENTRO DI STUDI NU-

CLEARI DEL C.N.E.N., CASACCIA (ROMA) (ITALY) 

Introduction 

Last year the Nuclear Physics Group of the "Centro Studi Nuclea 

ri délia Casaccia" was engaged in the following activities: 

1) Nuclear resonant scattering experiment. 

2) Thermal neutron radiative capture experiment. 

3) Gamma-ray spectroscopy. 

Later on the progress we obtained in this year will be briefly 

described. 

Nuclear resonant scattering experiment 

(M. Giannini, P. Oliva, D. Prosperi, M.C. Ramorino) 

Nuclear resonant scattering measurements of neutron capture 

y-rays, performed by our group, have been extensively reported 

in the previous reports and in some, papers. 
3 * 

Large Ge(Li) detectors (30 cm ) with very high resolution 

(about 10 KeV at 5 MeV) have greatly improved the researches on 

nuclear resonant scattering, particularly in what concerns 

Y-inelastic transitions from the resonant level. 

The (Y.Y') reaction study gives also a new method to investigate 

the low energy level scheme. 

A first investigation has.been performed and a paper is to be 

published about the resonances Fe-Cd , Cu-Bi , Cu-Sn . 

The spectrum scattered from a Cd target has shown 12 inelastic 

transitions in addition to the elastic transition. 

From y-y coincidence and directional correlation measurements, 
112 

a coherent Cd level scheme follows. Additional new levels 

have been deduced. 

The spectrum scattered from a Bi target has shown 3 different 

resonances; y-y directional correlation measurements allowed 
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üs to determine the spin of the most intense resonance. 

The spectrum scattered from a Sn target has shown 3 inelastic 

transitions and 2 new resonances in addition to the well known 

6908 KeV resonance. 
141 

Preliminary measurements are to be performed on Fe-Pr , Fe-Tl, 
141 

Cr-Pr and Cr-Cu resonances. 

Thermal neutron radiative capture experiment 

(A. Fubini, M. Giannini, D. Prosperi) 

The shielding and collimation of the tangential beam-tube of 

the 1 MeV TRIGA reactor were completed in order to be used for 

a programme concerning the neutron radiative capture measure

ments . 

The main purpose of our experiments is to obtain more precise 

information about the nuclear level schemes of the odd-odd nu

clei. 

A first experiment was performed on the reactor In (n,y)In 

The Y-ray spectrum in the 60-6700 KeV energy range was investi

gated. 

Some new Ml transitions to the first excited levels and new 

other levels were found. Furthermore the energies of some known 

levels measured with a better precision. The results will be 

published in"Nuovo Cimento". An experiment on the CI (nfy)Cl 

reaction is in progress. 

In the meantime on the same channel a study of the isomeric tran 

sitions (half-life from 0,1 to 10 Usee) is in progress. 

Actually the isomeric levels of I were investigated. 

Gamma-ray spectroscopy 

(M. Giannini) 

152 112 
Some measurements on the y decay of Eu (T 123 Y ) i-n order 

1 52 
to give a better picture of the Sm level scheme were perform 

ed. 
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We identified some new y transitions and performed y coin

cidence and 7-7 angular correlation measurements. The results 

are in print on "Nuovo Cimento". 
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CENTRO SICILIANO DI FÍSICA NUCLEARE E DI STRUTTURA PELLA MATE-

RIA, ISTITUTO NAZIONALE FÍSICA NUCLEARE - SEZIONE SICILIANA, 
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ISTITUTO DI FÍSICA DELL'UNIVERSITA', CATANIA (ITALY) 

Experimental research work on nuclear structure and reactions 

Nuclear Fission 

(S. Lo Nigro, C. Milone) 

We have measured the angular distributions of fragments from 

neutron induced fission of thorium in the. range 1.3 <E <1.8 

MeV. 

The monoenergetic neutron beams have been obtained from the 
12 2 

C(d,n) and H(d,n) reactions; the energy spread resulted be

tween 100 and 200 KeV. The fission fragments have been detected 

by means of nuclear emulsions loaded with thorium nitrate. 

Each angular distribution of fragments was obtained by analyzing 

nearly 2000 fission tracks. 

At neutron energies E = 1.35; 1.40; 1.45; 1.50; 1.60; 1.65; 1.78 
n 

MeV we have obtained the following values of anysotropy ratios 

R(E ) = N(O°)/N(90°) = 0.91;. 0.77; 0.43; 0.27; 0.44; 0.55; 1.08. 

The experimental behaviour of R(E ) may be explained assuming 

that the fission near the threshold takes place through a K = \ 

band; increasing E , K> ¿ bands open and their contributions 

reach a maximum concurrent with the maximum of a. . at E = 1.6 
n,f n 

MeV; at a further rise of E , K = A bands become dominant 
n 

again. 

The results have been published in Nuclear Physics and communi

cated at the meeting of the Società Italiana di Fisica [l,2J . 
Separation of the reaction mechanism 

(G. Corleo, G. Pappalardo, A. Rubbino) 

29 
Experimental data on nuclear reactions having the Si as inter
mediate system have been analyzed in order to test the possibili 
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ty of separation of reaction mechanism. In particular the val

ue of cr deduced by a fluctuation analysis has been compared 

systematically with the value of a obtained by Hauser and 
nr 

Feshbach calculation of the cross-section. 

The results agree within the FRD errors [3]. 

Of. T 0e, 

4. Statistical fluctuation analysis of the Mg( He,a) Mg reaction 

(A. Rubbino) 

The Mg( He,a) reaction has been studied at E = (4+6 MeV for 
H e 

the a , a , a , a and a groups. The excitation functions were 

measured in steps of 50 KeV with He energy resolution better 

than 25 KeV and at the angles between 15° and 165° in steps of 

7.5°. 

The data have been analyzed on the basis of statistical fluctua

tion theory, obtaining information on some nuclear parameters. 

Methods of statistical mathematics not so far utilized on the 

fluctuation analysis have been used in order to evaluate the 

compound-nucleus contribution in the presence of large direct 

effects [4] . 

5. Experimental and calculated energy spectra of standard neutron 

sources 

(S. Notarrigo, F. Porto, A. Rubbino, S. Sambataro) 

The Am-Be neutron spectrum has been measured with a particular 

neutron spectrometer. The spectrum has also been calculated 

... taking into account the anysotropy in the angular distributions 
9 of neutrons from the Be(a,n) reaction. 

A very good agreement has been found between the measured and 

calculated spectra, also as the detailed structures are concern

ed. 

A comparison is also made between experimental data and differ

ent calculated spectra for the Pu-Be sources L5J -
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1.6. Fresnel diffraction patterns in the Mg( He,a) Mg reaction 

at 5 MeV, analyzed by.the methods of complex angular momenta 

and compared with DVBA 

(S. Notarrigo, A. Rubbino, S. Sambataro, D. Zubke) 

O K T O K 

Differential cross-sections for the Mg( He,a) Mg reaction 

have been measured in the energy range 4+6 MeV of the incident 

beam, in steps of 50 KeV, for 5<* groups leading to the lowest 

levels of the residual nucleus. The data are compared with 

DWBA calculations but no good fit has been obtained. 

By methods of complex angular momenta a diffraction formula has 

been derived which fits nicely the' experimental data. The 

diffraction formula has been compared with the DWBA calculations 

by numerical experiments [s] . 

i 29 30 
¡1.7. Si(d,p) Si reaction 

(G. Calvi, S. Cavallaro, A.S. Figuera, M. Sandoli) 

29 30 
The Si(d,p) Si reaction has been studied in the 1-2 MeV deu-

teron energy range in order to obtain some information on the 

reaction mechanism by measuring the excitation functions and 

the angular distributions for some proton groups. 

From the experimental data it can be suggested that in the inve_s 

tigated energy range the statistical mechanism contributes signi 

f icantly [7] . 

2.1. Theoretical research work on nuclear structure and reactions 

2.2. Particle-hole excitations with a complete single-particle basis 

II. Scattering amplitudes and resonances 

(A. Agodi, F. Catara, M. Di Toro) 

An analysis is reported of the- continuous spectrum of the parti

cle hole Hamiltonian whose point spectrum was investigated in a 

previous paper. 
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The scattering amplitudes have been calculated in the space of 
1 6 

all particle-hole states constructed upon the 0 shell model 

ground state, in the 1 ,2 , and'3 channels with T = 1, corre-
1 5 

spending to elastic and inelastic scattering of neutrons on N, 

up to 10 MeV incident energy. The opening of the inelastic chan 

neis is properly taken into account. 

A complete nonredundant basis of p-h states has been used such 

that the Hartree-Fock scattering is a sort of "orthogonality-

-scattering". It turns out that this orthogonality scattering 

appears as a reasonable approximation to the "optical model" 

scattering as determined with "ad hoc" choice of a single-part_i 

cle potential. 

The resonances have been directly determined from the spectral 

function of the total Hamiltonian by studying the behaviour o£ 

its resolvent, reduced in the subspace of the TD states, at ener 

gy values above the continuum threshold E , i.e., with a meth

od strictly analogous to that employed to get the point spectrum 

below E c 

It is shown that to describe the structure of the nuclear sys

tem at a single resonance a single TD state is insufficient and 

one needs not only (as obvious) the scattering states, but also 

the other (and possibly all) TD states [8] . 

Analitic properties of a class of nonlocal introductions. I* 

(D. Gutkowski, A. Scalia) 

The analytic properties of the functions S(k) for a class of 

non local interactions are studied in the complex k (wavenumber 

plane. 

The interactions considered are given in the momentum represen

tation by 

<p|v|p'> = - 4 ^ ¿ L_ L_'g¿ (P)giî(p')^(p)^*(p') 
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where X is a real number, L and I. natural numbers. 
I 

The g.p(.p)- satisfy the following conditions: 

a) they are nonsingular and real for real p ; 

b) there exists a unique analytic continuation for every 

g..(p) into the complex p plane, apart from isolated sin-• 

gularities, and such a continuation is an even meromorphi 

function of p ; 

V 
where C is the half-circle having centre in the origin 

and radius P , lying in the upper half-plane. 

It is shown that a function D»(k) exists which is meromorphic 
in the k-plane and such that . /,> r D„(k) 

s. U) % 
r ' D&(-k) 

Characteristic conditions for the existence of bound and virtual 

states are given. It is shown that poles analogous to the "Ma" 

ones can exist, and that poles for positive values of k can 

also exist. 

The results are compared with those of the local interactions. 

Two specific examples of interactions of the considered class 

are. discussed [9] . 

Analitic properties of a class of nonlocal interactions. II" 

(D. Gutkowski, A. Scalia) 

A definition is given for the function S* (k) in the complex 

C-plane for the class of nonlocal interactions considered in 

the previous paper I . With the given definition S*(k) turns 

to be an analytic function in the complex t-plane,,but for a 

finite number of poles . 

Some general properties of the Regge trajectories are discussed 

and compared with those of the local interactions. Specific 

examples of Regge trajectories are given [10J • 
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The role of unitarity in diffractional reactions 

(G. Schiffrer) 

A diffractional reaction is defined by requiring that in its 

angular distribution the interference term between any pair of 

partial wave amplitudes of fixed modulus and given angular mo

mentum is maximum. Some sufficient conditions for a binary 

reaction involving spinless particles to be diffractional are 

given, using only unitarity and symmetry of the S-matrix. One 

of these.conditions is satisfied if a suitably defined strong 

absorption holds in the initial and in the final channel and if 

the partial reaction cross-sections are equal in both channels 

for each angular momentum. The cases of diffractional reactions 

involving non vanishing spins and of a reaction between spinless 

heavy ions are briefly discussed and tests for diffraction are 

proposed [11J . 
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I. GRUPPO DI ISPRA PER LE MISUREDI SEZIONI D'URTO DEL C.N.E.N., 

ISPRA (VÁRESE), (ITALY) 

Spin assignment of neutron resonances 

(C. Coceva, F. Corvi, P. Giacobbe, M. Stefanon) 

Measurements have been continued at the Linac of CBNM Euratom, 

Geel (Belgium). An account of these experiments is given in 

the chapter of CBNM activities. 

Numerical simulation of the y-ray cascade 

(P. Giacobbe, M. Stefanon, G. Dellacasa) 

This work has been published as CNEN report RT/FI(68)20. 

Gamma-ray spectra from resonance-neutron capture 

(C. Coceva, F. Corvi, P. Giacobbe, M. Stefanon) 

These measurements were set up at the Linac of CBNM Euratom, 

Geel (Belgium), within an Euratom-CNEN co-operation programme 

for nuclear data measurements. 

An account of these experiments is given in the chapter of CBNM 

activities. 
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XI II'. GRUPPO DI RICERCA I. N.F.N. DELLE BASSE ENERGIE DELL' ISTITUTO DI 
I . , . 
' FÍSICA NUCLEARE DELL'UNIVERSITA', PAVÍA (ITALY) 

In the course of this year the low-energy group of the Nuclear 

Physics Institute of the University of Pavia has performed the 

following experiments: 

a) A total reflecting conical tube with an internal optical 

surface has been realized in order to collimate a neutron 

beam to be used in beam-hole fission experiments [1 ~\ . 

The gain in the current density; and the thermal spectrum 

enrichment have been calculated in the used geometrical 

arrangement. The calculated data have been checked exper

imentally and the collimator surface reflectivity of about 

0.6 has been evaluated. The thermal spectrum of the total 

neutrons emerging from the conical tube assumes such a be

haviour that the average cross section for 1/v target is 

about the double of that relative to the thermal Maxwell 

distribution with no reflected neutrons. 

b) By using the identification technique described in the pre

vious report, the various light charged particles emitted 
OO O 

in the neutron-fission of U \_2 ] have been detected. 

The identified particles are the isotopes of Hydrogen, 

He 
8. 

0 *\ % f\ 
Helium, Lithium and Beryllium. The yield of H, H, He, He, 

He, Li and Be relative to the long-range alpha particles 

emission and the experimental data of the gaussian fits of 

the energetic distributions of H, He, He, He are report

ed in Table I. . 

c) Because of the instrumentation improvement we were enabled 

to obtain more accurate data concerning the emission of 

long-range alpha particles and light nuclei in the fission 

of Pu . We have then repeated the experiment [3] which 
3 

succeeded in obtaining the whole energetic spectra of H, 
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3 4 6 . . 
He, He, He and the relative yields. The resulting data 
are summarized in Table I. 
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Table I - Yields and energies of light nuclei emitted in the fission of U and Pu. 
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XIV. GRUPPO DI RICERCA INFN - ISTITUTO DI FÍSICA DELL'UNIVERSITA', 

PAPOVA (ITALY) 

3 25 26 
1. Analysis of ( He,a) reactions on Mg and Mg at 5.50 MeV 

(S. Galassini, F. Pellegrini - Nuovo Cimento _53B (1968) 188) 

3 
An analysis of the experimental results obtained by ( He,a) re-

25 26 

actions on Mg and Mg nuclei has been performed at an inci

dent energy of 5.50 MeV. The experimental results have been 

compared with the prediction of the. Hauser and Feshbach theory . 

and of a direct interaction pick-up process. The analysis has 

established that these reactions proceed dominantly through a 

compound nucleus mechanism. 

Good agreement has been found between theory and experiment for 
2 

a value of the spin cut off parameter cr =2 . The inertial mo
menta thus derived are 3( Si)=0.34-3 . andj( Si)=0.29J . . 

rig rig 

6 . 
2. About the momentum distribution of nucléon pairs m the Li and 

7 Li ground states obtained by nuclear absorption of slow pions 

(F. Pellegrini - Nuovo Cimento _54B (1968) 335) 

The momentum distribution of nucleón pairs emitted in (TÏ , 2n) 

reactions on Li and Li reflects the total momentum distribution 

of the original nucleón pairs in target nuclei. Simple shell 

model predictions are in agreement with the experimental results 

of Davies, Muirhead and. Woulds (Nucl. Phys. 78 (1966) 633). 

45 44 / 45 

3. Level structure of Ca from the Ca(d,py) Ca reaction 

(F. Braridolini, L. El Nadi, I. Filosofo, F. Pellegrini and 

C. Signorini - Nuovo Cimento _56B (1969) 137) 
44 45 

Gamma radiation studies from the Ca(d,py) Ca reaction, ob
served at a deuteron bombarding energy of 5 MeV, have establish-

45 
ed that the 1.90 MeV and the 1.43 MeV states of Ca have both 

71 3~ 

angular momentum j = - . The 1.90 MeV level is shown to de-

-excite with a relative intensity of 12% to the 1.43 MeV state. 
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of 68% to the 0.176 MeV state and of 20% to the ground state. 

The 1.43 MeV level is shown to de-excite with a relative inten

sity of 70% to the 0.176 MeV state and of 30% to the ground 
45 

state. In addition, for the transition to the. 1.90 MeV of Ca 

it has been measured the (p-y) angular correlation, in the reac 

tion plane, with the proton counter on the peak of the stripping 

curve' at 25°. The observed gamma angular correlation and the 

corresponding axis of symmetry are in agreement with the predic

tions of D.W.B.A. theory. Finally, experimental values of the 

multipole-mixing parameter ô were deduced and the experimental 

branching ratios were compared with the predictions of the shell-

-mpdel theory. Satisfactory agreement between experiment and 

theory is obtained assuming an effective neutron charge of 0.6e. 

Study of the (d,p) reaction on Ti and Ti nuclei 

(K. Grotowski, A. Jasielska, T. Panek, F. Pellegrini and 

S. Wiktor - Acta Physics Polonica 34 (1968) 939) 

48 49 50 51 
Proton spectra from Ti(d,p) Ti and Ti(d,p) Ti reactions 

at incident deuteron energy of 12.9 MeV were measured in wide 

range of angles. Six proton groups leading to: ground, 1.38, 
49 

1.72, 2.50, 3.26 and 3.80 MeV states of Ti nucleus, and two 
' 5 1 proton groups leading to: ground and 1.16 MeV states of Ti 

nucleus were taken for the analysis of angular distributions. 

The distorted wave, zero range Born approximation method was 

applied and the v -values as well as spectroscopic factors 

corresponding to different transitions were obtained. Four 

different sets of parameters of the deuteron optical potential 

were used in the D.W.B.A. analysis and their influence on the 

shape of angular distributions and the magnitude of spectrosco

pic factors was investigated. 

These potentials only, which have the depth of the real potential 

not lower than about 100 MeV, appeared to be acceptable. In . 

measured angular distributions noticeable effects due to differ-
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ent coupling of spin and orbital angular momentum of transferred 

neutron were observed. The differences in shapes of angular dis_ 

tributions caused by that effect were related to the polarization 

of protons scattered elastically on Ti nuclei. 
i 

12 
Elastic and inelastic scattering of fast neutron from C 

(U. Fasoli, D. Toniolo and G. Zago) 

A measurement has been performed of 50 angular distributions of 
12 

elastic and inelastic scattering of neutron from C in the 

energy interval 2.5+8.5 MeV. The time of flight technique has 

been used in conjunction with a PDP8 computer "on line". 

The calculations of the angular distribution coefficients and 

of the phase shifts are in progress. 

The polarization induced by the scattering at 2.4 MeV and 50° 

has been obtained by a double scattering experiment. 

Gamma rays produced in (n;n'Y) reactions 

(F. Demanins and G. Nardelli) 

Cross-sections for the productions of gamma rays by inelastic 

neutron scattering from Na,Cr,Fe,Ni and Cu have been measured 

for incident neutron energies from 1 MeV to 4 MeV. 

Relative angular distributions for 30 gamma rays produced by 

the (n;n'y) reaction in Na23,Cr50,Cr52,Cr53,Cr54,Fe56,Ni5 ,Ni60, 

Cu and Cu were measured over the same energy range and 

compared with the theoretical predictions of the Satchler for

malism using the neutron penetrabilities of Perey-Buck and 

Bjorklund-Fernbach. The calculated relative angular distri

butions are in agreement with the experimental values. 

For incident neutron energies from 1 MeV to 2.5 MeV the calcula

ted cross sections are larger than the experimental values. 

In most cases the calculated cross sections based"on the Moldauer 

theory are in better agreement with the experimental ones than 

those of the Hauser-Feshbach calculations. 
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SQTTOSEZIONE DI FIRENZE DELL'ISTITUTO NAZIONALE DI FÍSICA NU-

CLEARE - ISTITUTO DI FÍSICA DELL'UNIVERSITA', FIRENZE (ITALY) 

The main activity of this group concerns-yray spectroscopy with 

the aid of solid state detectors: 

45 
Level scheme of Sc 

(*) (P. Blasi, P.R. Maurenzig, R.A. Ricci , N. Taccetti) 

45 The reaction Sc(p,p'Y) has been studied making use for the 
3 detection of Y-rays of a 5 cm Germanium detector at the 5.5 

MeV Van de Graaff accelerator in Legnaro (Padua). From the y 

spectra obtained at proton energies variable from 1.5 MeV to 

3.9 MeV and from measurements of y~Y coincidence carried out 

by a Germanium detector and a Nal(Tl) detector we obtained the 

45 

decay scheme of the Sc levels up to about 2.0 MeV of excita

tion energy. Particularly we have pointed out new transitions 

and measured the relative intensities of the Y'S arising from 

the decay of the various levels. The data we obtained together 

with the ones already known allowed us" also to make a selection 

for the position spins of each level. -Particularly it has been 

pointed out a series of spin 3/2 + ,5/2 + ,7/2 + ,9/2 + ,1l/2+ levels, 

which may be understood as a band constructed on a void basis 

in the layer (2s1d). 

Levels of 3°V 

(P. Blasi, P.R. Maurenzig, N. Taccetti') 

The Ti(p,nY) V reaction has been studied with the proton 

beam of the 5.5 MeV Van de Graaff accelerator of the University 

(*) 
Instituteof Physics, University of Padua 
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3. 

of Padua, at energies from 3 to 4 MeV. The gamma analysis was 

performed by means of Germanium detectors. In particular to 

detect Y rays of low energy (E <50 keV), use has been made of 
3 

a 5 cm detector prepared by the Solid State Group of the C.N.R. 

in Florence and assembled in such a way as to allow the gamma 

to enter from a lateral face of the detector, considerably in

creasing thus the efficience for low-energy gamma rays. From 

gamma spectra, from y-Y coincidence measurements between a 

Germanium detector and a Nal(Tl) detector, and from efficience 
50 

measurements, the scheme of the V levels has been determined 

up to 388 keV of excitation energy. The fact that only transi

tions among the contiguous levels are present has allowed to de 

fine the probable spins of such levels that is 6+,5+,4+,3+,2+ 

respectively for the fundamental state and for the levels at 

226, 320, 355, 388 keV. This decay scheme seems to be in good 
3 — 1 agreement with the theoretical previsions of a pure (f ) (f ) 

2 2 
model. Noteworthy is the fact that in this case, at variance 

from what generally happens in the f shell, there are no states 

2 
present (at low energy) which are due to configurations of dif
ferent type. 

29 30 
Half-life measurements in P and p 

(P.G. Bizzeti, A.M. Bizzeti-Sona, A. Cambi, P. Maurenzig, C. Si_ 
• .(*h gnorini ) 

The Si(p,y) P and Si(p,Y) P reactions have been used 
29 30 

to determine the half-lives of some levels in P and P with 

the attenuated Doppler shift method. The measurements have 

been made at the Van de Graaff accelerator in Legnaro (Padua), 

(*) 
Institute of Physics, University of Padua 
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3 
using a 5 cm Germanium detector of 3-5 keV resolution (at E = 

29 
= 1 MeV). The half-life of the first excited level of P re-

—13 
suits to be T=(1.6±0.3).10 s ; the intensity of the Ml tran 

sition towards the fundamental level is then B(M1)~0.07 V.U. 
29 

comparable to that of the correspondent transition in Si. 
30 

About the measurements in P, still in course, we report a 

preliminary value for the half-life of the 2~ level at 4.14 MeV, 
—13 T~(0.29±0.12).10 s ; the corresponding intensities B(El) for 

the transitions to the ground level and to the 1 level at 
-4 -4 

709 keV are respectively a~2.4 10 W.U. and a«0.6 10 V.U.-

49 Level scheme of V 
, . . . ( * ) " 

(P. Blasi, P. Maurenzig, R.A. Ricci , N. Taccetti) 
49 / 49 A previous study of the Ti(p,ny) V reaction concerning the 

4P 

V levels up to 1155 keV has allowed us to identify.two levels 

of positive parity:, one at 748 keV of spin 3/2, the other at 

1141 MeV, .the former interpretable as a hole state in the (ld2s) 

layer, the latter (of probable spin 5/2) of more difficult attri 

bution. To get further information we have carried on the study 
49 / 49 of the Ti(p,nY) V reaction with protons of energy up to 

3.6 MeV. From the gamma spectra obtained by Germanium detec

tors, from gamma-gamma coincidences with Germanium and Nal(Tl) 

counters and from yield measurements we have reconstructed the 

49 

scheme of the V levels up to a l664keV energy. From the in

tensity ratios of the various y transitions we get that, among 

others, there is a 1604 keV level which has positive parity and 

that the more probable spins for the 1141 keV and 1604 keV lev

els are 5/2 and 7/2 respectively. This seems to indicate that 

the three levels with positive parity are the first three mem

bers of a band made on a hole state of the (ld2s) layer, analo-
45 • 43 gously to what happens in Sc and in Sc. 

(*) 
Institute of Physics, University of Padua 
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143 5» Low-lying levels in Pm 
/ • • • • ( * ) 

(P. Blasi, M. Bocciolim , P. Sona, N. Taccetti) 
143 Gamma transitions between low-lying levels of Pm populated 

143 
in the decay of Sm have been investigated by means of lith
ium drifted germanium detectors. Gamma-rays of 273, 1056, 

1173, 1243, 1403, 1516, 1545 keV have been detected; log ft 
143 values, levels and spins of Pm have been deduced from inten 

sity ratios and coincidence measurements. Evidence for the ex 
7 

istence of a 273 keV level which is the — predicted by the 

pairing plus quadrupole force theory of Kisslinger and Sorensen 
143 143 

comes out particularly strong from the analysis of Nd(p,ny) P 

reaction data. 

(*) 
I.N.F.N., Florence subsection 
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GRUPPO DI RÍCERCA DEL CONTRATTO EURATOM-CNEN-INFN - ISTITUTO DI 

FÍSICA DELL'UNIVERSITA*, BOLOGNA (ITALY) 

Preliminary experimental result on the mean lifetime of the 
1 ft 

10.94 MeV state of 0 

(*) (I. Filosofo , E. Fuschmi, C. Maroni, A. Uguzzoni, E. Veron-

dini) 

As known, parity-mixing in nuclear states can be experimental

ly tested by looking for Y-decays of unnatural parity states in 

1 f¡ 

0 , which are forbidden by parity selection rule. Specifical

ly, these states have excitation energies of 8.88, 10.94 and 

11.06 MeV respectively, as shown in Fig. 1. Among these levels 

the 10.94 MeV one has been shown [l] to be the most suitable for 

achieving the best sensitivity in the determination of the par

ity-mixing coefficient F . In a previous paper [2] an experi

mental method to measure F in this state was proposed, but 

the feasibility of such an experiment is strongly dependent on 

the value of the (not yet measured) mean life of the level. 
This note reports a preliminary experimental result about the 

1 ft 
mean life of the 10.94 MeV level of 0 . 

In the experiment, the 3.82 MeV Y-ray spectra from 10.94 MeV 
1 fi 

level are recorded when the 0 ion decays (a) in vacuum, and 

(b) in a stopping material. It is known [_3J that» in order to 

derive the Doppler shift attenuation from recorded spectra, 

many corrections must be performed to take into account geomet

rical effects, finite thickness of the TaN layers, non-linear 

effects in the ion energy loss, and electronics instabilities. 

The last effect is particularly important especially when (as 

in our case) the spectra in situations (a) and (b) are not si-

Institute of Physics, University of Padua 
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multaneously recorded. However, it is easy to see that elec

tronic fluctuations can be corrected in a very simple way by 

recording y-rays from a level of known meanlife (reference lev 

el) simultaneously with those of interest, both in cases (a) 

and (b). In our experiment, the reference level is the 8.88 

MeV state whose dominant decay way is via emission of a 2.85 

MeV y-ray. 

The meanlife of this state is T 0 QO=(1.92±0.29)x1o"~ sec Tsl. 
16 o.oo •-

The states of 0 are excited by the reaction 
He + N —«» p + 0 , 
3 

induced by the 4 MeV He beam of the Legnaro Van de Graaff, im
pinging on a TaN target (1000 A°thick). During the run, two 
different targets are alternated: in the first one (thick tar-

(*) get) the TaN was sputtered on a Ni backing 1 mm thick ; in-

the second one (thin target) the TaN was sputtered on a Ni back 
3 ing 0.5 (i thick. With the thick target the He beam impings on 

TaN directly, whereas with the thin target it passes through 

the backing (in this case the beam energy is obviously increased 

to compensate the slight energy loss in the backing). Fig. 2 
16 

shows the experimental set-up. One can discriminate the 0 

levels of interest by setting appropriate discriminator bias on 

the spectrum of the protons detected by the anular solid state 

detector. Fig. 3 shows a typical proton spectrum. The spectra 

of the y-rays in coincidence with the proton group associated 

with the 8.88 and 10.94 MeV levels are recorded simultaneously 

in two 512-channel analyzers. Fig. 4 shows a simplified block-

diagram of the electronics and Fig. 5 two typical y-rays coinĉ L 

dence spectra. By assuming the quoted value of TQ QO , our 

experimental results give 

T10 94 = (0.50+0.25)x10"13sec . 

' Kindly prepared by Telettra S.p.A., Milan 
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The quoted standard deviation does not take into account the 

uncertainty on x , which, on the other hand, would in-
o. oo 

crease our experimental error of about 5 per cent only. 

Measurements are in progress both to improve this result and 

to check the quoted value of T Q OQ . 
o • oo 
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16 
O 

O 

1 fi 

1 - Simplified level scheme of 0 . Arrows show 

the y transitions involved in the Doppler 

shift attenuation measurement of the present 

work. 
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Fig. 2 - Experimental set-up of target and counters. 

PD=proton detector (solid state, 800H thick); 
3 

A=20ji Al absorber to stop He elastically 

backscattered; T=TaN target; GD=Nal(tl)5Mx5" 

Y-ray detector. 
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Fig. 4 - Schematic block-diagram of electronics. S.C.A. 

are single channel analyzers selecting proton 

peaks from 8.88 and 10.94. MeV 0 levels respec

tively; L.G. aré linear gates triggered by slow 

coincidences. 
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y-rays from 10.94 MeV level of 016. 
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BOLOGNA (ITALY) 

1J1. Theoretical calculations, of neutron elastic and inelastic 

scattering cross sections 

i 165 (*) 

IJ 2. Scattering of 3, 4.3, 6 and 7.5 MeV neutrons from Ho 

(U. Fasoliv , P. Sambo , T. Toniolov , G. Zago , 

L. Zuffi) 
Total cross sections and differential cross.sections for both 

elastic and inelastic neutron scattering have been measured for 
165 

Ho target at the incident energies of 3, 4.3, 6 and 7.5 MeV. 

The experimental data have been analyzed in terms of a general

ized optical model with the coupled-channel method [l]. 

Ho has been considered an axially symmetric rigid rotor and 

the parameter values (Tab. I) of the interaction potential, 

obtained by fitting the angular distributions (Fig. 3) seem to 

give a good agreement for <TT(E) and for a „ D I M E 3 ] M L$] 

too (Tab. II). 

3. Coupled channel calculation of elastic and inelastic scattering 
25 

of 17.5:MeV protons by Mg 

(P. Ottaviani, L. Zuffi) 

Elastic and inelastic differential cross sections of 17-5 MeV 
25 r i protons scattered by Mg |_6J have been analyzed in terms of 

coupled channel calculation [7]. 
25 

The low-lying excited states of Mg are considered as belonging 

to two rotational bands practically independent with K=5/2 

(*) 
Work performed under the CNEN-University of Padua Contract 

(**) 
INFN Group, Institute of Physics, University of Padua 
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(ground s t a t e band) and K=l/2 [ 6 ] (Fig. 1) . 

The nucleus is successfully described by an even-even axially-

-symmetric inert core plus a nucleón which can be in a set of 

single particle levels all of which 'are eigenfunctions of a 

spheroidal Hamiltonian [8]. 

Then the direct interaction is described by a non central macro 

scopic optical potential plus a microscopic particle-odd nucleón 

interaction which allows the transitions of the last one to 

different single particle states. 

The effective nucleón-nucleón interaction used is a real local 

central potential of Gaussian shape. 

The agreement between theory and experimental data seems to be 

satisfactory (Fig. 2). 

1.4. Elastic and inelastic scattering of neutrons by Sodium at 1. 51 , 
(*) 2.47; 4.04 and 6.40 MeV v ' . " 

(V. Benzi, U. Fasoli , D. Toniolo , G. Zago ) 

The analysis of experimental data has been completed (see 

EANDC(E)89"U'\ p. 112)'. In tables III and IV the various total 

cross sections are given, whereas Table V gives the coefficients 

of the Legendre polynomial expansion 

<*(*) = L a. P. (cos •) 

The theoretical analysis was performed in the framework of the 

generalized adiabatic optical model, assuming a deformation 

parameter B = 0.45. 

The optical potential was assumed to be of Buck-Perey type, 

with the following values of the parameters 

Work performed under the CNEN-University of Padua Contract 

INFN Group, Institute of Physics, University of Padua 
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V = 4 9 . 3 - 0 . 3 3 E MeV 

W = .0 

a 

WD = 5.7 5 

V 
- 1 3 

= 0 .65x10 cm 
SO 

= 3 . 0 

MeV 

MeV 

1/3 - 1 3 
R = 1.25A . 1 0 cm 

ao 

- 1 3 
b = 0 . 3 5 x 1 0 cm 

1/3 - 1 3 
Ru = 1.25A ' . 1 0 cm 

DO 

where E is the neutron energy in the cm. system and A is 

the mass number of the target. These parameters are very simi

lar to those cbtained by Agee and Rosen from a systematic analy_ 

sis using a spherical optical model. 

A detailed paper will soon appear in Nuclear Physics (1969). 

Photoreaction calculations in the giant resonance energy region 

for doubly closed shell light nuclei 

A detailed analysis of dipole photoreaction cross-sections of 
1 O Ù.Ç\ O ft 

C, Ca and Si has been performed in the frame of the one 

particle-one hole continuum approximation by means of the 

coupled-channel method [9j,[jo]. 

The mixing between proton and neutron channels -has been taken 

into account. 

The results have been compared with the experimental data and 

with those obtained from previous bound state shell-model calcu 

lations. 
16 

The structure of the giant resonance of 0 has been studied 
1 f¡ 

and the 0 photoemission cross-sections calculated with the 

coupled-channel method have been compared with the results 

obtained from the eigenchannel reaction theory, assuming the 

same set of parameter values. 
1 6 

The analysis has confirmed that the fine structure of the 0 

giant resonance cannot be explained in the frame of the one 

particle-one hole approximation and that spurious peaks are 

obtained from the eigenchannel method (j l] . 
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Collective and direct radiative captures 

Fast nucléon radiative capture 

The interference term between direct and collective dipole radia 

tive capture of nucléons by nuclei has been obtained [12] . 

The cross-section has been written in a Breit-Wigner form as a 

sum of three terms: direct capture, collective or "resonant" 

capture and interference term. The nucleón capture cross-sectior 
c 130m 142^ , 208„. , . , n' , 
for Te, Ce and Pb have been calculated. 

A systematic analysis has been carried out to test the validity 

of the direct and collective mechanism for the neutron radiative 

capture by nuclei in a wide range of mass number [13] . It has 

been found that the two processes can reasonably explain the 

experimental (n,y) cross-sections of heavy nuclei (A >40) with 

magic or near-magic neutron number in the (10+20) MeV neutron 

energy range, while in the (5+10) MeV energy range a contributioi 

from the compound nucleus mechanism is also necessary. The 

results have been obtained by using for all the nuclides the sam< 

set of optical and bound state parameters consistent with experi

mental data. A comparison between experimental and calculated 
55 cross-sections for the Mn(n,y) reaction in the (10+22) MeV 

energy region is given in Fig..14 . 

An attempt has been made to find some regularities which may lea< 

to an empirical expression relating the (n,y) cross-sections to 

some fundamental nuclear characteristics [l4J. 

The cross-section for the quadrupole radiative capture of núcleo] 

by nuclei via direct mechanism has been given Ql5j. 
142 

The Ce(p,y) reaction is investigated in the (l0+50)MeV energy 

range (Fig. 15). It has been shown that for proton energies 

above 20 MeV the quadrupole contribution to the cross-section ma; 

be of the same order of magnitude as the dipole one. 



- 113 -

References 

[i] T. Tamura - Rev. Mod. Phys. 37 (1965) 679. 

[2] R. Wagner, P.D. Miller and T. Tamura - Phys. Rev. 29B (1965) 

139. 

[3] H. Marshak, A.C.B. Richardson and T. Tamura - Phys.. Rev. 

150 (1966) 996. 

[4] T.R. Fisher, R.S. Safrata, E.G. Shelley, J. McCarty, 

S.M. Austin and R.C. Barret - Phys. Rev. 157 (1967) 1149. 

[5] H. Marshak, A. Langsford, C.Y. Wong and T. Tamura - Phys.',. 

Rev. Lett. 20 (1968) 554. 

[ô] G. M. Crawley and G. T. Garvey- Phys. Rev. U>7 (1968) 1070. 

[7] T. Tamura - Rev. Mod. Phys. 3_7 0 965) 679. 

[8] Í. Kelson and C.A. Levinson - Phys. Rev. _1_H (1964) 269. 

G. Ripka - in "Advances in Nuclear Physics" (M. Baranger 

and E. Vogt eds.) Plenum Press - New York (1968). 

[[9] M. Marangoni and A.M. Saruis - Report CEA, Dph-T/Doc/68-54/ 

AMS/fl (1968). 

|joJ M. Marangoni and A.M. Saruis - Report CEA, Dph-T/Doc/68-59/ 

AMS/AN (1968). 

[Ï1J A.M. Saruis and M. Marangoni - Report CEA., Dph-T/Doc/AMS/AN/ 

62-28 (1968). 

[12] G. Longo and F. Saporetti - "II Nuovo Cimento", _5_6B (1968) 

264. 

[13] G. Longo and F. Saporetti - LIV Congresso S.I.F., Roma, 

28 oct.-3 nov. 1968. ' . 

[14] G. Longo and F. Saporetti - CNEN-Report, RT/Fl(68)42. 

[15] G. Longo and F. Saporetti - CNEN-Report, RT/Fl(68)50; to be 

published in "II nuovo Cimento". 



- 114 -

Table I - The parameter values of the interaction 

potential. 

3 

3 

4.3 

6 

7 

V 

(MeV) 

46 

46 

4 6 

45.5 

W 

(MeV) 

o
 

o
 

o
 

o
 

WD 
(MeV) 

6 

6.5 

7 

7.5 

V 
so 

(MeV) 

o
 

o
 

o
 

o
 

a 

fermi 

0.58 

0.58 

0.58 

0.58 

b 1 
fermi 

0.40 

0.40 

0.40 

0.40 

R =R 
o o 
fermi 

1.25 

1 .25 

1.25 

1.25 

a 

0.30 

0.30 

0.30 

0.30 
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Table II - Comparison between experimental and theoretical 

a (E) and a of neutron scattered by Ho. 

1 

E (MeV) 

aexp* 
T 
(barns) 

th 
aT 
(barns) 

A(Jexp** 
Dèf 

A ° t h
e Def 

(mb) 

3 

6.25+0.13 

6.26 

72+20 

49.9 

4.3 

5.65+0.12 

5.62 

140+25 

127.4 

6 

5.20+0.10 

5.16 

70+25 

94.1 

7.5 

4.90+0.10 

4.97 

-20+30 

-21.7 

Present work 
*# 

Ref. 5 
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Table III- Experimental cross-sections (barns) for Na at various 

energies for different levels. Errors are estimated to 

be 10+20% (see text). 

Level e n e r g y 
(MeV) 

0 

0 . 4 4 

2 .08 

2 . 3 9 

2 .64+2 .71 

2.9& 

3 .68 

3 . 8 5 

3 .92 

4 . 4 3 

4 . 7 8 

s 5.38 

Neutron energy (MeV) 

1. 51 

2 . 0 0 

0 .60 

j . ., 1 

2 .47 

2 . 7 9 

0 . 6 9 

( 0 . 0 6 ) 

4 . 0 4 6 .40 

1.28 

0 . 3 9 

0 .21 

0 .11 

0 .21 

0 . 1 4 

"N 

J 

not 

obs . 

i 

\ 
> 0 . 9 7 

J 0 . 1 3 

0 . 0 3 

0 . 1 6 

0 . 0 6 

^ 

-> 

, 0 . 18 

0 . 0 4 

0 .07 

n o t o b s . 

: 



Table IV - Comparison between partial, total and theoretical cross-sections (barns) 

Neutron 
Energy 
(MeV) 

1.51 

2.47 

4.04 

6.40 

Experimental 

a 
total 

2.54+0.05 

3.25+0.07 

2.23+0.04 

1.70+0.04 

a 
el 

2.02+0.20 

2.79+0.28 

1.28+0.13 

CT. 
in 

0.60+0.06 

0.75+0.08 

1.06+0.11 

el m 

2.62+0.26 

3.54+0.35 

2.34+0.23 

1.64+0.17 

a + .(Û44) 
el n,nf 

2.62+0.26 

3.48+0.3 5 

1.67+0.17 

0.97+0.10 

; ; 

Theoretical 

a 
total 

2.17 

1.82 

°el 

1.16 

0.79 

a ,+ ,(o.44) 
el n^* 

1 .47 

1.05 



Table V - Legendre polynomial coefficients (cm.) 

(mb/sr) 

Energy 
(MeV) 

1.51 

2 . 4 7 

4 . 0 4 

6 .40 a ) 

a +Aa 
o— o 

1 6 1 . 1 + 1 . 6 

2 2 2 . 1 + 2 , 3 

101 . 5+1 .4 

7 3 . 8 + 0 . 6 

a i ± A a i 

9 2 . 0 + 3 . 0 

2 8 2 . 1 + 5 , 0 

1 4 8 . 4 + 3 . 4 

7 9 . 9 + 1 . 5 

a„+Aa„ 
2 - 2 

5 2 . 0 + 3 . 7 

1 8 3 . 2 + 5 . 4 

1 2 7 . 1 + 4 . 3 

1 1 3 . 4 + 2 . 4 

a3+Aa3 

4 9 . 9 + 4 . 7 

6 1 . 8 + 3 . 8 

1 0 7 . 7 + 2 . 3 

4 - 4 

• ' ; 

1 8 . 8 + 3 . 1 

9 1 . 9 + 2 . 7 
I 

a 5 +Aa 5 

4 3 . 5 + 2 . 0 

a6±Aa6 

' 

2 4 . 6 + 2 . 1 

-(Elastic)+(0.44 MeV inelastic scattering) 
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<ys. 9<z # . [Dala are from C.1M. Crawley and C.T. Carvey, 
2 5 Mg(r ,p ' ) 2 5 M g EP=17.5(MeV) L

p h y 8 . R e V . 1 6 7 , 1 0 7 0 (1968)1 
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Fig. 2 - Comparison between experimental and theoretical 
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angular distributions of proton scattered by 
25. 
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Fig. 3 - Comparison between experimental and theoretical 

angular distributions of neutron scattered by 

Ho. 
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Fig. 5 - Angular distributions of neutrons with incident 
23 

energies E , scattered from Na. The three 

lover curves are relative to the elastic scatter

ing, the fourth curve contains also the contribu

tion of the 0.44 MeV state, not resolved from the 

ground state. The full line curves are Legendre 

polynomial fits. The statistical errors are small, 

er than the diameter of the dots. 
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7 - Comparison between experimental and theoretical 

neutron angular distributions of neutrons scatter 
23 

ed by Na. Curve (a): 4.04 MeV neutron energy; 
curve (b): 6.40 MeV neutron energy. 
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-1J0 

Cos 0 <c.m.) 

- The various components of the theoretical curve for 

neutron scattering at 6.40 MeV. (a): direct inelastic 

scattering from the 0.44 MeV level; (b): compound 

inelastic scattering from the 0.44 MeV level; 

(c): sum of curves (a) and (b); (d): compound elastic 

scattering; (e): shape elastic scattering; (f): sum 

of (d) and (e). 
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Comparison between theory and experiment for the 

angular elastic and 0.44 MeV inelastic scattering 

at 6.40 MeV incident neutron energy. The theore

tical curves are obtained using different spheri

cal optical potentials. 
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10 15 20 25 0 
EjjOvaeV) 

40 
O - Total dipole photoemission cross-section of Ca 

compared with the experimental data. The calcula

tion includes proton and neutron channels. The 

deshed curve corresponds to an absorptive potential 

W = 0. The full curve corresponds to W(MeV)= 

=0.06E (MeV)-0.5. 
Y 
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11 12 13 14 15. 16 17 18 19 20 21 22 23 24 25 

11 - 40, 39, 40, 
Eg(MeV) 

,39. 
Total Ca(Y,p) K and Ca(Y,n)jyCa cross-

-sections calculated with mixing between proton 

and neutron channels'(deshed- curves) and without 

mixing (full curves). 
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Eg(MeV) 

.12 Fig. 12 - Total dipole photoemission cross-section of C 

compared with experimental data. The calculation 

has been performed including both proton and 

neutron channels. The deshed curve corresponds 

to an absorptive potential W=0 . The full curve 

corresponds to W(MeV)=0.12 E (MeV)-l.9. 
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13 - Total dipole photoemission cross-section of 0 , 

computed with the coupled-channel method,compared 

with the results of the eigen-channel method. 

Equivalent sets of parameter values are assumed in 

the two calculations. 
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55 ted cross sections for the Mn(n,v) reaction. 
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XVTTT.GRUPPO PI RICERCA DEL CONTRATTO EURATOM-CNEN-INFN, ISTITUTO PI 

FÍSICA DELL'UNIVERSITA', TORINO (ITALY) 

Photonuclear studies 

Photoneutron in Si and Ni 

The structure of the photo absorption cross section observed in 

the region of the Giant Resonance represents a crucial point 

for theoretical interpretations of photonuclear reactions, and 

the photoneutron cross section represents a good test for the 

theory because the presence of an intermediate structure in the 

photo absorption cross section reveals itself in photoneutron 

experiment. 

We have measured (y,Tn) cross section for Si and Ni. 

In our experiment samples of natural Si and Ni were irradiated 

with the bremsstrahlung beam of the Turin 100 MeV Synchrotron. 

The experimental setup is described in ref. [1,2,3]. 

The yield curves, measured in steps of 2 50 KeV, were analyzed 

with the method proposed by Cook [4]'using S? smoothing matrî  

ces. 

The (y,Tn) cross section for Ni is shown in fig. 1. In the 

same figure the vertical bars represent the dipole strengths 

predicted by theory [5]. As one can see, many of the theoretic 

cal absorption peaks seem to present in the (y>,Tn) cross section 

at the proper-energy values, while the relative dipole strengths 

are not so well reproduced. 

The results for Si are plotted in fig. 2. 

The experimental data in G.R. region were fitted with a super 

position of Lorentz curves thus recognizing the presence of six 

absorption lines between the threshold and 22 MeV. These are 

plotted in fig. 3a. The predictions of DTCM [ô] are also given 

in fig. 3b together with the lines obtained on the basis of a 

p-h calculation (fig. 3c). 
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. |1 . Neutron inelastic scattering from Si 

Inelastic scattering of 14 MeV neutrons from Si has been mea 

sured from 30° to 90° up to 7 MeV excitation energy. 

Angular distribution for 3 level excitation at 6.88 MeV has 

been obtained. At angle greater than 60° excitation of the 3 

non natural parity level at 6.2 MeV has been revealed. 

The values obtained for 3 level are: 

32° 

42° 

53° 

63° 

74° 

84° 

94° 

40' 

58' 

33' 

58' 

20' 

32' 

35' 

4.9 - 0.4 

3.6 Í 0.3 

3.5 i 0.3 

4.2 Í 0.3 

3.3 - 0.2 

3.4 - 0.3 

6.0 - 0.1 
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XIX. SERVICE DES MESURES NEUTRONIQUES FONDAMENTALES - CEA SACLAY (FRANGE) -

R. JOLY 

| GROUPE DES NEUTRONS THERMIQUES (H. NIFENECKER) 

Ce groupe comprend les physiciens suivants : A. Audias, J. Babinet, P. Car

los (jusqu'en octobre 1968), B. Maier (jusqu'en octobre 1968), J. Poitou, 

M. Ribrag, R. Samama, M. Schneeberger, C. Signarbieux. 

Etudes sur la fission -

• 1 • Mpde_¿Yjr^é_trig_ue_dans_Le_ÇA§_d§_la _fissi_ç>n _à_bas_s_e_én_ergj.e_ -

Comme indiqué dans le rapport EANDC (E) - 8 9 , on a repris l 'étude de la f i s -
23 5 2 3 3 2 3 9 

I sion symétrique pour U, U et Pu. Le dépouillement des expériences 

est en cours . 

•!2. Etude_de_La_djstjrijDutj.^^ J.é_-
235 

2§i^s_dans_le£a_s_d^La_tripartitipn_de_ U_Lnduite_£arjieutrons Jejr ts - [l] 

! On a mis en évidence une augmentation de l 'énergie des a et des tritons aux 

peti ts ang le s . La distribution angulaire des tritons est moins anisotrope que 

cel le des a. 

. 3 . Etude de la variation_de_la probabilité jd^éjnj.sjy_oji_dj3_r^xtt^ 

cours,en_fonction de la masse des fragments de_fjj_si_on - (en collaboration 

| avec l 'Université de Bordeaux). 
! 

La méthode de décontamination des spectres de fission était ut i l isée pour 

étudier plus particulièrement les régions symétriques et très asymétr iques . 

Les particules de long parcours étaient détectées par un banc de six dé tec 

teurs Si(Au) . Le dépouillement est en cours . 
i 252 
i 4 . Mes_ure__de_A'j5mi_s_sionji^utroniquej3romp_te_dej_fxa^m^ntj^^J^sjipj}_d_e_. Çf_ 

en fonction de leur charge - (en collaboration avec le CEN de Bruyères le 

Châtel ) . ' • . 

On a mesuré simultanément pour un même fragment : 

- le nombre de neutrons émis à l 'aide d'un détecteur liquide chargé au gado

linium, 

- l 'énergie des rayons X émis grâce à une jonction Si(Li) • les rayons X sont 

caractérist iques de la charge des fragments, 

- l 'énergie cinétique du fragment à l 'aide d'une jonction à barrière de surface. 

On a obtenu ainsi la variation du nombre moyen de neutrons en fonction de la 

charge des fragments. On a pu mettre en évidence une structure fine de cette 

variat ion, mais on n'a pas trouvé d'effet dû à la parité de la charge. On a 
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également obtenu la variation de d Y? /dE en fonction de Z • [2] [ 3j . La 

figure 1 montre les résul ta ts obtenus pour d (X). 

Çal_çul_d_e_r_eff_içacj.té_d_es._sçint_ilíateursJ-ijiyide s__charg_é_s_au_g_adoli nium- [4] 

Un programme de Monte Carlo a été écrit pour simuler des expériences ut i 

l isant des scinti l lateurs liquides chargés au gadolinium dans diverses geo

metr ies . Ce calcul permet d'optimiser la géométrie des détecteurs par rap

port à l ' expér ience. 

Spectroscopie nucléaire à l 'aide du rayonnement de capture de neutrons 

thermiques - [5] [6j 

Le travail fait en 1968 a surtout consis té à améliorer la précision des mesu

res, d 'énergies des raies gamma. Pour ce faire, diverses méthodes ce dépoui 

lement ont été mises au.point et uñe étude détail lée des défauts de linéarité 

des chaînes de détection a été fa i te . 

Développement des instal lat ions expérimentales -

Le groupe disposait en 1967 de deux faisceaux de neutrons thermiques : 

- l 'un obtenu par diffraction d'un faisceau direct sur un monocristal de plom 

Son intensi té es t de 2.1()6 n / c m 2 / s . 

- l 'autre es t un faisceau direct filtré par un monocristal de bismuth et un me 

nocristal de quartz . Son intensité est de 2 .10 8 n / c m ^ / s . Une troisième ins 

tallation a été réal isée en 1968. Elle est identique à la précédente, mais le 

monocristaux sont portés à la température de l 'azote l iquide. Le flux obtenu 

es t de 5 .10 8 n / c m 2 / s . 

Enfin, en collaboration avec le Service de Physique du Solide, on a réal isé 

un tube conducteur de neutrons donnant un flux de 3.10? n / cm2/ s et d'une 

longueur de 30m. Un nouveau tube est en voie d ' instal lat ion sur le même ca 

na l . L'utilisation d'une source froide devrait permettre d'obtenir des flux de 

l'ordre de 2 à 3 .10 8 n / cm2/ s [ 7] 

L'étude d'une installation produisant un faisceau de rayons gamma monochn 

matiques d'énergie variable entre 1 et 7MeV est en cours . Le principe de 

l ' instal la t ion est le même que celui de celle réal isée par KNOWLES sur le 

réacteur NRU de Chalk River. 
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GROUPE DES NEUTRONS INTERMEDIAIRES - (A. MICHAUDON) 

Implantation générale (C. EGGERMANN) 

Cette année , les travaux ont porté principalement sur le dispositif de t é l é 

commande des cibles productrices de neutrons. L'installation de ce d i spos i 

tif est terminée. Après une série d ' e s sa i s pendant la période d'arrêt annuel 

de l 'accélérateur l inéaire , ce dispositif a été mis en service en octobre. 

Une étude es t actuellement en cours pour réal iser un appareillage dest iné 

à la récupération des cibles ayant subi des ava r i e s . 

Le nombre et la disposition des bases de vol sont inchangés par rapport à 

l 'année 1967. 

Electronique. Calculateur CAE 510. Programme de dépouillement et d 'ana

lyse des données (B. CAUVIN, M . SANCHE) [8] 

L'équipement électronique a été complété par l ' instal lat ion d'une 2e chaîne 

d'enregistrement et d 'analyse multiparamétriques à bande magnétique 16 

p is tes d'une part et d'une chaîne de lecture des bandes magnétiques à 16 

p is tes assoc iée au calculateur CAE 510 pour être converties en bandes à 7 

pis tes ut i l isables directement par les calculateurs d'autre par t . 

Le calculateur CAE 510 a fonctionné en ligne pendant toute la durée des 

mesures . Un nouveau programme d'acquisit ion en ligne a été mis en service . . 

Il permet de coupler le calculateur à 6 expériences simultanées dont une 

(qui demande un nombre de canaux égal à 16K) accumule directement dans la 

mémoire centrale du calculateur et les cinq autres dans des blocs-mémoires 

BM 96 à 4K qui servent ainsi d 'extension à la mémoire cen t ra le . Le code 

logique de certains blocs mémoires BM 96 a d 'ai l leurs été modifié pour aug

menter leur capaci té dans le mode d'acquisition en 2 x 4096 canaux. Le 

passage de la logique DCB à la logique binaire a permis d'obtenir un conti- , 

nu maximal de 1024 coups par canal pour les deux sér ies .de 4096 canaux. 

L'acquisition en ligne de l 'expérience principale dans la mémoire du ca lcu

lateur se fait maintenant en mode groupé ce qui permet simultanément l ' u t i 

l isation d'un des programmes secondaires suivants : 

- tracé Calcomp de sér ies quelconques écri tes sur bande magnétique, 

- visualisat ion sur écran cathodique d'une série en cours d'accumulation 

dans la mémoire cen t ra le . 
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Ces programmes secondaires permettent aux physiciens de vérifier immédia

tement leurs résul tats et de procéder à un traitement préliminaire accé lé ré . 

Les programmes de dépouillement sur calculateur IBM 360-75 ont été con

densés ' , vérifiés et écrits sur disques magnétiques stockés près des gros 

calculateurs du C . E . N . Saclay pour permettre leur mise en œuvre prochaine 

par console IBM 1050 située dans le bâtiment de l 'accélérateur l inéa i re . 

La compatibilité des modes d'écriture sur bande magnétique par calculateur 

CAE 510 et 360-75 a été gardée. Ceci nécessi terai t l 'élaboration de sous -

programmes par t icul iers . Le programme de dépouillement de base (SMNF 022 

sur 360-7,5) a été ainsi écrit de manière modulaire pour que toutes les fonc

tions d 'entrées et de sorties multiples des séries résultats soient présentées 

sous forme de sous-programmes ut i l isables facilement par les phys ic iens . 

2 . 3 . Mesures par temps de vol de neutrons -

Les bases de vol ont été u t i l i sées de la façon suivante : 

- Base n° l : Sections efficaces totales - H. Tellier, J. Dabbs*, H. Derrien 

D . Kcenig, C . Newstead, M. Sanche 

- Base n°2 : Anisotropie des fragments de fission - J. Dabbs*, C.Eggermann 

- Base n°3 : Sections efficaces de fission - J. Blons, C.Eggermann 

- Base n°4 : Multiplicité des rayons 7 de capture - M. Asghar, B. Cauvin, 

A. Katsanos, C. Newstead 

- Base n°5 : Sections efficaces de diffusion élastique - J. Trochon 

- Base n°6 : Spectres des rayons 7 de capture - H. Landon**, B. Cauvin, 

A. Lottin, D . Paya 

2 . 3 . 1 . ^§Pli^ns_âÎÎiÇâÇ_eJJ :2^i.eJ ~ 

La plus grande partie de l 'act ivi té a été consacrée à l 'étude des isotopes du 

•'tellure en provenance du Laboratoire National d'Oak Ridge. Les quantités d i s 

ponibles pour chaque échantillon enrichi en un isotope déterminé variaient 

entre 3g (123Te) et 30 grammes. L'enrichissement était de 85% pour le 123xe 

et supérieur à 95% pour les autres isotopes (A=122, 124, 125, 126, 128, 130) 

Les épaisseurs d 'échantil lons étaient comprises entre 0,4 et 4 ,8 grammes par 

. cm2 . Les dis tances de vol étaient de 17 mètres pour 123xe et de 53 mètres 

pour les autres i so topes . La gamme d'énergie étudiée s 'étend jusque vers 

* ) détaché par "Oak Ridge National Laboratory" 

**) détaché par "National Bureau of standards" 



- 143 -

30keV dans les cas les plus favorables. 

Les résul tats ont été obtenus par analyse de forme en uti l isant la formule de 

Breit et Wigner à un niveau, élargie par les différents effets expérimentaux 

(résolution, effet Doppler). 

Ces mesures ont permis d'améliorer considérablement les résul tats antérieurs 

obtenus dans d 'autres laboratoires . 

L'analyse des r é su l t a t s , telle qu'el le a été conduite jusqu'à présent , permet 

d'obtenir la fonction densi té pour les ondes "S" pour tous les isotopes- du t e l 

lure (Tableau I ) . On constate une nette décroissance de " S 0 " en fonction du 

nombre de masse (Fig. 2) en contradiction avec les calculs effectués avec 

différents types de modèle optique. 

Sur la figure 3 , nous avons tracé l'histogramme class ique dans lequel la som

me cumulative 2g 1£ es t portée pour l 'ensemble des résonances de 126xe 

s i tuées en-dessous de l 'énergie E(eV) en fonction de E. La fonction densi té . 
1 9 f\ 

SQ pour l ' isotope Te est déduite directement de la pente de cet histogram

me . 

De p lus , quelques mesures ont été faites sur les éléments suivants : 

- tellure naturel : échantillon épais refroidi à la température de l 'azote l iqui

de ; base de vol de longueur L = 100 mètres ; 

- Thulium,échantillons épais refroidis à la température de l 'azote liquide ; -

base de vol de longueur L = 50 mètres . 

Am^oJ:n^i^_d_e^^m^me_nt¿^e__fis¿ipn Ï9~\ 

Cette étude a consis té dans la mesure de l 'anisotropie des fragments de f i s 

sion lorsque cette dernière est induite par des neutrons de résonances non 

polarisés, ( c ' e s t -à -d i re tels qu ' i l s sont i s sus de la cible, de l 'accélérateur l i -
235 

néaire). dans des noyaux de U a l ignés . 

L'appareillage mis au point par J. Dabbs à Oak Ridge a été transporté à Sac-

lay pour faire cet te mesure dont le but était de déterminer la valeur moyenne 

du nombre quantique K dans les résonances . La mesure a duré environ 220heu-

res avec une base de vol de 5 mètres pour une gamme d'énergie s 'étendant de 

0,3eV à 175eV. La température moyenne du cris tal U02Rb(N03)3 était de o.61°K 

Pour une cinquantaine de résonances si tuées en-dessous de 50eV, la valeur 

effective de K semble distribuée autour d'une valeur intermédiaire (14K<2). 

Au p lus , quelques résonances ont une valeur de K voisine de 0,' contrairement , 

à ce qui peut être déduit d'une théorie .simple des voies de sor t ie . Une petite 
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résonance située à 4,85eV semble avoir nettement la valeur K #^ J . 

Les résul tats sont en cours d ' interprétation. 

^§PlÍons_e_fíi^a_c_e_j_deJis_sjp_n -

L'effort principal a été porté sur la mesure de la section efficace de fission 
239 

de Pu avec un détecteur d'un type nouveau mis au point en 1967. C'est 

un scintil lateur gazeux fonctionnant à la température de l 'azote liquide et 

contenant 1 gramme de Pu 1101 l l l j . Les mesures préliminaires de 

1967 ont été améliorées en 1968 avec une résolution nominale de lns /m (lon

gueur de la base de vol 50m). Le nombre de coups au sommet de la résonan

ce à 75eV est de 6500 par canal de 100ns. La qualité de cette mesure est net 

tement supérieure à celle de mesures similaires effectuées dans d'autres la 

boratoires . L'analyse a permis d'obtenir les résul ta ts suivants : 12 113 

1 - les paramètres des résonances , analysées par le formalisme à un niveau 

jusqu'à une énergie de 440eV ; 

2 - le spin pour une quinzaine de résonances supplémentaires ; 

3 - le coefficient d'autocorrélation qui est nettement différent de zéro, ce 

qui confirme l 'existence d'une structure intermédiaire, interprétée comme 

étant probablement due à la fission en-dessous du seuil dans la voie l+ (Fig, 

On a, par a i l leurs , calculé la section effic-ace moyenne de fission jusqu'à 

25keV. 

Mii í iMíCÍÍá^eS-I^^üA-X^^^aj^ure^ -

La méthode qui consis te à déterminer le spin des résonances par l 'étude de 

la multiplicité des rayons 7 de capture dans ces résonances a été étendue, à 

plusieurs autres noyaux. Pour la première fois , elle a été appliquée à un 

noyau f i ss i le , le U j^l4J . Afin de réduire la contribution des rayons 7 de 

f iss ion, les seuils de discrimination ont été réglés à des valeurs relativeme 

élevées : 4,5MeV pour la voie "simple" et l , lMeV pour la voie "coincidence" 

De p lus , une plaque de plomb d 'épaisseur 1cm a été interposée entre l 'échai 
235 

tillon de U et les cristaux de Nal . Dans ces condit ions, les rapports R 
ainsi obtenus sont nettement séparés en deux groupes pouvant correspondre 

aux valeurs de spin J»* = 3" et JÎ> = 4" (Fig.5 ) . Les résul ta ts sont en bon 

accord avec les spins des deux résonances à 8,8eV et 12,4eV déterminés pa 

une méthode de diffusion élast ique au C . E . N . de Mol . 

Les mesures relatives à d 'autres .noyaux (holmium, iode et antimoine) sont e 

cours de dépouillement. 
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S.ections_ effiça_çe_sji^jUtíy_sÍQP_élastÍfiye. ~ 

Le détecteur ut i l isé pour ces mesures es t composé de 8 cel lules de scint i l la-

teur liquide NE 321 A. (diamètre 47mm, épaisseur 1,5mm) couplées optique--

ment à des photomultiplicateurs EMI 9514 A et 9536. Les impulsions dues aux 

rayons j sont éliminées par discrimination de forme. [15] 

Ce détecteur est instal lé à 32,75m de la cible de l 'accélérateur l inéa i re . Il 

es t entouré d'une épa isse protection en paraffine borée afin de diminuer le 

bruit de fond. 

La principale application de ces mesures es t la détermination du spin des r é 

sonances , lorsqu'i l n ' e s t pas trop é levé . 

Les noyaux suivants ont été étudiés ou sont en cours d'étude : 
i n r i n r 

Te : échantil lon, enrichi en Te, ,d 'épaisseur 0.387 10~^atm/barn et 

0.758 10"3atm/barn ; gamme d'énergie : de 200 à 4000eV ; le spin d'une tren

taine de résonances a pu être a t t r ibué. 

Te : échantillon enrichi en Te, d 'épaisseur 0.967 10"^ atm/barn ; 

gamme d'énergie : de 200 à lOOOeV ; le dépouillement est en cours . 
239 239 

Pu : mesure préliminaire avec un échantillon de Pu, d 'épaisseur 

n = 4.10"4 a tm/barn . La contribution des neutrons de fission es t évaluée en 

ut i l isant des cel lules de scintil lateur liquide NE 213 qui ne contiennent pas 

d e 1 0 B . 

- Les résul tats obtenus en 1967 sur le gadolinium ont été dépouillés et un 

certain nombre de spins ont pu être obtenus : 5 pour Gd et 19 pour Gd. 

Ils sont en excellent accord avec ceux qui ont été déduits de la mesure de la 

multiplicité des rayons 7 . 

S.ES5ÎFS. -d®.?- IçLYon_s_7_ d_e_ ç.ap_ture_ Z^j,ative_-

Un effort important a été fait pour améliorer les conditions de travail , particu

lièrement sur les points suivants : 

- rétablissement des caractér is t iques du détecteur Ge-Li et de l 'électronique 

après la surcharge provoquée par l 'éclair 7 émis à chaque cycle par l ' a c c é l é 

rateur l inéa i re . Dans les conditions usuel les de fonctionnement (L=12m, 1000 

impulsions de 100ns par seconde), cet éclair 7 provoque une dissipation 

d'énergie de quelques centaines de MeV dans le détecteur à chaque impulsion. 

Cette surcharge a été pratiquement éliminée en interposant entre la cible en 

uranium et l 'échanti l lon, contre la c ib le , un écran très épais de plomb. Il 

masque ainsi la partie de la cible qui émet des rayons 7 de freinage, mais 
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l a i s se intacte la plus grande partie du ralentisseur qui émet les neutrons de 

r é sonances . Dans ces condit ions, la contribution de l 'éclair 7 dans le dé 

tecteur a été réduite à quelques MeV, ce qui permet d 'ut i l iser une électroni

que c lass ique à bonne résolut ion. Le gain de la chaîne électronique es t r é 

tabli à sa valeur nominale environ 5 A<s après l 'émission de l 'éclair 7 . A une 

distance de vol de 12 mètres , ce temps correspond à celui de neutrons de , 

30keV. Cette énergie est bien supérieure à celle des résonances dont on étu

die le spectre des rayons 7 de capture . 

- bruit de fond : l ' instal lat ion de nouvelles collimations et de protections en 

bismuth a permis de réduire le bruit de fond et donc d'observer des t rans i 

tions de plus faible in tens i té . 

Les noyaux suivants ont été étudiés : 

- Fer : résonances à 1 .15keV et à 29,2keV de Fe (diode coaxiale Ge-Li de 

30cm3) [l6J 

Dans la première résonance, une raie non primaire de 900keV a été observée 

qui n 'é ta i t pas connue auparavant. Elle a permis d'identifier la cascade de 

6340keV_>900keV aboutissant à l 'é ta t 3/2~ de 366keV dans 5 7 F e . 

Dans la deuxième résonance, bien que la résolution soit sa t i s fa i sante , le 

bruit de fond es t trop important pour que l 'analyse du spectre soit poss ib le . 

- Antimoine.: (détecteur : diode plane Ge-LI de 8cm3 de résolution environ 

3keV à lMeV). 

L'analyse des spectres de rayons 7 dans les résonances s i tuées en-dessous 

de 120eV est en cours . La figure 6 montre le spectre brut tel qu' i l a été ob

servé dans la résonance à 6,24eV de 121sb. 

Analyse des sections efficaces des noyaux f iss i les à l 'a ide d'un formalisme • 

à plusieurs niveaux - (H. DERRIEN) 

Cette étude a été fai te, en part ie , au Laboratoire National d'Oak Ridge avec 
235 

la collaboration de Gérard de Saussure ; les noyaux étudiés sont le U et 
239 235 

le Pu. Pour le U, une courbe théorique a été calculée dans le domaine 

d'énergie allant de 0.1 à lOOeV et s 'adaptant aux sections efficaces totale 

(mesures faites à Saclay), de capture et de fission (mesures faites auprès de 

l 'accélérateur linéaire de RPI). Le formalisme ut i l isé es t celui de D . B . Adler 

239 
et F .T . Adler. Pour le Pu, l 'étude a été faite sur la section efficace to ta
le entre 5 et 160eV sur les courbes expérimentales de Saclay, par l ' u t i l i sa 
tion du même formalisme. On obtient un très bon accord entre la, courbe théo-
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rique et les résul tats expérimentaux ; mais l ' interprétation physique des pa

ramètres es t très difficile, étant donné la complexité de la transformation 

permettant de passer des paramètres du formalisme d'Adler aux paramètres de 

la matrice R (transformation orthogonale diagonalisant la matrice des niveaux 

A). Cette étude peut être néanmoins très utile aux pilologues'. 
239 

L'étude des sections efficaces totale et de fission du Pu (obtenues à Sac-

. lay sur des échantillons refroidis à la température de l 'azote liquide) se pour-^ 

suit actuellement en ut i l isant d 'autres formalismes multiniveaux dérivés de ïé 

théorie de la matrice R : formalisme de Vogt et formalisme de Reich-Moore. . 

Pour ce dernier formalisme, le programme uti l isé emploie la méthode des 

moindres car rés , les dérivées de la fonction théorique, par rapport aux para-, 

mètres des résonances , étant calculées par une méthode numérique. 

Les premiers résul tats sont très encourageants ; en particulier, on confirme 

l 'exis tence d'une seule voie de sortie fission pour l 'é ta t de spin 1 + du noyau 

composé, et deux voies de sortie pour l 'é ta t de spin 0 . 

GROUPE DES NEUTRONS RAPIDES - (J.L. LEROY) 

Les travaux décrits c i -dessous ont été effectués autour du Van de Graaff de 

5MeVde Cadarache, par D . ABRAMSON, A. ARNAUD, J . C . BLUET, P. FAR

DEAU, G. FILIPPI, E. FORT, J. GENTIL, D . HEBERT, J .L . HUET, C . LERIGO-* 

LEUR, J .L . LEROY, I . SZABO. 

Commande de l 'accélérateur et des expériences a s soc iées au moyen d'un 

calculateur électronique -

L 'essent ie l de ce projet était réal isé au début de 1968, et le fonctionnement 

automatique a été largement u t i l i sé . Il a permis d'augmenter le temps d 'u t i l i 

sation des instal lat ions d'un facteur 2 environ. Cette année , quelques com-^ 

mandes supplémentaires ont été r é a l i s é e s . En outre, on s ' es t efforcé d 'amé

liorer la programmation du système pour la rendre plus souple grâce à une. u t i 

l isation plus importante du FORTRAN. Chaque fonction élémentaire de comman

de , de réglage ou d'acquisit ion peut être faite au moyen d'un sous-programme 

écrit en langage Symbol et appelable en FORTRAN. 

Le programme FORTRAN de gestion de l 'expérience se compose donc principa

lement d' instructions d'appel de ces sous-programmes, séparées par des ins-, 

inactions logiques, permettant d'effectuer le choix entre différentes options, 

prévues init ialement. Il comporte également une partie de ca lcul , qui permet 

la réduction des données bru tes . 
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Eventuellement, le programme élabore les nouvelles valeurs des réglages de 

l ' expér ience, en fonction des résultats déjà acqu i s . Au cas où le programme 

est trop encombrant, on peut le séparer en plusieurs tronçons qui sont charg 

et exécutés successivement par le moniteur d'enchaînement de travaux, 

écrit par Mademoiselle BEAUVAL, du DCE/SACLAY. 

L'état actuel du système a été décrit récemment [l7J 

Etude de la réponse.du compteur étalon - (Fig. 7 ) 

•Cet appareil a déjà été décrit ailleurs [is] [l9j 

L'étude expérimentale de la réponse a été poursuivie. 

La valeur absolue de l 'efficacité a été mesurée entre 100 et 500keV, par 

comparaison avec un scintillateur de verre au °Li étalonné par la méthode de 

la particule a s s o c i é e , et en comparant le système avec une cuve de sulfate 

de manganèse ; le schéma de cette dernière expérience est représenté par la 

figure 8 

Entre 2 et 4MeV, la forme de la courbe de réponse a été mesurée en uti l isant 

les propriétés de symétrie de la réaction (d ,d) . A 2,6MeV, la valeur absolue 

de l 'efficacité a été obtenue grâce à un comptage dans un angle solide tíéfin: 

des protons de la réaction D(d,p)T et au rapport des sections efficaces des 

réactions D(d,n)^He et D(d,p)T. Un bref compte-rendu de ces diverses expé' 

r iences a été publié |_19 J . 

Ces mesures ont été poursuivies dans le but d'améliorer la précis ion. Au sta 

de ac tue l , la courbe de réponse es t donnée par la table suivante , à +4% prèi 

Energie (MeV) 

Efficacité 
i . . . 

0.100 

0.139 

0.250 

0.135 

0.500 

0.134 

2.000 

0.133 

2.500 

0.126 

3.000 

0.123 

3.500 

0.113 

4.000 

0.106 

4.300 

0.102 

Et_ude_de_la_seçtion_e.Hi^a_œ_de_lajré_actipn ^Li^nj^lT_ejitre_lJ).0_ et_ 4_0_0_key -

A partir des mesures d'efficacité du scintillateur de verre au °Li, faites par 

la méthode de la particule a s s o c i é e , on peut trouver la section efficace de 

cet te réaction, à condition de connaître le nombre d'atomes de lithium dans 

le scintil lateur et de faire la correction de diffusion multiple. 

Cette dernière correction a été recalculée en tenant compte de la rétrodiffu-

sion par le verre du photomultiplicateur et de la dégradation d'énergie des 

neutrons I 20 . 

Pour vérifier ce ca lcul , on a mesuré le rapport des comptages de deux sc in-

t i l lateurs de formes différentes en fonction de l 'énergie entre 100 et 350keV 
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après correction au moyen des facteurs ca l cu lé s , on obtient une valeur cons 

tante à ±2% p rès . Ce rapport es t égal à 1,4% près à celui des épaisseurs des 

sc in t i l la teurs . 

Le nombre d'atomes de "Li dans un scintil lateur au lithium naturel (NE 901), 

avait été déterminé par une mesure d'absorption totale de neutrons thermiques 

I 21 I ; la valeur trouvée était en bon accord avec les indications données 

par le constructeur. 

Ce scintil lateur était ensuite comparé au scintil lateur NE 905, enrichi au 

6Li, qui sert dans la mesure de particule a s s o c i é e , dans le but de détermi

ner le nombre d'atomes de c e l u i - c i . 

Nous avons découvert récemment que cette comparaison faite avec des neu

trons de 250 keV, était entachée d'une erreur d'environ 20%, car le sc int i l la

teur appauvri compte des neutrons par un autre processus que la réaction 

°Li(n,a)T. Cet effet est négligeable pour les scinti l lateurs enr ichis . L 'expé

rience était faite au faisceau puisé , de façon à éliminer les y émis par la 

cible et les neutrons diffusés. Dans ces condit ions, les valeurs de section 

efficace données en 211 sont trop fortes d'environ 20 - 25%. 

Si l'on admet provisoirement les nombres d'atomes donnés par le construc

teur et en appliquant la correction de diffusion multiple 20 , on trouve, 

pour la section efficace de la réaction °Li(n,a)T, les valeurs données par 

la figure 9 . 

On peut voir, pour les énergies supérieures à 25 0 keV que nos résul tats se 

rapprochent beaucoup plus de ceux de SCHWARTZ que de ceux de GABBARD 

etBAME. 

Mesura àeX^n.^l\9R^UiP3Q.^Û.^U§.^QJQ^^^Ï^—l2^^l3ZQ-^y—~ | 2 2j 

Cette mesure a été faite en 1967, mais n 'avait pas été publiée, car la c a l i 

bration du détecteur de neutrons ne nous paraissai t pas suffisamment a s s u 

r é e . La figure 10 donne les résul ta ts de cette mesure qui se rapprochent 

plus des résultats de WHITE que de ceux de ALLEN et FERGUSSON. 

Mj:s_uje_já£S_¿ij3triJ^ü - I 23 I 

Le dispositif de mesure a déjà été décrit [24"] . 

Les résul tats sont donnés par la figure 11 . Ils sont en bon accord avec les 

résul ta ts obtenus à Geel par COPPOLA et KNITTER. 
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4 . ' . GROUPE "EVALUATION" - (P. RIBON, J .P . L'HERITEAU) 

A la demande des physiciens des réacteurs , des act ivi tés concernant l ' éva

luation des données neutroniques ont débuté au sein du SMNF à la fin de 196] 

Durant cette première année , un effort important a été consacré à la mise au 

point de programmes concernant le traitement de l'information, principale

ment des données neutroniques provenant du CCDN ; cette tâche n 'es t pas 

encore terminée. 

4 . 1 . Les travaux d'évaluation proprement dits ont concerné deux problèmes : 
_ 239 

4 . 1 . 1 . Valeurs, _de_jï_du PjL^uj:delà_^ê._lke_y_-

Cette étude comprend un examen critique des expériences et évaluations an

t é r i e u r e s / e t deux e s s a i s d 'évaluations : 

a) dans le premier, nous avons calculé a = < ° ~ c > /<€Tt > d 'après les va 

leurs expérimentales d e ^ ! 0 ~ t > et<<5~f > , en évaluant <P~^ >- e t < o ~ i n > 

Ces valeurs étaient moyennées sur un intervalle de l'ordre du keV. Cette mé

thode es t a s sez peu précise car , outre l'erreur provenant de l 'évaluation de 

£jCT~d >• (le facteur correctif F n n peut être faussé par d 'éventuel les structu

res intermédiaires), ci dépend beaucoup de-^T'f > : une erreur de 10% sur 

ce l l e -c i donne une erreur de 20% sur 'ô , Or les valeurs de^r—f ^soht très 

d i spe r sées : la zone hachurée de la figure 12 correspond à ci déduit de deux 

évaluations de<o~f "y- . Cette évaluation nous a néanmoins conduit à conclu

re en là présence d'un maximum de ci, très large, aux alentours de 2keV. Les 

résul ta ts préliminaires de ORNL (EANDC (US) 109 A) portés sur la figure 1 

sont en bon accord avec cette évaluation et montrent, eux a u s s i , l ' exis tence 

de ce pic très large vers 2keV. Il faut remarquer, à ce propos, que la valeur 

a = ( c ~ t -<5~t - a~d)/a~i s e r a t r ^ s sensible à des structures intermédiai

res de f iss ion. 

b) le second essa i fut effectué par J.Y. BARRE au CEN .Cadarache : les jeux 

multigroupes servant aux calculs des réacteurs rapides sont ajustés d'après 

quelques expériences critiques (méthode "BARRAKA"). Pour obtenir un bon ac 

cord, il est nécessai re de modifier considérablement certaines des valeurs 
_ • 239 

ini t iales : ce fut le cas de a pour Pu qui dut être augmenté de près de 50^í 

en-dessous .de lOkeV (courbe en tirets de la figure 12) . 

Cette méthode permet encore moins que la précédente de prévoir les structu

res f ines , mais elle donne une indication intéressante sur la valeur moyenne 

qui e s t , en l 'occurence, en bon accord avec les derniers résul ta ts expérimer 
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Para_metr_e_s_de¿jré_sj?nançe_s_de_s_n_oyaux_fis_s_iles_ -

Quelques études furent effectuées afin de comparer les valeurs données par 

différents au teurs . Elles montrent d ' assez grandes discordances ; nous les 

rr n o r 

f et les sect ions efficaces de fission de . U. 

a) La figure 13 représente la distribution des largeurs de fission pour 4 jeux 

dé paramètres -.Saclay (A. MICHAUDON et a l . 1964), Karlsruhe (Evaluation 

de SCHMIDT, 1966), Westinghouse (D.W. DRAWBAUGH et A. GIBSON,1966) 
i. 

et Geel (M. CAO et a l , 19,67). Les zones d 'énergies ne sont pas les mêmes 

dans tous les c a s , mais il s 'agit.toujours d'une analyse à un seul niveau. 

Les distributions sont incompatibles entre el les : les valeurs moyennes de 

I r déterminées d 'après e l les sont données c i - d e s s o u s . 

Saclay 

45 meV 

Dubna 

50meV 

Karlsruhe 

65meV 

Westinghouse 

15 Orne V 

Geel 

5 Orne V 

Les résul ta ts de Dubna (Van Shi Di et a l , 1965) sont très voisins de ceux de 

Gee l . 

Ces distributions peuvent être décrites par des lois en X^ à 2 ou 3 degrés de 

l iber té . 

b) La section efficace de fission moyenne peut être évaluée d 'après les va 

leurs expérimentales ou d'après les paramètres de résonances ; les 'deux r é 

sul tats devraient évidemment être en accord. Le tableau II représente les va 

leurs de l ' intégrale de c~í dans des zones d 'énergies contiguës évaluées soit 

d 'après la somme directe des sections efficaces données par différents au- ' 

teurs (colonne 2), soit d 'après la somme des aires des résonances (colonnes 

3 à 7) . 

Il apparaît que<jx~0 P f > es t très sous-éva lué , sauf pour celui résultant 

de l 'analyse de DRAWBAUGHT et GIBSON; ceci est à rapprocher du fait que 

ces auteurs donnent de très grandes valeurs de I f, 

Il faut bien noter que les expérimentateurs sont souvent conscients de l ' e x i s 

tence de niveaux non analysés ; mais le désaccord at teint le facteur 2 dans 

des zones où,presque toutes les résonances sont résolues : seule l 'exis tence 

de grandes valeurs de » f semble pouvoir l 'expliquer. 

c) Afin d 'essayer de résoudre ces problèmes, nous entreprenons une étude 

complète des sections efficaces de 235y à Routes 'énergies ( E n ^ 1 5 M e V ) . 
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Une étude plus générale a été entreprise sur les formalismes permettant la 

description des sections efficaces dans le domaine des résonances (formu

les multiniveaux) . De nombreuses méthodes sont actuellement u t i l i sées à 

peu près toutes basées sur la théorie de la matrice R ; certaines impliquent 

des inversions de matr ices, une autre permet d'obtenir une bonne description 

des courbes expérimentales mais sans pouvoir obtenir les paramètres de la 

matrice R. 

Nous essayons une méthode approchée permettant une très bonne description 

des sections eff icaces . Il est bien connu que ce l l e s -c i peuvent s'exprimer 

en fonction des éléments d'une matrice A sur l ' espace des niveaux obtenue 

par l ' inversion d'une matrice A--*- d'éléments : 

k}\ = (1 - è\X) i GM> - 5AV (E - ¿A) 

a v e c : <--A= EA - 1" 2 1/2 .,1/2 

La matrice A--'- peut se décomposer en une matrice diagonale, D - 1 facilement 

inversible , et d'une matrice complémentaire N" l dont les éléments diagonau; 

sont n u l s . Or, ces éléments non diagonaux ( - v G n 1 ) sont petits devant les 

éléments diagonaux (E - C\) et l 'on peut écrire : 

A = D + DN - 1 D + DN _ 1 DN _ 1 D + u N ^ U N - l u N ^ D + 

Le premier ordre correspond à la formule de Breitt et Wigner à un niveau. Le 

second terme peut s 'écr i re , à un coefficient près : 

i - S M i i 
( E - £ X ) ( E - £ A ) ( £ A - £ M E - & ) + (£V-ÇI)(E-£AO 

avec A z¿ X , et peut donc se ramener à une somme de termes de Breitt et Wiç 

ner à un niveau. Les termes d'ordre 3 et 4 peuvent, de même, se ramener à 

des sommes de pôles simples et doubles ; finalement, au 4e ordre, la matri

ce de collision U peut s'exprimer simplement comme une somme de la forme : 

TT rsj Ç£Si CPDX 
U (E-£>) (E-£*)2 

l es coefficients CPS et CPD étant indépendants de l 'énergie E (dans la mesur 

où les paramètres servant au calcul de G ^ ft', en particulier T n , sont indé

pendants de E). 

La précision du calcul dépend évidemment des rapports \a/D. Elle peut être 

très bonne même si r^/D'"vyO,5 si l 'on inclut les pôles doubles (développe

ment au 4e ordre). Pour illustrer ce la , nous donnons un exemple : il cor res 

pond aux premières résonances de 235-y étudiées il y a quelques a n n é e s . La 
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comparaison a été faite par rapport aux résul ta ts donnés par le programme 

MUFLE . L'accord es t très bon pour la section efficace totale (Fig.14) ; 

alors que l 'erreur ( £ ^) atteint 20-30% en précision 1 (formule de Breitt et 

Wigner à 1 niveau), elle n 'at teint que 3% en précision 2 ( iy) et 1 à 2%> 

en précision 4 ( £ 4 ) . Cette erreur serait encore plus faible si l 'on tenait 

compte de l'effet Doppler qui tend à moyenner les sect ions eff icaces . 

La prise en compte de l'effet Doppler introduit des fonctions du type 

et D* (Ë^ivr 
Ces fonctions peuvent a s s e z facilement être calculées ; cette méthode d ' ap 

proximation du formalisme multiniveaux permettrait sans doute dans la plupart 

des cas une analyse de forme par une méthode des moindres carrés des r é su l 

ta ts expérimentaux. 

GROUPE DES REACTIONS PHOTONUCLEAIRES (R. BERGERE) 

Ce groupe a continué d 'ut i l iser en 1968 le système de production de "gam

mas monochromatiques" par annihilation en vol des positons produits à la 

sortie de l 'accélérateur linéaire de 45MeV et sélect ionnés ensuite en énergie 

(entre 5 et 35 MeV) par une optique magnétique à 3 a imants . L'adjonction d'une 

quatrième section à l 'accélérateur linéaire en 1969 doit permettre de doubler 

le flux de positons de. 20 MeV et d'étendre de 35 à 55 MeV environ la plage 

de production des "gammas monochromatiques" . L' installation d'une deuxiè

me optique magnétique, symétrique de la première, permettra de monter s i 

multanément deux expériences photonucléaires. La première optique continue

ra à être spécial isée dans l 'étude des réactions (7,xn) à l 'a ide du sc int i l la-

teur liquide de 500 l i t res , chargé à 0,5% de gadolinium et d'efficacité égale à 

60% environ pour la détection des photoneutrons [25] 

Avec l ' instal lat ion ex is tan te , les résultats obtenus concernaient les réactions 

suivantes : 
1 fi 1 

1 / - (7,n)(7,2n)(7,3n)(7,4n) sur Ta avec évaluation à 22Ï2% des neutrons 

d'effet direct produit par réactions (7,n) en compétition avec la réaction 

(7 ,2n) . On a également pu montrer par disparition du processus (7,2n) devant 

(7 ,3n) , puis du processus (7,3n) devant (7,4n) dès que cela était énergétique-

ment poss ib le , que les photoneutrons de multiplicité ^ 2 étaient des neutrons 
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d 'evaporation. [26] (Fig. 15). 

2 / - (7,n)(7,2n)(7,3n) sur Ho-, Tb et La [27] avec mise en év i 

dence d'une contribution pour Ho et Tb non représentée par les raies de Lo-

rentz décrivant l 'absorption dipolaire dans la résonance géante (Fig. 16). • 

Cette contribution pourrait être l 'absorption quadrupolaire E£ prévue dans le 

modèle collectif hydrodynamique par Legensa et Greener (Nucí. Phys .A 92 

(1967)673). Le dédoublement observé de la résonance géante pour Ho, Tb et 

Ta a permis de retrouver le moment quadrupolaire de ces noyaux déformés. 

Les réactions (7,n)(7,2n)(7,3n) ont également été étudiées sur les noyaux 

suivants : iode, cénium, samarium, erbium et lutecium. Les résul ta ts cor res 

pondants sont en cours de publication. Ee même, les résul ta ts expérimen-
2 08 

taux concernant les réactions (7 ,n) . .à(7,4n) dans le Pb viennent d'être 

a c q u i s . 
89 

Enfin, sur le noyau Y on essaye actuellement d'étudier simultanément : 
o y v 

1 - la résonance géante <5"(7,n) + 6~(7,2n) + <s~(7,3n) 

2 - le rapport de branchement vers le niveau isomérique à 394 keV (^=0,332ms) 
Q O 

dans Y consécutif à une réaction (7 ,n ) . L'application du formalisme de 
o!) 

Huizenga et Vandenbosch (Phys. Rev. 120 (1960) 1305) à nos résul ta ts expé-

rimentaux devrait permettre d 'accéder au moment d'inertie du noyau Y 

3 - Le dédoublement isobarique (absorption d'un photon dans la résonance 

dipolaire géante avec A T = 0 ou AT = 1) prévue par S. Falieross et a l . 

(Phys. Letters 19 (1965) 398). 
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TABLEAU I 
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Fonction aensité S0 pour les isotopes au tellure 

A. 

122 

123 

124 

125 

126 

128 

130 

E 
Limi te (¡ceV) 

1 0 . 8 

0 . 6 6 

28 

7 . 8 

1 7 . 7 

2 1 . 8 

3 0 . 1 

N'ombre ze 
r é s o n a n c e s 

42 

26 

84 

114 

65 

38 

22 

S 0 x 1 0 4 

0 . 8 0 Í 0 . 1 8 

0 . 9 8 t 0 . 2 7 

0 . 6 8 ± 0 . 1 0 

0 , 5 0 t 0 . 0 7 

0 . 2 6 t 0 . 0 5 

0 . 2 7 t 0 . 0 6 

0 . 1 4 + 0 . 0 4 

TABLEAU II 

Section efficace de fission du 235 
U 

Z o n e i 

d ' é n e r g i e 

5 -

7 , 4 -

10 -

15 -

2 0 , 5 -

37 -

41 -

60 -

73 -

100 -

7 . 4 

10 

*5 

2 0 , 5 

37 

41 

60 

73 

100 

113 

E v a l u a t i o n 
d ' a p r è s 
ex 

r-» 

^ F 

6 1 , 

212 

213 

292 

4 2 3 

480 

860 

290 

640 

215 

¿z 
5+ 3 

+ 15 

+ 10 

+20 

+20 

l 2 5 

I 5 0 

T 2 0 

+40 

• 2 5 

S a c l a y 
_ — • ^ 

3 8 , 0 

197 

104 

240 

196 

337 

77 
2 

E 

L 
v a l u a t i o n 

Dubna ¡ K a r l s r u h e 
i 

4 2 , 

202 

173 

2 69 

328 

396 

4 } 5 0 , 3 

203 

159 

259 

343 

284 

786 

256 

538 

169 

d ' a p r è s 

W e s t i n g h o u s e 

5 7 , 5 

234 

219 

311 

4 7 7 

4 6 6 

958 

G e e l 
_̂ _ 

206 

116 

2 74 

226 

405 

323 

86 

(180) 

(115) 
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Fig 15 
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. SERVICE DE PHYSIQUE EXPERIMENTALE -

CENTRE D'ETUDES DE BRUYERES-le-CHATEL - C E . A . (FRANCE) 

P . LEUBA - D . DIDIER 

APPAREILLAGE -

Accélérateur Van de Graaff Tandem 12 MeV - (A. DANDINE, J. C. CIRET) 

Diminution_de_la ¿ajg_eur _de_ j.a_ bouffé§_^ar_ha^ha^^^r_èj_aççélé_ration_ -

Un équipement dest iné à réduire la largeur de la bouffée par hachage après 

accélération est en cours de réal isa t ion. 

La largeur à mi-hauteur de la bouffée de protons doit être ramenée de 4 nano

secondes environ à 1 nanoseconde au prix d'une diminution de l ' i n tens i t é . La 

mise en service est prévue pour le printemps 1969. 

L^tejljattoj^d/jin ^ £ t x i j ? p j ^ ^ -

Le -nouveau "Stripper" sera mis en place en mars 1969. Au cours d ' e s sa i s prél i 

minaires, le courant d'ions s ' es t trouvé augmenté dans un rapport 1,5 à 2 . 

Le montage réservera la possibi l i té de fonctionnement avec la fuite d 'oxygè

ne , sans ouverture de l ' accéléra teur . 

Système, de hachage.à_ la_nanosecoride_ji^IL£a.isçe_a_u_Van _de jGraaff_2_MeV -

(A. ADAM, J . C . BROGNON, J. CABE, M . CANCE) -

L'étude des diffusions élast ique et inélastique des neutrons sur les noyaux 

ainsi que l 'étude des réactions (p,n) et (d,n) à Q positif ou faiblement néga

tif, nous ,ont conduits à mettre au point un système de hachage du faisceau 

permettant de délivrer à une fréquence de 10MHz des bouffées d'une largeur 

de 1 à 3ns suivant la tension appliquée sur lès plaques de deflection. Ce 

système permet de défléch'ir des protons, deutérons et Hélium 3 et d'étudier 

toutes les réactions (x,n) par mesure du temps de vo l . 

Acquisition et traitement des données - (P. FERNIER, J. LABBE, JP. LAGET, 

G. MARIN) -

Au cours de l 'année 1968, le système de traitement CAE 510 a été exploité 

d'une manière intensive tant pour exécuter des calculs relatifs aux expérien

ces que pour réaliser des acquisi t ions de données en ligne et leur exploitation. 

Rl s^a. \La ,^IÍÜr^ejaxs.CnjJA0_2J_eJi¿J)7£ -

L'installation existante étant surchargée, on a décidé son remplacement par 

un système de traitement d'information en ligne comprenant plusieurs ordina

teurs h ié rarch isés . Cette solution sépare les deux fonctions acquisition et 

exploitation ; elle a été dictée par la multiplicité des demandes (4 accé lé ra-
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teurs) et la distribution des centres de mesure entre deux bâtiments a s sez 

éloignés l'un de l ' au t re . L'acquisition est confiée à deux-ordinateurs Cil 

10.020 ayant une configuration simplifiée et si tués dans chacun de ces bâ

t iments . Ces ordinateurs primaires seront rel iés à un secondaire Cil 10.020 

également, central isant les calculs et capable d 'assurer une partie de l ' ex

ploi tat ion. Enfin, une liaison entre l 'ordinateur d'exploitation (secondaire) 

et un ordinateur plus puissant (tertiaire) Cil 10.070, nous permettra de mettr 

au .point et de faire exécuter à distance des calculs plus importants. 

L' installation de l 'ensemble de ce système de traitement devrait être termi

née au début de l 'année 1970. 

1 . 2 . 2 . ÇalçuLs_s^ientifiç[u_ej -

Il a été nécessa i r e , pour répondre aux besoins des physiciens de mettre au 

point une série de programmes de calcul dans les chapitres suivants : 

a) simulation. 

- correction de diffusion multiple et d'atténuation dans un diffuseur, 

- réponse d'un scintil lateur organique aux neutrons entre 2MeV et 14MeV. 

b) analyse automatique de spectres pour le calcul de sections eff icaces . 

c) ajustement paramétrique (linéaire et non linéaire) de fonctions théoriques 

sur des données expérimentales nécess i tant entre autre la mise en œuvre de 

la méthode de DAVIDON. 

2 . ETUDE DE LA REACTION p + U B - » 3a PAR LA METHODE DES COÏNCIDENCES. 

(M. CADEAU, T.P. LAUGIER, G. MOUILHAYRAT, F . PERRAULT, F. SAVIOZ) . 

Notre étude a porté sur le mécanisme de production du système 3a dans la 
11 19 fi fi 

réaction : p + B ~ > C — > a + Be et B e - ^ a + a 
Nous avons pu mettre en évidence trois effets de natures différentes : 

Q 

- l'effet des niveaux du noyau intermédiaire Be = réaction séquent ie l le , 
12 

- l'effet des niveaux du noyau composé C = effet de spin, 

- un effet d ' interférences. 

Nous avons développé un formalisme qui nous a permis de rendre compte 

quantitativement de tous les spectres observés expérimentalement. 
Q 

2 . 1 . .Effet des niveaux du noyau intermédiaire Be : pour des énergies incidentes 

protons inférieures à 8MeV, nous avons montré que là réaction étudiée es t 

essent iel lement séquentielle avec passage par le niveau fondamental et le 

premier niveau excité du noyau intermédiaire de ^Be. 
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12 
Effet des niveaux de C : nous avons mis en évidence l 'exis tence d'un effet 

de spin (spin et parité) dans une région très étroite du plan des énergies 

(Ei, E2) (E^ et E2 énergies des particules détectées dans le système du cen

tre de masse ) . Cet effet de spin se traduit par une absence d'événements 

dans la zone du plan des énergies correspondant à deux particules émises à 

180° l 'une de l 'autre dans le système du centre de masse ; dans ce c a s , la 

particule non détectée a une énergie nul le . La conservation du moment an

gulaire ne permet d'observer dans cette région que des particules a prove-

12 
nant de la désintégration d'un niveau de C de spin pair et de parité pos i 
tive . 
Nous avons observé cet effet pour des résonances à l ,4MeV fil et 7,18MeV 

d'énergie incidente des protons I 2j ; ces deux énergies correspondent à. 
12 

des résonances , dans le C, d'énergie d 'excitation de 17,23MeV et 22,54MeV 

Ces deux résonances ont un spin 1" . Par contre, nous n 'avons pas observé 
12 un tel effet pour une énergie de protons de 4,9MeV (20,44 MeV dans le C) 

ce qui nous permet de dire que cette résonance a un spin pair et une pari té-x" 

pos i t ive . ["3! 

Effet d'interférences : pour deux énergies incidentes de protons de l ,4MeV 
12 

et 4,9MeV correspondant à des energies d'excitation dans le C de 17,23MeV 

(niveau 1~) et de 20,44MeV (spin et parité inconnus) nous avons mis en év i 

dence des phénomènes d ' interférences. Ces phénomènes d'interférences a p 

paraissent lorsqu'on se trouve dans une région du plan des énergies E^, Eo 
P 

où les deux contributions du premier état excité du Be se croisent (cas de 

l,4MeV) ou sont a s sez rapprochés (cas de 4,9MeV). 

Ces interférences sont maximales quand les deux contributions sont exac te 

ment superposées , e l les diminuent et s 'annulent pratiquement quand les deux 

centres des contributions sont séparés de r / 2 ( p largeur du premier n i 
es 

veau excité de Be). Ces interférences se traduisent par une variation appâ
ts 

rente de la largeur du premier niveau excité de Be. Nous n 'avons pas observé 

de variations sur l 'énergie d'excitation de ce niveau. 

Nous-avons pu donner une expression théorique du spect re , rendant compte 

d'une façon sat isfaisante des variations observées . Pour cela nous avons 

considéré le déphasage entre les ondes assoc iées aux particules dé tec tées , 
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qui produit les interférences, comme un paramètre arbi traire. 

Dans les régions où ils se produisent, ces effets d' interférences sont dus à 

l ' indétermination sur l'ordre d'émission des particules détectées et à l ' in-

discernabil i té de ces mêmes particules (trois particules a) . 

Du point de vue expérimental, les méthodes d'enregistrement u t i l i sées pré

sentent les caractérist iques suivantes : 4 

- uti l isation de cibles de bore autoporté, 

- refroidissement des détecteurs semi-conducteurs employés, 

- enregistrement de 3 paramètres pour définir chaque événement : les éner

gies des deux particules détectées et le temps qui sépare les instants de 

détection de ces deux par t icules , 

- uti l isation d'un calculateur en l igne . 

3 . ETUDE DES INTERACTIONS DEUTERON - LITHIUM - (G. BRUNO, J. DECHARGE 

L. FAUGERE, M. LEBARS, G.'SURGED 
6 4 

3 . 1 . Réaction Li (d.a) He -

Nous avons repris la mesure de la section efficace en valeur absolue pour la. 

réaction Li (d,a)a, entre 2 et 12MeV à l 'aide du Van de Graaff Tandem. Les 

résul tats étaient bien connus entre 2MeV et 5MeV, mais plus fragmentaires 

au-delà de cette énergie . Les distributions angulaires ont été mesurées de 

30° à 170°, avec un pas de 10° . Pour ce la , nous détectons* les produits de 

la réaction simultanément sur 8 diodes semiconductrices, espacées de 20° . 

Une deuxième mesure réal isée après avoir décalé l 'ensemble des détecteurs 

de 10° nous permet d'obtenir rapidement 15 points de distribution angula i re . 

Les mesures ont été faites avec un pas d'énergie de 0,25MeV. Les résul tats 

obtenus sont en accord avec les mesures antérieures dans la gamme 2MeV -

5MeV. 

3 . 2 . Mesures à basse énergie à l 'aide de l 'accélérateur Van de Graaff 400keV -

- Réa^liorjLS_J^(d^^_He_j._y_(d_f£Q)_Li_2 LiÇd^pj^LL 

Nous avons mesuré en valeur absolue, la section efficace de ces réactions 

pour des énergies de deutérons comprises entre 80keV et 300keV. Les princi

pales difficultés rencontrées ont été la contamination des cibles par des dé 

pôts de traces d'hydrocarbures et le problème de l 'épaisseur des cibles pour 

des deutérons incidents d'énergie faible . Le premier point a été résolu par 

l 'u t i l isat ion de pompes turbomoléculaires et un piégeage efficace des vapeurs 

lourdes à proximité immédiate des c i b l e s . Pour le deuxième point, nous avons 
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évalué les taux de réaction en cible très mihce grâce à une méthode décrite 

par FIEDLER et KUNZE (Nuclear Physics A. 96 (1967) 513-520) . Nos mesures 

ont été faites à un angle de 135° . Pour avoir la section efficace intégrée, 

nous avons supposé que les distributions angulaires étaient i so t ropes . Nos 

résul tats sont compatibles avec ceux de PHILIPPS et SAMYER (LA 1578), et 

montrent que la loi de GAMOW est applicable à ces réactions dans le domai

ne d'énergie é tudié . 
fi 7 

- Réa^üon__Li_(di_n}__Be. 
Nous avons entrepris de mesurer la section efficace de la réaction Li(d,n) Be 

7 7 
entre 80keV et 300keV, en comptant le nombre de noyaux Be formés. Le Be 

7 
décroît vers le Li avec une période de 54 jours , en passant dans 12% des 

7 iF D 4 7 Í Í 7 3 ? 

cas par Li ' . L a détection du y de désexcitat ion de Li par un dé tec -
7 

teur au Ge(Li) nous permettra de remonter au nombre de noyaux Be formés. 

La section efficace en valeur absolue sera déterminée par comparaison avec 
! , « , , i «.. 6T ... X7T . * ( 0 , 4 7 8 ) _ . , « . « . 

la section efficace de la reaction : Li(a,p]_) Li . Les résul ta ts sont 

encore fragmentaires, la méthode nécess i tant un temps très long d'irradiation 

et de comptage après irradiation. 
7 5 5 

Réaction à trois corps - Li(d,cq) He . He ->• a^ + n . 

Nous avons continué notre étude de cette réaction séquentiel le en mesurant 

des distributions angulaires de la première étape de la réaction, entre 0,6MeV 

et 2MeV. Les résultats sont en cours d'exploitation à l 'a ide du formalisme 

de la matrice R. Nous pensons qu ' i ls nous permettront de préciser les spins 

et parités des niveaux à 17,28 et 17,48MeV d'excitation du noyau inter'mé-
9 

diaire Be. 

D'autre part, les spectres biparamétriques en coincidence (ai, c^) ont été 

complétés , et des calculs sont en cours , qui doivent .nous permettre de r e 

trouver les formes de spectres observés . 

SPECTROMETRE A TEMPS DE VOL POUR L'ETUDE DES REACTIONS (n.D) et (n,6Li) 

(M. CADEAU, J .P . LAUGIER, G. MOUILHAYRAT, F. PERRAULT, F . SAVIOZ) 

Pour mesurer des sections efficaces différentielles de l'ordre de quelques 

millibarns par s téradian, nous avons été amenés à mettre au point un spec-

tromè.tre ayant à la fois un très faible bruit et un faible seu i l . 
La figure 1 correspond au schéma de principe du spectromètre à temps de vol . 

4 
Les neutrons de 14MeV ut i l i sés sont produits par la.réaction T(d,n) He ; les 

deutérons de 150keV étant fournis par un accélérateur Samès 600keV. L ' ins-
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tant d 'émission du neutron es t déterminé par la méthode de la particule a s -

soc iée . 

Le diffuseur, placé dans -le cône d'émission des neutrons est situé au cen

tre d'un goniomètre qui permet de faire des distributions angula i res . La base 

de vol maximale de l 'ensemble es t de 2,40m. 

Les neutrons sont détectés par un scintil láteur organique. 

Les caractér is t iques principales recherchées pour ce spectromètre nous ont 

obligés à résoudre les problèmes suivants : 

- protection du scint i l láteur, 

- associat ion au détecteur de deux photomultiplicateurs mis en coincidence 

pour éliminer leur bruit de fond propre, 

- discrimination neutron-gamma possédant une bonne résolution avec un 

seuil faible et s t ab le . 

Une chaîne d 'analyse multiparamétrique permet de corréler le temps de vol 

avec l 'un des paramètres suivants : 

- signal de discrimination neutron-gamma, 

- énergie du proton de recul dans le scintil láteur qui sert de détecteur , 

- énergie du proton de recul dans le diffuseur si ce lu i -c i es t un scintil láteur 

(ceci nous permet d ' isoler la diffusion sur l 'hydrogène, élément de référence, 

et de mesurer l 'efficacité et la courbe de réponse des détecteurs employés) . 

La résolution en temps obtenue à 14MeV avec un scintil láteur de deux pouces 

est de 1 ,2ns . 

Nous avons ut i l isé ce spectromètre pour l 'étude des réactions n+D et n+ Li. 

Pour la première de ces réact ions , l 'échantil lon d'eau lourde servant d'abord 

comme diffuseur, a été remplacé par un scintilláteur deutéré, ce qui a permis 

d'enregistrer les coïncidences neutron-proton. 

L'exploitation des résul tats de la réaction D(n,2n)p es t en cours . 

Nous avons abordé deux types d'interprétation du problème à trois nucléons : 

- l 'un à partir des équations FADDEEV, 

- l 'autre à partir, du formalisme phénoménologique mis au point pour les r éac 

tions conduisant à trois particules chargées dans la voie de sortie (Rapport 

CEA R.3670). 
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SECTIONS EFFICACES TOTALES NEUTRONIQUES -

(A. ADAM, T. CABE, M. CANCE, M. LABAT, M. LAURAT, M. LONGUEVE). 

Mesure de la section efficace totale neutronique du silicium entre l,150MeV 

et 5MeV -

Ces mesures font suite à ce l les déjà effectuées sur le silicium entre 400keV 

et 1200keV qui nous avaient permis de mettre en évidence trois résonances 

pour lesquel les on avait pu déterminer les largeurs r n et le moment angulaire 

total J 5 6j . Ces derniers résultats ont été obtenus à l 'aide d'un a c c é 

lérateur Tandem 12MeV à source pu i sée . Les neutrons produits par là réaction 
3 

T(p,n) He avaient une dispersion en énergie de l'ordre de 5keV. Un dispositif 

de sélection par temps de vol réduisait le niveau du bruit de fond. 

Les résul tats obtenus (Fig.2) montrent l 'exis tence de résonances i s o l é e s . 

L'exploitation des résul tats es t en cours pour déterminer les paramètres de 

ces différentes résonances à l 'aide d'une formule de BREJT et WIGNER à plu

sieurs niveaux. 

Recherche d'une structure intermédiaire dans la section totale neutronique du 

soufre entre l ,150MeV et 4,75MeV - " ' 

Ces mesures de sections efficaces totales neutronique.s concernent la recher

che d'une structure intermédiaire dans le corps de A moyen F7J . Nous avons 
3 

ut i l isé un Van de Graaff Tandem 12MeV à source puisée et la réaction T(p,n) He 

comme source de neutrons dont la dispersion en énergie était de l'ordre de 5keV. 

Les résul ta ts obtenus montrent l 'exis tence d'un grand nombre de fines résonan

ces très rapprochées (Fig .3) . Celle qui es t située à l ,760MeV bien séparée 

correspond à un niveau auquel nous avons attribué le. spin 5 / 2 . L'exploitation-

des résul tats es t en cours pour déterminer les paramètres de ces différentes 

résonances . . • 

Les moyennes effectuées sur des intervalles d'énergie A E compris entre 20 

et 500keV font apparaître un maximum à une énergie d'environ 2,850MeV qui 

se conserve en position et amplitude pour des moyennes comprises entre .300 

et 500keV. La largeur à mi-hauteur de ce maximum est de l'ordre de 300keV 

pour une amplitude de 1 barn (Fig .4 ) . •> 
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Mesure de la section efficace totale neutronique du titane entre l,150MeV 

et 4MeV -

Ces mesures font suite à cel les déjà effectuées sur le titane entre 150keV 

et 1200keV 6 1 . Ces derniers résul tats entre l,150MeV et 4MeV environ 

ont été obtenus à l 'aide d'un accélérateur Tandem 12MeV à source pu i sée . 
3 

Les neutrons produits par la réaction T(p,n) He avaient une dispersion en 

énergie de l'ordre de 5keV. La méthode du temps de vol a été ut i l isée pour 

sélectionner les neutrons et éliminer le bruit de fond. Les résul tats corrigés 

des diffusions aux peti ts angles sont donnés avec une précision de l'ordre 

de 4% sur la figure 5 . L'échantillon uti l isé était du titane naturel contenant 
4fi 47 48 49 Sf) 

8% de Ti ; 7% de Ti ; 74% de Ti ; 6% de Ti et 5% de Ti de 3cm de 

diamètre et 4cm de-long. La courbe de la figure 1 présente de nombreux pics 

qui sont des résonances partiellement résolues correspondant à des niveaux 

se recouvrant plus ou moins. Une exploitation de ces résul ta ts par la théo

rie du modèle stat ist ique es t actuellement en cours . 

DIFFUSION ELASTIQUE DES NEUTRONS DE 400keV A 1200keV SUR LE TITANE 

'NATUREL - (A. ADAM, T. CABE, M. CANCE, M. LAURAT, M. LONGUEVE) . 

Ce travail fait suite à des mesures de sections efficaces totales sur le t i tane 

entre ISOkeV et 1200keV (fig.6) 6 | et s ' inscri t dans le cadre de la r e 

cherche d'une structure intermédiaire dans cette gamme d'énergie I 7 J I 5 . 

Nous avons mesuré deux courbes d'excitation à'54° et 90° annulant r e spec 

tivement P2 et les termes impairs des polynômes de Legendre ainsi que trois 

distributions angulaires aux énergies respect ives de 605keV, 705keV et 

815keV. Ces énergies correspondent aux minimum et maximum d'une résonan

ce de largeur lOOkeV environ. La figure 7 présente les trois distributions 

angulaires après correction faite par une méthode de Monte Carlo des diffu

sions multiples et de l 'absorption dans l 'échantillon de 3cm de diamètre et 

5cm de haut . Ces mesures ont été réal isées en uti l isant des cibles épa isses 

de façon à recouvrir plusieurs résonances . La figure 8 compare les résultats 

expérimentaux à un développement en série de polynômes de Legendre. Nous 

poursuivons ce travail par une nouvelle série de mesures de distributions an

gulaires à 900keV, /lMeV et l,100MeV pour étudier la contribution des diffé

rentes résonances sur le maximum centré aux environs de 720keV. La précision 

sur les points expérimentaux que nous présentons est d'environ 7%. 
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FISSION - (J. FREHAUT, J. GAURIAU, G. MOSINSKI, M. SOLEILHAC) . 

Durant l 'année 1968, nous avons perfectionné l 'électronique assoc iée à la 

mesure de v . L e stockage de l'information se fait maintenant sur bande , 

magnétique incrémentale. Cette technique permet d'améliorer la précision 

des mesures et doit nous permettre également de réal iser simultanément des 

mesures de ^ p et de e~~¿ relatives sur les matériaux f iss i les é tud iés . 

Avec ce dispositif, nous avons amélioré Les mesures de V p entre 1,5 et 
?3S ?3R 239 

15MeV sur U, U et Pu publiées dans E . A . N . D . C . (E) 89 U. 
Au cours de l 'année 1969, nous envisageons de mesurer les sections effica-

^ *• •' A 2 3 8 T T - 2 3 9 i > w u A 2 3 5 T T 

ces de fission de U et Pu relatives a celle de U. 
7 

L'utilisation de la réaction (p, Li) doit nous permettre d'étendre notre domai- . 

ne d'énergie de neutrons jusqu'à environ 500keV. 

Des mesures sont en cours afin d'effectuer des mesures (n,2n) et (n,3n) sur 

matériau fissile en ut i l isant la technique du gros scintillateur l iquide. 

En collaboration avec l 'équipe de M. NIFENECKER (SMNF) de Saclay, nous • 
252 

avons réalisé pour la fission spontanée du Cf la mesure du nombre moyen 

de neutrons de fission émis par l'un des deux fragments en fonction de la 

charge de ce fragment. 

ETUDE DU RAYONNEMENT GAMMA PRODUIT PAR DIFFUSION INELASTIQUE DE 

NUCLEONS - (G. HAOUAT, J. LACHKAR, Y. PATIN, J. SIGAUD). 

La désexcitation électromagnétique des niveaux peuplés par diffusion inélas- , 

tique des neutrons ou des protons sur divers noyaux est étudiée expérimenta

lement. Les photons sont détectés au moyen d'un spectromètre gamma multi-

mode [~8 1 qui peut, grâce à un traitement approprié des informations, fonc

tionner simultanément : 

- en spectromètre photoélectrique et anti-Compton dans la gamme 0,3 - 8MeV, 

- en spectromètre de paires au -dessus de l ,022MeV, 

- en spectromètre à absorption totale dans la gamme 60-300keV. 

La résolution en énergie est de l'ordre de 5,5keV pour des photons de lMeV 

et le rapport d 'atténuation Compton est de 8 à la même énergie du rayonnement. 

L'optimisation de la résolution en temps des détecteurs Ge(Li) coaxiaux et de 

gros volume [ 8 J a permis la discrimination par chronométrie des neutrons dif

fusés et des gammas de désexci ta t ion. La résolution en temps est de l'ordre 

de 5ns pour.des photons d'énergie supérieure à 800keV. 

Diverses expériences ont été réa l i sées pour une énergie de neutrons de 



- 174 -

7 10 12 
8 , 72+0, 6MeV sur les corps suivants : Li, B, C, Sb naturel , W naturel , 
197 209 238 

Au, Bi, U . Elles complètent des mesures déjà faites avec des neu
trons incidents de 2,5 et M M e V . f g l 

î o o 1R4 1 fi fi 

Dans le cas des isotopes pairs-pairs du tungstène ( W, W, W) il 

apparaît expérimentalement que les premiers niveaux d'excitation de la bande 

rotationnelle, fondamentale K = 0 et le premier niveau de la bande 7 vibration-

nelle K = 2 sont particulièrement favor isés . • 

Dans le but d'étendre cet te étude au cas des noyaux f i s s i l e s , la corrélation 

des neutrons avec les rayonnements gamma émis a été enregis t rée . Il es t a in

si possible de distinguer les photons émis après diffusion inélast ique des pho 

238 
tons de f iss ion. Les résultats d'une première étude entreprise sur • U sem

b l e n t confirmer les observations faites sur des isotopes pairs-pairs du tungs
t ène . ( 
Enfin, la comparaison des spectres gamma produits par réactions (n,n'v) et 

197 
( P / P ' T ) sur Au a été faite pour tenter de mettre en évidence les divere mé
canismes de réactions mis en jeu . L'exploitation de ces expériences es t en 
cours . 
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XXI . SECTION MESURES NUCLEAIRES - CENTRE D'ETUDES DE LIMEIL - C E . A . FRANC 

A. PERRIN. 

L • .. SPECTROMETRE GAMMA UTILISANT UN DETECTEUR Ge(Li) ET FONCTIONNANT 

SIMULTANEMENT EN SPECTROMETRE DE PAIRES ET EN ANTI-COMPTON [l] 

Ce spectromètre est conçu plus spécialement pour l 'analyse des spectres de . 

renvoi des gammas produits par des neutrons monocinétiques. 
60 

En spectrométrie anti-Compton avec une source de Co la réduction du fond 

Compton es t de 75 à 80%, sans atténuation du pic photoélectrique. 

En spectromètre de pai res , avec une source de RaD Be (E = 4,43MeV), la 

réduction du fond Compton sous le pic de double échappement es t supérieure 

à 10, avec une efficacité du mode de fonctionnement variant de 30% à 50% 

suivant la largeur de fenêtre choisie sur la voie somme du scinti l lateur Nàl(Tl) 

(Fenêtre entre 900keV et l , lMeV = 30% - Fenêtre entre 350keV et l,lMeV=50%) 

2. ETUDE'PES REACTIONS PRODUITES PAR IONS TRITIUM SUR LES NOYAUX LEGERS. 

Nous avons modifié les instal lat ions d'un accélérateur d' ions "Philips" lMeV 

afin d 'accélérer des ions tritium. La gamme d'énergie couverte es t 300keV-lMeV 

avec un courant de tritons de 60nanoampères sur la c ib le . 

Nous allons entreprendre la série de mesures suivantes : 

Li6( tp)Li8 , Li6(td)Li ? , Li6(ta)He5 

B 1 ° ( t p ) B 1 2 , B 1 0 ( t d ) B 1 1 , B 1 V ) B e 9 

Be9( td)Be1 0 , Be9(ta)Li8 

mesure des distributions angulaires , courbes d 'excitat ion, sections efficaces 

en valeur abso lue . 

3 . SPECTRES DE RENVOI DES GAMMAS PRODUITS PAR DES NEUTRONS DE 5MeV. 

6,6MeV ET 8,7MeV SUR LES CORPS SUIVANTS : CARBONE, ALUMINIUM, FER 

ET BISMUTH fel 

Nous avons mesuré les spectres de renvoi des gammas produits par des neu

trons de 5MeV, 6,6MeV et 8,7MeV sur les corps suivants :carbone, aluminium, 

fer et bismuth. 

La détection e'st faite à 90° par rapport à la direction des neutrons inc idents , 

au moyen d'un détecteur Nal(Tl) 4" x 4 " . 

Nous donnons les valeurs en mb/sr des sections efficaces différentielles à 

90° des raies gammas les plus importantes, (tableau I) 
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Nous comparons nos résul ta ts avec les valeurs données par d 'autres au teurs . 

SPECTRES DE RENVOI DES GAMMAS PRODUITS PAR DES NEUTRONS DE 14.1MeV 

SUR LES CORPS SUIVANTS : CARBONE. AZOTE, OXYGENE, ALUMINIUM, FER 

ET PLOMB. [3] 

Nous mesurons les spectres de renvoi des gammas produits par des neutrons 

de 14,lMeV sur les corps suivants : carbone, azo te , oxygène, aluminium, 

fer et plomb. 

La détection est faite à 90° par rapport à.la direction des neutrons inc idents , 

au moyen d'un détecteur Ge(Li). 

Nous donnons les valeurs en mb/sr des sections efficaces différentielles à 

90° des raies gammas les plus importantes .(tableau II) 

Nous comparons nos résul tats avec les valeurs données par divers au teurs . 

B I B L I O G R A P H I E . 

1 G . GRENIER, C . POUSSIER - Rapport CEA R. 35 62. 

2 A. BERTIN, F. BERTRAND, G. CLAYEUX - Rapport CEA, à paraî t re , 

3 G. CLAYEUX, G. GRENIER - Rapport CEA, à paraî t re . 



T\BLEMJ I 
S e c t i o n s e f f i c a c e s d i f f é r e n t i e l l e s 

Co r |).s 

C;i r b o n e 

A l u m i n i u m 

F e r 
5 6 V e 91,5% 

B i s m u t h 

(MuV) 

4 , 4 3 

0 , 8 4 2 

1, 013 

1, 72 

2 , 2 1 

2 , 9 7 6 

3 , 00 

0 , 8 5 0 

1 , 0 3 

1 ,24 

1 ,81 

2 , 0 9 

e t 2 , 1 1 

2 , 6 

0 , 9 

1 , 6 0 5 

R é a c t i o n p r o b a b l e 

12 12 * 
G (n, n1) C 

2 7 A l ( n , n ' ) 2 7 A l * 

2 7 A l ( n , n ' ) 2 7 A l * 
27 , v 2 7 A 1 i 

A l ( n . n ' ) A l 
2 7 A W , \ 2 7 A 1 * 

A l ( n , n1) A l 

2 7 » , / , N 2 7 A - , * A l ( n , n1) A l 
2 7 A 1 / , x 2 7 A 1 ± 

A l ( n , n ' ) A l 

5 6 „ , , . 5 6 * 
F e ( n , n ' ) F e 

5 6 „ , , . 5 6 * 
F e ( n , n ' J F e 

56 56 ± 
F e ( n , n ' j F e 

5 6 „ , , . 5 6 * 
F e ( n , n1) F e 

5 6 „ 5 6 _ * 
F e ( n , n ' ) F e 

5 6 „ , . 5 6 i 
F e ( n , n ' ) F e 

209„., M
2 0 V * 

B i ( n , n ' ) B i 
2 0 9 u . , M 2 ° 9 R ; * B i ( n , n 'J Bi 

T r a n s i t i o n 

4 , 4 3 —9 0 

0 , 8 4 _ - # . 0 

1 , 0 1 3 - ^ 0 

2 , 7 3 1 - * 1 , 0 1 3 

2 , 2 1 — ^ 0 

2 , 9 7 6 - r - O ~\ 

3,0__». 0 J 

0 , 8 4 7 _ ^ . 0 . 

3 , 12 _ » . 2 , 0 8 5 

2 , 0 8 5 _ j * 0 , 8 4 7 

2 , 6 5 8 — 1 * 0 , 8 4 7 

2 , 9 3 9 — ^ 0 , 847") 

v. 
2,957__^,0,847 J 

3 , 4 5 » . 0 , 8 4 7 

0 , 8 9 4 _ _ r 0 

1, 6 0 5 — ^ 0 

d Q - / d - / V en m b / s r 

E = 5MeV 
n 

7 , 1 + 1,6 

16 , 3+ 3 , 6 

1 0 , 5 + 2 , 3 

1 9 , 7 + 5 , 1 

1 3 , 3 + 3 , 5 

7 5 , 1 + 1 6 

1 ,0+ 0 , 2 

1 9 , 8 + 4 , 4 

20 + 4 , 4 

1 0 , 4 + 2 , 7 

1 4 , 2 + 3 , 7 

3 0 , 6+ 6 , 7 

9 0 , 1 + 1 9 , 8 

E = 6 , 6 M e V 
n 

1 7 , 5+ 4 , 5 

6 , 2 + 1,4 

1 7 , 5 + 3 , 8 

1 3 , 2 + 2 , 9 

1 8 , 1 + 4 , 7 

11,V±- 3 , 1 

1 2 3 , 9 + 2 7 , 2 

1,7+ 0 , 4 

3 9 , 8 + 8 , 7 

3 0 , 8 + 6 , 8 

9 , 7 + 2 , 5 

1 3 , 2 + 3 , 4 

1 9 , 6 + 4 , 3 

8 6 , 3 + 1 8 , 9 

à 90" 

E = 8 , 7 M e V 
n 

1 5 , 8 + 4 , 1 

4 , 2 + 0 , 9 

1 3 , 6 + 3 , 0 

8 , 9 + 2 , 0 

1 7 , 7 + 4 , 6 

1 0 , 4 + 2 , 7 

5 6 , 6 + 1 2 , 4 

3 ,4+ 0 , 7 

3 6 , 3 + 8 

1 0 , 3 + 2 , 2 

6 , 1 + 1, 6 

9 , 7 + 2 , 5 

1 2 , 3 + 2 , 7 

60 , 3 + 1 3 , 2 
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nBLEW II 
SECTIONS EFFICACES DIFFERENTIELLES 

1 

1 1 

1 
1 

! 

Corps . 

Carbone 

Azote 

Oxygène 

Aluminium 

F e r 

Plomb 

Ev 
(MeV 

4 ,43 

1,63 

2, 31 

3,68 

3,85 

4 ,4 6 

5, 10 

5,83 

6,81 

2, 74 

3,09 

3,68 

3,85 

4 ,43 

6, 13 

6.92 

7, 12 

0,840 

1,01 

1,81 

2,21 

3 , 0 

0,85 

0 ,93 

1,24 

1,30 

1,41 

1,81 

2,60 

0,569 

0,803 

0,897 

E = 14, 1 MeV, Détecteur : Ge 
n 

Réaction i _ 
• Transi t ion 

probable • j 

C 1 2 ( n , n ' ) C 1 2 * ¡4,43 - ~ 0 

N 1 4 ( n . „ . ) N 1 4 * 

N M ( n . d ) C , 3
4 

N 1 4 (n .d )C . 1 3 

N 1 4 ( n . . ) B n
t 

N 1 4 ( n , n ' ) N 1 4 

N I 4 ( „ . n - ) N 1 4 

14,. , „ 1 1 * 
N (n ,« )B 

0 , 6 ( n , n . ) 0 1 6 * 

o ' 6 ( n , c ) C 1 3 

0 1 6 ( n . « ) C 1 3 . 4 

0 1 6 ( n , « ) C 1 3 

16 12 
O (n, n' a )C 

0 I 6 ( n . n - ) 0 1 6
t 

0 1 6 ( n , n ' ) 0 1 6 

- 1 6 . l i r , 1 6 * O (n.n ' )O 

. , 2 7 . . , . , 2 7 * Al (n,n ')Al 
27 27 

Al ' (n .n ' )Al 

A l 2 7 ( n . d ) M g 2 6
t 

A l 2 7 ( n . n ' ) A l 2 7 

27 27 
Al ( n . n ' ) A r ' 

„ 56, 56* 
F e (n. n ' )Fe ± 

F e 5 6 ( n . 2 n ) F e 5 5 

„ 56, , . „ 56* 
Fe (n, n ' )Fe 
„ 56, . ._ 55 
Fe (n, 2n)Fe 
„ 56. , ._ 55* 
Fe (n, 2n)Fe 
r 56. . ; 56* 
F e (n ,n ' )Fe 
_ 56. , . „ 56* 
F e - (n ,n ' )Fe 

P b 2 0 7 ( n . n . ) P b 2 ° 7 

P b 2 0 6 ( n , n ' ) P b 2 ° 6 ± 

ÍPb 2 0 7 ,n , n . ) P b 2 0 7 * 

[Pb206
(n.„-,pb206* 

0,9801 P b 2 0 6 ( n , n ' ) P b 2 ° 6 ± 

ir 

3,945 -— 2,312 

2,31 —* 0 

3,68 - ^ - 0 

3,85 -*• 0 

4,46 - * 0 

5, 10 — 0 

5,83 — 0 

6,81 — 0 

8,87 — 6, 13 

3,09 — 0 

3,68 — 0 

3,85 — 0 

4 ,43 — 0 

6,13 — 0 

6,92 —* 0 

7.12 — 0 

0 , 8 4 — 0 

1,01 — 0 

1,81 — 0 

2,21 — 0 

3,0 — 0 

0,847 —* 0 

0,93 — 0 

2,085 —*• 0,847 

1,32 — 0 

1,41 — 0 

2 ,658 —«• 0,847 

3,45 —». 0,847 

0,569 — 0 

0,803 — 0 

0,897 —1»0 
> 

1, 68 —* 0,80 ! 

1,78 — 0 , 8 0 3 

2,71 — 1,63 

1,08 ! P b 2 ° 7 ( n , n - ) P b 2 0 7 ^ 

1 J.1.63 —»0,57 
1,43 | P b 2 0 7 ( n . n ' ) P b 2 0 7 J 2 , 3 3 9 - - 0 , 8 9 7 

l ,7b9 | P b 2 0 7 ( n , n ' ) P b 2 0 7 J 2 , 3 3 9 — 0,57 

2.„1 ! P b 2 ° V . . , : . . , P b 2 Û 8 ! 2 . 6 1 — 0 

(Li) 

n 

9 ,6+1,6 13, 1 * 1 , 3 . 

1,2+0,2 

2,5+0, 5 

1, 1+0,3 

1,5 + 0 ,3 

6,2+2,2 

3 ,5+0,7 

0,7+0,2 

1,7+0,4 

2,2 + 0, 5 

1,5 + 0,4 

3 ,0+0,6 

2 ,4+0 ,5 

1,9+0,4 

11,2+2,0 

2 ,4+0 ,5 

3 ,7+0,7 

2 .8+0 ,2 

3 ,2+0,3 

10, 1+0.8 

8 .3+1.5 

7.8+1.4 

37,6+2,2 

4 ,3+0 ,3 

22,0+1,4 

8 ,4+0,6 

2 ,0+0,2 

3 ,8+0 , i 

2.4+0,5 

38,0+3,2 

38,7+3, 1 

22 ,2+1,8 

12,6+1,4 

33,8+3, 1 

11,5+1,5 

28,3+3,0 

19.1+3,8 

2,2 + 0,7 

4 ,7 + 0,9 

2 ,7 + 0,9 

5 , 0 + 1 

4 , 3 + 1 , 4 

3,8 + 0,4 

1 , 6 + 0 , 3 

5,5 + 1, 1 

2 , 6 + 0 , 5 

1.5 + 0 ,5 

12,2 + 1 , 2 

3.8 + 0 ,9 

" 5 ï l 

7,0 + 1,4 

10,5 + 1, 1 

13,7 + 2 , 7 

10,8 + 1,1 

7,9 + 1 . 6 

5 6 , 7 + 5 , 8 

11.7 + 3.9 

23 ,9 + 2 , 3 

7,4 + 2 ,5 

5.4 + 0 ,6 

3,7 + 0 ,8 

4 5 , 5 + 9 

26 ,3 + 9 

iPb 2 0 7 (n ,n ' )P1 

Ll,9 0,89fj 

12,9 + 2 ,6 

20 ,3 + 2. 1 

1.6 

3 , 3 

1,8 

1,8 

3 , 0 

2 , 2 

1.2 

2 , 2 

2 , 4 

1,7 

4 , 3 

2 , 8 

1. 6 

7 . 7 

2 . 2 

1.8 

' 

. 

b 2 0 7 

^ = 17,3 + 5,8 

GOLDBERG 3 ' 
V E = 15 MeV 

n 

12,8 

3 ,8 + 1 . 5 

9. 0 + 4 

2 0 + 9 

1 2 + 4 

4 9 + 1 3 

2 8 + 7 

1 ) Journal of Nucí. Energy 2 (1967 )487 2) Rapport TID 20658 3) BNL400 (1952) 
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XXII . LABORATOIRE DE PHYSIQUE NUCLEAIRE - C E . À . GRENOBLE (FRANCE) 

Pr. BOUCHEZ. 

1. MISE EN EVIDENCE DE L'INTERACTION NEUTRON-NEUTRON ET NEUTRON-

PROTON DANS LA REACTION D(n.nnp) A 14.5 MeV PAR SPECTROMETRE A 

DOUBLE TEMPS DE VOL -

Après la mise en évidence de l ' interaction neutron-neutron par la détection 

des deux neutrons au même angle (30° Lab . ) , une seconde expérience multi-

paramétrique avec détection des neutrons à des angles différents (30°, -80° 

Lab.) a permis la mise en évidence de l ' interaction neutron-proton (2500 

événements) avec le même appareillage [ l j e t les mêmes conditions de traite

ment. Les phénomènes parasi tes de double-diffusion sont évalués par une 

méthode de Monte-Carlo I 2j et les résul tats triés sont comparés à des mo

dèles basés sur la théorie des diagrammes de Feynmann 3 . 

2. 7Li(n,n '7) A 14 MeV - (Fig.l) 
7 On a observé le rayonnement photonique à 477 keV de désexcitat ion du Li 

au moyen,d'un détecteur au germanium de l , 2 c m ^ . Le nombre de coïnciden

ces n ,7 obtenues permet d'évaluer la section efficace de la réaction 
7 Li(n ,n '7) 7 Li* 477 keV : <T~= (76 t 10) mb en accord 'avec la mesure 

80 mb ( î 10 mb) faite par Benveniste [ 4 . 

Le dispositif expérimental ut i l ise une analyse biparamétrique avec des r é 

solutions en temps et en énergie respect ives de 4ns et 6 keV j 5 I . Nous 

pensons uti l iser ce dispositif pour l 'étude des neutrons de capture à 14 MeV 
181^ . 209D. sur Ta et Bi. 

REFERENCES 

[ l ] C . PERRIN* et al - J. de Phys . (à paraître) 

[2] C. DUCHARME - Thèse Docteur d 'Universi té , Grenoble (1968) n°990 
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[3 ] S. DESREUMAUX - Thèse 3e cycle (à paraître) 

C . PERRIN - Thèse Doctorat es Sciences Physiques (à paraître) 

J . C GONDRAND - Thèse Doctorat es Sciences Physiques (à paraître) 

[4 ] J. BENVENISTE et a l . - Nuclear Physics , 38. 1962 300 

Í5 1 C SOÑREL - Thèse Docteur-Ingénieur (à paraître) 

* Institut des Sc iences Nucléaires - Université de Grenoble (France). 
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X X I I I . SERVICE D'ETUDES DE PROTECTION DE PILES -

C E . A . FONTENAY-AUX-ROSES (FRANCE) - R. VIDAL 

SECTIONS EFFICACES EFFECTIVES DE 2 3 3 U DANS LES RESEAUX A EAU LOURE 

Des expériences en vue de la mesure des sections efficaces effectives de 
233 

fission et de capture et du V) de U ont été effectuées dans le réacteur 

MINERVE avec des échantillons d'utanium métallique contenant de faibles 
233 

quanti tés de U . 

Ces mesures effectuées dans un réseau à eau lourde sont en cours d ' inter

prétat ion. 

MESURES DU RAPPORT CAPTURE SUR FISSION DU 2 3 9 Pu(a Q ) DANS UN 

SPECTRE VOISIN DE CEUX DES REACTEURS A NEUTRONS RAPIDES -

Les expériences en vue de la mesure du ag ont été effectuées dans l 'assem

blage ERMINE placé au centre de MINERVE. Deux méthodes ont été uti l isée: 
239 l 'une basée sur les mesures des rapports des coefficients de danger du ] 

239 
et du bore et des taux de fission et de capture du Pu et du bore . L'autre 

ut i l ise la méthode de la chambre locale pour mesurer le taux de fission du 
239 252 

Pu comparée à. une source de Cf. 

Une première série d 'expériences a été réa l i sée* tous les résul ta ts sont en 

cours d'interprétation et permettront de définir, la valeur de âg" dans le spec 

tre d'ERMINE avec une précision voisine de 15%. 

Une autre méthode pour atteindre ag a été développée. Elle consis te à irra

dier au centre du réacteur OSIRIS dans une capsule dont l ' épa isseur es t de 
235 238 239 

10mm de bore 10, des échantillons de . U, de U et de Pu. On mesi 

re la variation de la composition isotopique des échantil lons et on déduit le 

rapport des taux de fission par une mesure avec des chambres à fission dan 

le réacteur ISIS qui es t la.maquette exacte d'OSIRIS. La combinaison de ce; 

deux séries de résul ta ts permet d'atteindre ag , 05 et 03 pour le spectre d'il 

radiation avec-une précision voisine ,de 7% pour 5 mois d ' irradiation. 

La capsule sera déchargée très prochainement afin d'obtenir les premiers ré 

sul tats et une nouvelle sera irradiée pour une durée d'environ 1 an , ce qui 

permettra d'améliorer la précision des r é su l t a t s , (note CEA n° N.989) 

MESURE DE L'ENERGIE DEGAGEE PAR LES MATERIAUX FISSILES IRRADIES -

Une mesure calorimétrique de la puissance résiduelle dégagée par les é l é 

ments combustibles irradiés dans un spectre thermique es t en préparation. 
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CENTRE DE PHYSIQUE NUCLEAIRE DE L*UNIVERSITE DE LOUVAIN (Belgium) 

1 . Study of monoenergetio neutron sources 

Q. DECONNINCK, J. ROTEN 

The reaotion V (p,n)Cr has been studied between 2.2 and 4 MeV. 

The aim of this work is to measure the angular distributions of 

the neutrons in order to determine the possibility of using this 
f 

reaction as a source of monoenergetio neutrons. It is shown that' 

for some applications this source is better than the conventional 

ones because of the slow variation of intensity and energy with 

angle and also beoause of the ease with which the targets can be 

made and utilized. 

A detailed paper on this work will be published. 
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XXV. CENTRE D'ETUDE DE L»ENERGIE NUCLEAIRE (C.E.N.-S.C.K. ) Mol, Belgium 

1. Neutron Spectrometry 

1 .1 . Crystal Spectrometer 

F. POORTMANS 

Total and activation cross seotion measurements have "been performed on Eu 

between 0.020 eV and 0.6 eV in collaboration with. the reaotor physics 

department. Partial results have "been communioated at the second confe

rence on neutron cross sections and Technology (Washington, March 1968). 

Aoourate values for the total cross seotion at 0.0253 eV and the isomeric 

ratios of the three lowest resonances have "been obtained. It is seen 

that the relative population of the 9*3 hr isomeric level of 152Eu is 

quite different for these thiee resonanoes although they have the same 

spin. The resonanoe parameters of the bound level have been deduced. 

Farther work is in progress in order to check the Tfestoott g(T) function. 

A contract with IAEA has been signed for measurements of the scattering 

235 239 
cross sections of U and Pu below 1 eV. These experiments are in 

preparation. 

1.2. Neutron Resonance Scattering 

F. POORTMANS, H. CEULEMANS, E. MIGNECO +, J. THEOBALD + 

This research is oonducted in cooperation with C.B.N.M., Euratom, Geel 

under the terms of contract EUR/0/4146/67 f« As the experiments are 

performed at the C.B.N.M. Linac these activities are reported in the 

C.B.N.M. part of this Report. 

+ C.B.N.M., Euratom, Geel 
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1.3. Neutron Résonance Total Cross Sections 

H. CAMARDA ", H. CEULEMANS, G. HACKEN *, 1Í.W. HAVENS, Jr. *, 

H. LIOU ", J. RAINWATER *, M. SLAGOWITZ * and S. WYNCHANK * 

A series of experiments performed at the Nevis Synohrooyolotron of 

Columbia University, U.S., allowed the collection of data for 26 

A fío A Q * A Q¿í 

separated isotopes and 14 natural elements including W ' ' , 

Cu63, Eu 1 5 1' 1 5 3, Hf177, S r
8 6 , 8 7 , 8 8 , Er166,167,168,170^ ^154,15^ 

Lu 1 7 5, Sm152»154>YÏ1 7,1 72,173? ^142,144,146^ ^ ^ T a > ¥ j 

La, Lu, Fe, In, Tb, Pr, Cu, Nd, Er, Na, Ar. Resonance speotra were 

obtained from a few eV up tu as high as 100 keV in some oases. The 

high-energy resolution of these data is ̂  0.2 ns/m. More information 

on these experiments may he found elsewhere (t-). 

1.4« Radiative Capture Cross Section (Low keV Region) 

F. RAHN **, C. HO **, J. FELVINCC **, E. MELKONIAN ** , 

W.W. HAVENS Jr.,"/ H. CEÜLEMANS and J. RAINWATER * 

Preliminary testing of the modified Moxon-Rae type detectors and data 

acquisition equipment was oonduoted at the 40 m and 1 00 m flight paths 

of the Neutron Velocity Selectnir at the Nevis Synchrocyclotron. The 

materials used during the tests were Au, Kn, In, Cu and Zr. The 

1 98 
peak-to-background ratio obtained at the 78 eV level in Au was 

15 to 1 . Further information on these experiments has been given 

elsewhere (1 ) . 

m Physios Department, Columbia University, New York, N.Y. 

ES Department of Nuclear Engineering, Columbia. University, New York, N.Y, 

(1 ) Pegram Nuolear Physios Laboratories Progress Report, June 68 tot 

January 69 - NYO-OEN-72-
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1.5* Cross Section Calculations from Nuclear Theory and Systematios 

L. DE CORTE and H. CEULEMANS 

An effort, up to now of limited soope and applications, has "been ini

tiated in order to complement experimental data in areas where the 

latter are difficult to obtain suoh as oapture cross sections for 

neutron-rich nuolides formed during nuclear fission, or inelastio 

scattering oross sections. For these calculations the computer 

programme NEARREX (2) will "be used. 

1.6.. Publications and Communications 

Cross Section Measurements for the Reactions Eu (n,Y) 152Eu between 

0.01 eV and 0.5 eV. 

P. Poortmans, iu Fabry and I. Girlea, Neutron Cross Seotions and 

Technology, Vol. 1, p. 883, Washington, Maroh 1968 

Reoent Improvements of the Nevis Synohrooyolotron Neutron Velocity 

Spectrometer 

M. Slagowitz et al., Bull. Am. Phys. Soo. , Vol. 13, n° 4, .paper JG11 

w ± c + T „182,184,186 , _ 63,65 

Neutron Resonance Spectroscopy It If 1 ' and Cu ' y 

H. Camarda et al., Bull. Am. Phys. Soo., Vol. 13, n° 4» paper K011 

Neutron Resonance Speotrosoopy II: 

G. Baoken et al., Bull. Am. Phys. Soc, Vol. 13, n° 4, paper E33.1.2 

(2) NEARREX, a oomputer code for nuclear reaction calculations,ANL-6978, 

P.A. Moldauer, C.A. Engelbrecht, G.J. Duffy. 
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2. Fission Physios and Chemistry 

2.1 . Fission oross-seotion measurements with fission track deteotors. 

N. HEVE de MEVERCJITIES and P. del MAKJiOL 

A thermal neutron fission oross-seotion of 39 ± 4 pb was measured for 

232 

Th in the thermal oolumn of the BR1 reactor at Mol "by means of a 

Makrofol detector. This value is in rough agreement with the 

60 ± 20 pb measurement of Korneev, Skobkin and Flerov (Sov. Ph. JETP, 

10 (1960) 29). 

2.2. Identification of short-liyed isotopes in fission 

P. del MARMOL 

A hranohing ratio of 64 + 8$ was measured for the decay of 14*1 s As 
Aim flt'X 

tot 70 s Se an<i results concerning yields and half-lives of As 

and As were published. 

A fast radiochemical method (^58) for the separation of short-lived 

selenium isotopes in fission has "been completed. 

2.3» Delayed neutron precursors 

P. del MARMOL 

A compilation and evaluation of experimental data for individual 

delayed neutron precursors up to September 1 $68 has been completed 

for the Journal "Nuclear Data". The following properties are covered: 

half-life, neutron emission probability, charge and mass assignment, 

methods of produotion, (3-deoay properties leading to neutron emitting 

states, neutron spectra as well as the measured or estimated Qo 

energy of the parent and neutron separation energy of the daughter 

nuoleus. 
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2.4» Publications 

M. Nève de Mévergnies and P. del Marmol, Neutron cross sections and 

technology, Proceedings of a Conference,.Vpl. I, p. 611, National 

Bureau of Standards, Washington, 1968. 

P. del Marmol, J. Inorg. Nucí. Chero., ¿0, (1968) 2873 

P. del Marmol, p. 75 and p. 242, "Delayed Fission Neutrons", Edit. 

I.A.E.A., Vienna (1968). 

3. Inelastic Scattering of Slow Neutrons 

S. HAÜTECLER 

The physioal content of the Krebs model, which was originally formu

lated in order to explain the lattice dynamics of hoc and foo metals, 

has "been applied to hep metals. The metal is considered as a set of 

spherical ions, of tmiform charge distribution, embedded in an electron 

sea. The elements of the dynamical matrix have been deduced by assu

ming central spring interactions extending up to the sixth neighhours, 

and a screened Coulomb interaction "between all ions. Six relations 

between the eight parameters introduced in the model and the five 

elastic oonstants have been obtained by the method of long waves. It 

was found that the lattice equilibrium condition obtained by equating 

the two expressions for C.. requires that the long-range interaction 

cancels out. It was concluded that the Krebs force-model does not 

describe a crystal in equilibrium. A possible way to fulfill the 

lattice equilibrium oondition would be to introduce a tangential 

interaction for one of the neighbouring layers. 

Important modifications have been made on the $R2 time-of-flight 

speotrometer. At the present time, the speotrometer is equipped 
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2 

with 8 evacuated flight paths, maximum section 40 x 20 cm , 4 m long. 

Bach "bank of detectors consists of 7 BF3 counters, 2W in diameter. 

The flight paths can be moved in a shielded room, the scattering 

angles ranging from 0° tot 120°. In addition, there is in the 

inoident monochromatic "beam a calibration flight path supporting 

2 BF 3*s, 1M in diameter, of low sensitivity (<v 5$). Measurements 

of phonon scattering were started on a ZnO single crystal. Although 

the volume of the sample was less than 2 cm , the ratio of the 

phonon peak to the "background was acceptable. 
Publications 

S. Hautecler and M. Nève de Mévergnies, Neutron Inelastic Scattering, 

Vol. I, 91, Edit. IAEA, Vienna, 1968. 

4. Thermal Neutron Data (Standards) 

A.J. DERUÏTTER *, P. PELFER **, W. BECKER ** 

This research is performed under the terms of oontraot EUR/c/4146/67 f, 

between CBNM (Euratom) and SCK-CEN (Mol), using neutron beams from 

the BR2 and BR1 reactors. • 

/ 235 
4.1 . 2200 m/s fission cross-section of U 

The neutron induced counting-rates of high quality foils of elemental 

235 
natural boron and evaporated U F layers have been oompared in 

4 

identical geometry and neutron beam with a solid-state detector. 

'Neutron energy selection is made with a slow chopper and simultane

ous pulse-height and time-of-flight spectra are recorded. ( Energy 

range:2 meV to 0.1 eV) 

x CBNM, Euratom, Geel 

ss Research Fellow, CBNM, Euratom, Geel 

+ Research in association with Kernforschungsanlage Jülich (W. Wegener) 
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Because of the interest incn,-values at very low neutron-energies 

a measurement at low rotor revolution speed of about 40 revolutions 

j>er second was also performed. The first run was made at a rotor 

speed.of 92 r.p.s. The rotor transmission probability for neutrons 

with very low energy is much higher for the lower rotor speed and 

for this reason (H -values could be deduced down to 2 meV. The 

235 
absolute precision of the amount of U on the layers and oonsequent-

234 ly of. the (Tp-values is however limited by the accuracy of the tl 

a-half life. Work on the a-half-lives of the uranium isotope conti

nues at CBNM, Geel. 

Preliminary results on the first high revolution-speed group of 

data were presented at the "Neutron Cross-Sections and Technologyt 

Conference'at Washington,. March 1968. An extensive report on all 

data is being prepared. 

/ 239 

4.2. 2200 m/s fission cross-section of Pu 

The experimental procedure is identical to the one discussed for 

•*-%. The isotopic composition of the samples is 99^979% Pu; 

0.002$ 4 Pu and 0.001$ 4 Pu. The precision on the amount of Pu 
239 

is determined by the precision of the a-half life of Pu 

(24.360 _+ 50) yrs of about 0.2%. The agreement between the published 

239 
valu.es for the a-half lives of PIT is very good, but one is no 

longer very confident in this value because of the CBNM experience 

with absolute ohemioal definitions. Good separation between a-partioles 

(and pile-up pulses) and fission fragments of 'Tu is obtained. The 

comparison with the standard boron layers is started. 

http://valu.es
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240 
4.3• Comparison of the spontaneous fission of Pa and thermal 

239 
neutron induced fission of Pa 

This program was interrupted "because of lack of personnel hut is now 

restarted with the help of a student of the "Rijksuniversiteit Gent*. 

The "bidimensional analyzing system, as well as the computer programs 

to calculate energy and mass-distributions from the raw data were 

235 
,already tested with U + thermal neutrons. Final measurements await 

239 240 
the arrival of the ( Pu + Pu)-source, expected beginning of 19^9« 

5» Integral cross seotions measurements and nuclear data related 

to reaotors. 

5.1 . Evaluation of nuolear data for activation detectors. 

A. FABRY, P.P. DAMLE, ÏÏ. VANDENBR0ÊEK, D. LANGELA 

A code error has "been found in the compilation of resonance integrals 

reported in Big 421 L -! , which fortunately only affects the data rela-

4. 151™. j 176T tive to Eu and Lu. 

A revised version of this report will shortly he issued in collaboration 

with the staff of the Laboratorio Fisioa e Calcólo Reattori, CNEN, 

Casaccia, Italy, inoluding a review of the most recent publications 

as well as the new experimental results obtained at Casaooia and at Hoi. 

5.2. Integral determination of 2200 m/ sec activation cross sections. 

A. FABRY, R. JACQUEMIN 

Thermal cross sections have been measured by the activation technique 

for the reactions Mo (n,Y) Mo and Lu (n,Y) L>VL relatively 

197 198 
to Au (n,Y) Au. The irradiations have been performed in a rotating 

graphite plug inserted into the BR1 horizontal thermal column, at a 

looation where the epithermal flux is negligible ( Au cadmium ratio : 

f* 10^) and the thermal neutrons are distributed aco'ording to a 
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maxwellian law of known temperature (20° C). The email corrections for 

the thermal flux depression [ J have been carefully checked by changing 

the thickness of the samples, which were alloys with alirminium of 

various compositions for Au and Lu (prepared- an^- assessed at CBUM, 

Euratom, Geel). 

The resulting cross sections are : 

98Mo (n,Y) 99Mo : . q- « (-0.120 + 0.005)b 

175Lu (n,Y) 176mLu : ÇT - (16.4 + 0.9) h 

.7 *)M 
o 

(for CT (Au) - 98 

The Westcott g' |_ J factors have been computed from known resonance 

parameters and found to lie close to unity; although 

1 75 strictly equal to 1 for Lu within error margin, some doubt still 

remains upon that correction, due to the existence of an important 

contribution of unknown bound levels (the t'hermal absorption cross 

section of Lu is computed to be 13,8 b L J from resolved resonance 

parameters while the measured value is 23 ± 3 b LJ and is consistent 

with the well known absorption data for both Lu L 

Lu L-I .) • The previously unknown isomeric yield ratio 
cr m 

m g 
^ • +o^ 

175 0 0 
for Lu is approximately 70$ and could increase with neutron 
energy, especially at the resonances at 5»24 and 14» 1 eV. 

235 
5»3» Integral oross section measurements in the IT thermal fission 

neutron spectrum 

A. FABRY, X. DE COSTER 

A paper has been presented at the Second Conference on "Neutron 

cross sections and technology" Washington, March 4-7 (1968) L J 5 

the abstraot follows t 
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" As a first step in a long terra applied research programme voider 

consideration in relation with thç develonment of a fast 

"breeder prototype, capture cross seotions averaged over the uranium-235 

thermal fission neutron spectrum have "been measured "by the activation 

technique for a few nuclides; they most often were found to disagree 

with earlier similar studies. 

The important features of the present method are briefly discussed. 

Included is a critioism of the uncertainties in the uranium-235 

thermal fission spectrum itself, mainly "based on recent integral 

studies and on new measurements of the U (n,f) and U (n,f) 

average oross sections using fission traok detectors. 

'The resulting average capture cross seotions are compared with 

evaluated differential data." 

As an illustration of the observed difficulties related to the fission 

spectrin and/or fission cross sections, it should "be noted that if 

the U-235 (n,f) and U-238 (n,f) differential energy cross-sections as 

recommended by Hart \ 8| (a reasonable compromise between the con

flicting most recent evaluations 1 9J I"1 0 I ) are weighted with the 

fission speotrum shape as tentatively modified by Grundl |_11j , values 

of 1 246 _+ 25 mb and 336 _+ 1 0 mb are respectively found rather than 

1 25O ± 25 mb and 301 _+ 9 mb when using the conventional fission spectrum 

representation 1.121 ; our experimental integral values are 1335 ± 130 mb 

and 353 ,+ 30 mb, the absolute errors tending to oancel out in the 

comparisons if the ratios between these oross-seotions are taken. The 

U-235 (n>f) average fission spectrum oross-section is seen to be rather 

insensitive to the exact fission spectrum shape; least-squares inter

pretation of critical masses for a lot of fundamental spherical fast 
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assemblies in terras of corrective factors for differential energy 

cross-sections has led to a curve \l 3\ systematically higher than 

all the most recent evaluations, resulting in an average fission 

spectrum oross-section of 1325 mb, very close to our experimental, 

figure. 

Since the completion of this work, the use of fission track detectors 

has "been considerably refined and accuracies of the order of _+ 2$ can 

now be achieved; new measurements are currently in progress for the 

235 
esse of the U thermal fission neutron spectrum and are under 

239 
preparation for the Pu-case. 

5»4• Use of intermediate standard neutron spectra for the improve

ment of nuclear data for fast reactors. 

A. FABRY, J.C. SCHEPERS, P. VANDEPLAS 

The facility for generation of a flexible family of primary inter-

Tul 
mediate standard neutron spectra L J is still under design. This 

is a one-dimensional (spherical) source system, whose central spectra 

235 
are derived from the U thermal fission neutron speotrum by partial 

moderation and absorption in such a way that the accuracy of their. 

description should ultimately reflect the aocuracy of the H (n,n) 

10 
and B (n,<x) differential energy cross sections and of the fission 

spectrum essentially. These spectra, whose mean energy depends upon 

the amount of moderation introduced, i.e. simply upon the thickness 

of an inner polythene shell, will be used for precise integral cross 

section measurements. 
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In order to support the development of experimental methods needed 

for the extensive study of the primary facility, another much more 

simple arrangment |_ Jis presently under completion in the mock up 

cavity I J of 50 cm diameter hollowed out in the horizontal gra

phite thermal column of the BR1 reactor : this is a 5 om thick and 

24,5 ° m outer diameter natural uranium metal shell, with an inner 

spherical soreen of 1 5 m m thick vibro oompaoted boron carbide 

cladded into 1 mm aluminium. The central spectrum in this facility 

simulates reasonably well the central spectrum of large dilute fast 

breeders and for energies above 1 GO keV depends mainly upon the 

nuclear data of natural uranium. Such a system could be duplicated 

rather easily in other laboratories and is tentatively proposed as 

a secondary standard useful for the intercomparison of experimental 

techniques. The spherical sheli transmission method'- -* associated 

to differential neutron spectrometers L j will be applied ir. both 

the primary and secondary standard systems, i.e. with completely 

different input spectra. The first nuclide to be studied in this 

238 
way is U. The depleted spherical shells are being manufactured. 

Transport calculations in the detailed conditions planned for these 

experiments have shown that they will offer powerful semi—integral 

checks of the downs cat te ring ( E .£.100 keV) and the shielded capture 

(10 keV < E < 1 00 eV) oross-seotions for this nuclide. 

Special emphasis is paid upon the development of an interpretation 

scheme for these integral and semi-integral experiments which will 

inclttde reasonable physical grounds like statistical theories and 

the optical model cf nuclear reactions. 
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CVI. R E--A C T O R C E N T R U M N Ë D E R L A N D P E T T E N 

1. RCN activities 

1.1. Circular polarization of gamma radiation after capture of polarized 

thermal neutrons (K.Abrahams) 

A beam of thermal neutrons, extracted from.the High Flux Reactor at 

Petten is polarized by reflection on a system of 74 cobalt mirrors each 

of dimension 100 x 5 x 2 mm. The mirrors are arranged in a focussing 

Soller slit system and. magnetized by an electromagnet. The beam is 

focussed at the target 3.5 meter from the exit of the Soller slit . 

The focus spot is 2 cm broad and a few cm high and the flux F at the 

target is 3.107 cm-2 s-1; the polarization is 85%; 

After capture of the polarized neutrons circularly polarized gamma 

radiation will be sent out. If 8 is the angle between neutron pola

rization and y ^ay» the circular polarization lis given by: 

• P = P R cos 6. . . ' 
Y n 

R is related to the spins of the intermediate states, the mixing of 

spins in the capturing state and to the multipole mixture in the Y 

transitions. These parameters we would like to determine. 

The polarization of the Y radiation is measured by transmission through 

magnetized iron. The transmitted Y radiation is detected by a 17 cm3 

and a 30 cm3 Ge(Li)-detector facing each other. The pulses of each detec

tor are routed to one of four quadrants of a 4096 channel analyser. The 

procedure of the measurements, is as follows: The neutron polarization is 
• 2) 

inverted in 10 sec. periods by a magnetic guide field system , the 

multichannel analyser is put in addition mode for positive neutron pola

rization and in subtraction mode for negative neutron polarization. The 

effects are of the order of 1% and the measuring time is a few weeks per 

sample. In fig.l the experimental arrangement is sketched. 
3) Measurements on K, S, Ti., Ca, Co,.Cd,, and Pb have been performed , using 

our previous mirror system, which lead to a smaller flux and polarization 

as that quoted above. Several spin assignments could be made. 

Publications 

1) K.Abrahams, W.Ratynski, F.Stecher-Rasmussen and E.Warming, Nuclear 
Instruments and Methods 45_ (1966) 293. 

2) K.Abranams, O.Stëinsvoll, P.J.M.Bongaarts and P.W.de Lange, Rev.Sci. 
Instr. 3¿ (196^) 524. 

3) ¿Abrahams, and W.Ratynski, Nucl.Phys. A124 (.1969) 34. 
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1.2. Proposal for integral measurements of cross sectionsof fission 

product isotopes (M.Bustraan) 

A fast-thermal critical facility (STEK) is being .erected at the RCN 

site at Petten for integral measurements of cross sections of fission 

product isotopes. The measurements will be performed, by a reactor os

cillator passing.through the centre of the fast core. The spectrum of 

this fast core will be variable ranging from harder than that of a Na 

cooled breeder to softer than that of a steam cooled fast breeder. 

The measurements will be performed in at least five different spectra. • 

It is expected that STEK will come into operation in May 1969. 

2. F.O.M. activities 

2.1. Thermal-neutron capture y-ray spectroscopy (P.Spilling , H.Grup-

* pelaar, A.M.F. Op den Kamp and A.M.J. Spits) 

1) Present address: Technische Hogeschool, Eindhoven, Nederland.. 

Measurements on thermal-neutron capturé yrays started in Petten in 

1964 with angular correlation studies of the nuclei phosphorus, sul-
. 1 2 3) 

fur and chlorine ' ' . The spectrometer consisted of two large Nal 

crystals. Since that time the mechanical part of the apparatus has not 

been changed. In fig.2 a vertical cross section through the radial beam 

hole,-used for the experiments is shown. The beam is collimated by a 

two meters long.collimator, consisting of : lead and aluminium. The fast 

neutrons are scattered out of the beam by means of quartz and bismuth 

single crystals* This neutron filter is cooled to liquid nitrogen tem

perature, which gives an increase in the thermal-neutron flux of a fac

tor 3.8. After further collimation a clean beam of thermal neutrons is 

obtained. At the place of the target the thermal-neutron flux is about 

107 neutrons per cm2 and pet sec. One of the two Nal crystals, together 

with the heavy lead shielding is visible in fig.2. This detector can 

rotate in a vertical plane perpendicular, to the beam. 

Since the last two years a high-rresolution Ge(Li) detector is used, 

chiefly for the recording of "single" spectra. Special attention is given 

tó the energy calibration. Mostly the uncertainties in the energies are 

less than 1 keV. With such a careful determination of the y-ray energies 

decay schemes can be constructed with a high degree of consistency. 

Furthermore, excitation energies and the Q value can be determined with 

high precision. Other results of the analysis are branching ratios. 
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Up to now rather complete decay schemes have Been constructed for the 

following final nuclei: 3 2P, 25->26Mg, 41 »'1+3:.>lt5Ca, 20F and 13C (refs.4"9). 

As an example in fig. 3 the spectrum of the í+1+Ca(ía,Y)lt5Ca reaction is 

shown. The thermal-neutron cross section for this reaction is 1.1 b. The 

available amount of ^Ca (enrichment 97%).was only 200 mg. 

The combination of a high neutron flux, a relatively low ybackground and 

a high-resolution Ge(Li) detector gives the possibility of measuring cap

ture Y~ray spectra of small amounts of enriched isotopes. 

0 

With the combination of a 12.7 * 12.7 cm Nal crystal and a 23 cm3 Ge(Li) 

detector some YY~coincidence and YY~an8ular. correlation measurements were 

performed on 1+3Ca and tt5Ca, using a 16^window digital discriminator 

These investigations are a part of the program of the Dutch Foundation 

for Fundamental Research on Matter ("Stichting voor Fundamenteel Onder-

zoek der Materie", F.O.M.). 

Laboratory: 

Reactor Centrum Nederland, Petten and Physical Laboratory State Univer

sity, Utrecht. ' - • 

Publications ' . 

1) Investigation of the reactions 31P(n,y)32P and 32S(n,Y)33S, G. van 
Middelkoop and P.Spilling, Nucl.Phys. _7_2 (1965) 1. 

2) Gamma-gamma angular correlation measurements in the 35Cl(n,Y)36C1 
reaction, G. van Middelkoop and P.Spilling, Nucl.Phys. Tj_ (1966) 267. 

3) Investigation of the 32S(n,Y)33S reaction, G. van Middelkoop and H. 
Gruppelaar, Nucl. Phys. 80_ (1966) 321. 

4) Gamma rays from the 31P(n,Y)32P reaction, G. van•• Middelkoop, Nucl. 
Phys. A97 (1967) 209. 

5) Thermal-neutron capture gamma rays from natural magnesium and enriched 
25Mg, P.Spilling, HiGruppelaar and A.M.F. Op den Kamp, Nucl.Phys. 
A102 (1967) 209.( . . 

6) Thermal-neutron capture gamma rays from natural calcium, H.Gruppelaar 
and P.Spilling, Nucl.Phys. A102 (1967) 226. 

7) The.reactions 12C(n,Y)13C and 19F(n,Y)20F, P.Spilling, H.Gruppelaar, 
H.F.de'Vries and A.M.J.Spits, Nucl.Phys.. All3 (1968) 395. 

8) Investigation of the l+ltCa(n,Y)1+5Ca reaction, H.Gruppelaar, P.Spilling 
and A.M.J.Spits, Nucl.Phys. Al14 (1968) 463. 

9) ̂ Investigation of* the 1+2Ca(n,Y)1+3Ca reactipn, H.Gruppeíaar, Á.M.F.Op den 
Kamp and A.M.J.Spits, to be published in Nucl.Phys. 

10) A 16-window digital discriminator for the Laben 4096-channel' analyser, 
PiSpilling, H.Gruppelaar arid P.C. van den Berg, Contr. to the ; Symposium 
on Nuclear Electronics, Versailles, Sept. 10-13, (1968). . - . 
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2.2. Nuclear orientation experiments with neutrons (H.Postma, E.R. 

Reddingius, J.Mellema and R.Kuiken) 

Measurements concerning angular distributions of gamma rays emitted 

from aligned 59Co and ltt9Sm nuclei after; capture of neutrons of 0.047 

eV were continued. A single crystal of copper was used to deflect a 

useful beam by Bragg reflection at (111) planes from a primary beam 

of the Dutch high flux reactor. 

With the usual power of 30 MW a flux of 2 * 106 n/cm2 s. was obtained. 

The above-mentioned nuclei were aligned in single crystals of Ce„ (87% 

Zn, 13% Co) (NO ) .24 D O and (96% Ce, 4% Sm) Mg .24 D 0. These 

samples could be cooled to temperatures of about 0.01 to 0.03 K with 

aid of adiabatic demagnetizations starting at initial conditions of 

1 K and 14 kOe. A fully automized ̂ equipment for doing adiabatic demag

netizations repetively was used. For 1£+9Sm nearly complete alignment 

could be obtained. Spin assignments could be made for a rather large 

number of levels of 60Co and 150Sm. 

In cooperation with the UKAERE experiments concerning the angular 

distribution of fission fragments of 235U aligned in single crystals 

of rubidium uranyl nitrate cooled to temperatures as low as 60-100 mK 

with a 3He-i+He dilution refrigerator were started. First some prelim

inary experiments were done at the high flux reactor in Petten. They 

were later followed by experiments in one of the fast neutron beams 

of the 45 MeV linear electron accelerator at Harwell. The preliminary 

conclusion is that for most of the resonances in 235U the value of the 

K quantum number is small. This is in agreement with a similar experiment 

done by J.W.T.Dabbs. 

Publication 

H.Postma, Kernoriëntatie-experimenten met laag-energetische neutronen, 
Ned.T.Natuurk. 43 (1968) 264. 
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XXVII. CENTRAL BUREAU FOR NUCLEAR MEASUREMENTS 

EURATOM, Geel, Belgium 

1. Measurements at the Linear Accelerator 

1.1. Total Cross Sections 

240 
1.1.1. Total Cross Section of Pu 

K.H. Bockhoff, W. Kolar 

The results have been published (1) and an extract 

including supplementary theoretical interpretations 

has appeared in the proceedings of the 1968 Washington 

"Conference on Neutron Cross Sections and Technology" 

(1a). 

1.1.2. Total Cross Section of 2 ^ U 

K.H. Bockhoff, G. Carraro, W. Kolar 

This cross section has been measured from 0.7 eV up 

to 800 eV. In the energy range from 0.7 eV - 150 eV 
10 

a 1 cm B-loaded liquid scintillator (with pulse 

shape discrimination) has been employed, while in the 

energy range from 65 eV - 800 eV a # inch thick Li 

glass detector has been used. These two detectors 

have at low energies a higher efficiency than the 
10 

B-Nal(Tl) detector. For neutron energies below 10 eV, 

where resolution effects are negligible our results 

and those of Pattenden and Harvey (ORNL-TM-556) agree 

within the error limits, except for the peak value of 

the resonances at 1.55.eV and 1.78 eV. In this case 

samples were too thick, to give meaningful results. 

In the higher energy range good resolution enabled 

the resolving of many resonances. As an example fig. 1 

shows the measured total cross section between 44 and 

96 eV. The evaluation of the resonance parameters 

using the multilevel shape fit program of Adler and 

Adler is in progress. 
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1.1.3. Total Cross Section of 2^8U 

G. Carraro, W. Kolar 

The total cross section has been measured between 
p 

65 eV and 800 eV. The sample thickness was 4.36 g/cm , 

which should make it possible to determine also the 

resonance parameters of the small resonances with a 

better accuracy. (Discrepancies in the BNL values up 

to 100 %). Data reduction and analysis using the 

area program of Atta and Harvey are in progress. It 

is planned to extend the measurements and the analysis 

up to about 10 keV neutron energy. 

1.1.4. Resonance Parameters of the 132 eV resonance of Co 

G. Carraro, W. Kolar 

The Atta-Harvey program could not be employed succes-

fully up to now for the analysis of this resonance. 

A too high number of input data caused convergence 

difficulties. 

1.2. Fission Data 

E. Migneco, J. Theobald 

1.2.1. Subthreshold Fission Cross Sections 

240 
The experiment on Pu, which has lead to the dis
covery of intermediate states in the exit channels^ of 

the fission process has been published (3). 
241 A measurement on Am is prepared. 

1.2.2. Fission Cross Section of *^U 

A correlation analysis* was applied to CBNM cross 
235 section data of -^U. It yielded a quasi periodical 

autocorrelation effect, which has been interpreted on 

the base of the existence of intermediate states in 

the (ITT£) * (4~ 1) channel (5). 

P.A. Egelstaff, J. Nucl. Energy 7 (1958) 35. 
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1.2.3. Fission Cross Section of ^ U 

255 . The fission cross section of -^U has been measured 

with the neutron detector from 0.7 eV to 1.5 keV 

and with a spark chamber fission fragment detector . 

(5) from subthermal energies up to 50 eV. The neutron 

detector measurements have a nominal resolution of 

about 3» 5 and 20 ns/m. The resolution of the spark 

chamber measurements is about 10 and 200 ns/m. The 

data have been reduced and are prepared for resonance 

parameter analysis. For this purpose the multilevel 

program "Codilli" of Adler has been modified for our 

IBM 1800 computer. 

1.3. Scattering Data 

E. Migneco, J. Theobald 

240 1.3.1. Scattering Gross Section of • Pu 

240 The scattering data of Pu have been analysed after 

performing calculations, which correct for self-

screening and multiple scattering. These corrections 

have been checked at Harwell with a Monte Carlo pro

gram. The results of this measurement were presented 

at the Second Conference on Neutron Cross Sections and 

Technology in Washington, D.C., March 1968. 

1.3*2. Scattering Cross Section of Nd 

The scattering cross section of Nd has been measured 
pzfO 

with the same detector, already used for the Pu 

measurement. The scattering yield has been normalized 

with the scattering cross section of lead. A sample 

changer has been used to minimise the effect of pos

sible threshold drifts of the pulse shape discriminator. 

The analysis of the results was performed together with 

the capture data obtained by Weigmann. 

Pig. 2 shows a spectrum of the reduced scattering yield. 
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For measurements on separated isotopes the shielding 

of the detector and sample changer system is going 

to he improved. 

Scattering Cross Section of Fissile Isotopes 

F. Poortmans,+ H. Ceulemans , J. Theobald, E. Migneco 

10 For scattering measurements on fissile isotopes a B 

loaded liquid scintillator detector has been surrounded 

by a large scintillator tank which acts as an anti-

fission detector. Final tests of the detector system 

are under way. 

Furthermore a detector system intended for scattering 

measurements below 100 eV on fissile isotopes, especial

ly on 2 5 5U was tested, in the framework of á CEN-CBNM 

association contract. 

3 
The detector system consists of nine He proportional 

counters (10 atmospheres pressure, 2.5 cm diameter and 

15 cm active length) and is mounted inside a 30 meter 

flight path station. Special care has been taken to 

reduce the background level, in order to make it pos

sible to do scattering experiments on resonances for 

which r /r is of the order of a few percent. The de

tector system has the following characteristics: 

1. time of flight resolution: below 50 eV, the 

resolution AE/E is of the order of 0.8 %. The de

tectors have a relatively small jitter time 

(± 0«5 usee), so below 50 eV the resolution broaden

ing is mostly due to the uncertainty in the flight 

path (± 10 cm) 

-2 -té 
2. overall efficiency: approximately 18.10 • E ' 

(E in eV) 

+ SCK-CEN, Mol 
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3. the detector is not sensitive to gamma rays 

4-, the relative efficiency for fission neutrons is 

2.10"5 vi" (E in eV) per fission 

—3 5. the overall neutron background is 2.10 ^ times the 

count rate obtained if all the incident neutrons 

are scattered by the target. 

As can be seen from these data, the fission neutron 

background is still the most important factor. For 

a resonance at 50 eV for which rVr = 70 the fission 

neutron background is the same as the resonant scat

tering contribution. However this background can be 

measured quite accurately, so that it seems possible 
235 to start scattering measurements, on ^ U with this 

detector system. 

181 
A short run on Ta has yielded values for the neutron 

widths which are in very good agreement with published 

results. Measureme] 

beginning of 1969. 

235 results. Measurements on ^ U will be started in the 

Neutron Capture Measurements 

H. Weigmann, J. Winter 

Capture Cross Sections 

Measurements of capture cross sections have been con-
238 tinued on samples of natural Cu, natural Nd, and y U. 

The results of the measurements on Cu are contained 

in a paper (7)» An area analysis of the data yields 

information on resonance parameters: For large reso

nances (r » r ) with known isotopic assignments 
xx y 

values of r or, if the spin of the resonance is un-
Y 

known, 2g r are obtained. In some cases, it was pos
sible to assign the spin of the résonance from the 
measured 2g r assuming a fairly constant radiation 
width. For a number of small resonances (r <•<• r ) with 

n . Y 
unknown isotopic assignment, values of 4-agr (a=isotopic 
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abundance) have been determined. The distribution of 

these values, including those of the stronger reso

nances known from literature, shows an excess of 

small widths which is attributed to p-wave levels. 

From this, the p-wave neutron strength function for 

natural Cu is estimated to be 

a, = (0.30 " °-14) 10-4 

+ 0.18 

Two runs on a natural Nd sample have been made with 

nominal resolution varying from 1.8 nsec/m to 22 nsec/m. 

An example of a time-of-flight spectrum is shown in 

fig. 3• The shape of the neutron spectrum has been 
10 measured with both, BF^-counters and a B-slab 

viewed by a Nal-crystal. Absolute normalization has. 

been done by the "black resonance" method, using the 

resonances in Ag at 5«2, 16.3 and 51» 4- eV. Resonance 

analysis has been performed together with an analysis 

of the scattering data on Nd obtained by Nigneco and 

Theobald. The results are discussed below. 
238 Measurements on ^ II have been performed in the energy 

range from 5 eV to 30 keV with samples of thickness 

1.02.10"5, 3.06.10~V and 1 .01.10~2 atoms/barn. 

Nominal resolutions were the same as in the case of 

Nd. Again, the neutron spectrum was measured with 
10 

BF2-eounters and with a B-slab viewed by a Nal-
crystal. For normalization with the "black resonance" 
method, both, resonances in Ag as well as the reso- ' 

238 
nances at 6.67 eV and at 81 .1 eV in U are used. 

Analysis of the data is in progress. 

Capture v-ray Spectra 

Measuring system 

The electronic system is described in a paper pre

sented at the "International Symposium on Nuclear 
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Electronics", Versailles, September 1968 (8) the 

abstract of which follows: 

A two-parameter system used for the measurement of 

y-spectra or neutron capture resonances is described. 

The bursts of neutrons delivered by the CBNM linear 

accelerator are bombarding a sample and the re

sulting Y-sPec"tra ar^ measured by means of a Ge(Li)-

detector. The signals of the detector are analysed 

corresponding of their times of occurrence and their 

amplitudes, thus yielding simultaneous information 

on neutron energy and y-spectra. Time analysis is 

performed by means of a time coder with 256 channels 

while amplitudes are analysed by an analog-to-digital 

converter with 4096 channels. Special characteristics 

of the electronic system are: 

a) rapid recovery after the y-flash of the linear 

accelerator. A general solution usable for all 

electronic overload problems is given. Its theore

tical limits and the chosen realisation are dis

cussed. 

b) Simplification of data handling. The usefulness 

of a digital window comparator is shortly demon

strated. 

Finally the results obtained are summarized together 

with s me proposals for further developments. 

255 Measurements on y U 

The knowledge of the spins of resonances of y U 

is necessary for a more accurate resonance analysis 

and for a better understanding of the fission pro

cess itself. 

Measurements of the capture v_ray spectra for the 

neutron energy range from 5eV to 40eV have there-
255 fore been performed on a metallic sample of jyM 

2 255 
(200 mg/cm ; 93% ^ U ) . With spin and parity being 
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7/2" for ^ U the capture state must be 3" or 4"". 

For 18 resonances spin assignments have been made 

(table III) based on the relative intensity of the 

642.3 keV y-ra.j (transition from the 2" level at 

687.6 keV to the 2+ level at 45.28 keV in 2 ^ 6 U ) . 

This transition was chosen because it is one of 

the strongest lines in the spectrum and a calcu

lation by means of W.P. Ponitz' Y-ray cascade model 

(W.P. Ponitz, Z. Physik 197 (1966) 262) showed that 

its intensity should be about 25% higher in reso

nances with 3~. (y-transitions following capture 

below 250 keV could not be observed due"to the 

natural activity of the sample whereas the inten-
235 sities of the primary y-rays in the case of ' U 

are very weak and additionally subject to fluctu

ations thus giving only in one case a definite as

signment) . 

The agreement with other measurements, i.e. Asghar 

et al. (M. Asghar, A. Michaudon and D. Paya, Phys. 

Lett. 26B. (1968) 664), Cowan et al. 

(G.A. Cowan, B.P. Bayhurst and R.J. Prestwood, 

Phys. Rev. 130 (1963) 238) and Mehta .(G.K. Mehta, 

Diss. Columbia University 1963, INDSWG(US)-5) is 

generally good. A paper is in preparation. 

Table III: Spins of 235 U Resonances 

En(eV) 

6.39 
7.08 

9.29 
12.39. 
15.40 
16.08 
16.69 
19.31 
21.08 

Spin J 

4 

3 

3 

4 

3 

3 

3 . 
4 

3 

E (eV) 
nv J 

22.94 
23.42 
27.82 
30.86 

32.07 
33.53 
34.39 
35.20 
39.41 

Spin J 

3 
4 

4 

3 

4 

4 

( 3 ) 
4 

4 
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Standard Cross Sections 

235 Normalization of relative U fission Cross-Section 

in the resonance region 

A.J. Deruytter, C. Wagemans * 

Often the cross-section curves are normalized with 

respect to a resonance integral determined from 

crystal spectrometer or chopper measurements around 

a reactor, that are then normalized to a 2200 m/s-

value. 

In the present experiment measurements were per

formed with the Geel Linac to energies below ther

mal energy, enabling a direct normalization of the 

•cross-section curve to the 2200 m/s rrf-value. With 

this absolute cross-section-curve an absolute reso

nance integral can be calculated for further nor

malizations. As almost all relative a--measurements 

come down in energy below 8 eV an absolute resonance 

integral that can be considered as useful for fur-
235 ther normalization of ^U fission cross-sections 

is: 
11eV. 

i 

<rf (E)dE
 r 

7.8 eV 

because it contains a large resonance (high counting-

rate) and a relatively large timing error (+_ 0.5 eV) 

does not considerably affect this integral because 

of the small cross-sections at the limits of the 

integral. 

Preliminary results on these experiments were pre

sented at the "Neutron Cross-Section and Technology 

Conference" at Washington. These measurements were 

Research fellow, NFWO University of Gent and 

SCK-CEN, Mol 
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repeated and considerably improved by using solid 

state detectors with much less scattering material. 

Also much better statistical accuracy was reached 

especially between resonances. These new data are 

analyzed and an extensive report on the methods 

used and the obtained results is in preparation. 

The 6Li/ °B(n,a)-Cross Section Ratio 

E. Migneco, J. Theobald, J. Wartena 

The four Si surface barrier detectors in the arrange

ment described in the last annual report have shown 

serious paralysis effects over the range of interest 

(1 keV to 100 keV). 

A detailed study of the y-flash effects yielded that 

there is no hope for a successful application of the 

detector in this Linac-experiment. 

A new approach consists in the use of a grid ionisation 

chamber, a prototype of which has been constructed. 

From this chamber three signals will be extracted 

- a timing signal from the collecter 

- an amplitude signal from the collector 

- an amplitude signal from the grid, containing 

information on the direction of the a-particle 

tracks. 

The last signal will be used for the correction of 

the timing signal and for the determination of the 

useful acceptance angle of the detector. 

The detector has a poor efficiency for the detection 
7 10 7 

of Li particles from the B+n - 'Li+a reaction be

cause of their low energy and is unable to detect 

the % particles from the Li+n •- %+a reaction 

because of their low specific ionisation. 

Feasibility calculations indicate that such a de

tector is able to give a time resolution of about 

100 nsec, an acceptance angle of 20% and an energy 

resolution of 75 keV for the a-particles. 
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The large acceptance angle allows to use a flight-

path of 30 m. A similar dummy chamber will make it 

possible to reduce the y-flash effects by suitable 

subtraction of the signals. 

A camera obscura for y-r&js was installed in order 

to check the true position of the Y-flash source. 

The photographic pictures showed that this Y-source 

was shifted by 4 cm with respect to the "point 0", 

the point where the neutron source was assumed. 

Theoretical calculations indicate that also the 

neutron source has a shift of not less than 3 cm 

in the same direction. As a consequence of these 

investigations an adjustable target is being in

stalled. 

1.5.3. Reference Values for Neutron Cross Section Measure

ments 

H. Moret, K. Gubernator 

A critical evaluation of existing data of interest 
10 10 

for the use of B(n,a ) and ,UB( n,ay) as a standard 

cross section for neutron'measurements was made and 

published as a EUR-report (isotopic composition, 

several cross sections and branching ratio (21). 

1.6. Miscellaneous 

1.6.1. Analysis of Nd-Resonances 

E. Migneco, J. Theobald, H. Weigmann 

Combined analysis of capture- and scattering data 

on Nd-resonances has yielded information on resonance 

parameters which is given in table IV. Multiple 

scattering and self-screening corrections have been 

applied for the scattering data. The lead cross-

section a = 10.7 eV has been used for the normalization; 

the capture data have been analysed with the GACA 

program (F.H. Frohner and E. Haddad, Nucl. Phys. 71 

(1965) 129). For the isotopic assignment of the 



Table IV: Nd r e s o n a n c e s 

E (eV) 

4 . 3 3 
4 2 . 2 8 
5 4 . 9 9 ^ 
7 8 . 3 3 

8 5 . 1 0 

9 5 . 5 4 
1 0 1 . 3 4 
1 0 2 . 8 6 

1 2 6 . 5 
1 3 4 . 6 
1 4 6 . 2 

1 5 0 . 5 

1 5 4 . 4 

1 5 7 . 9 

1 7 8 . 4 
1 8 5 . 4 
2 4 0 . 8 
2 5 7 . 4 
2 7 3 . 3 
2 8 4 . 9 
3 0 4 . 5 
3 2 2 . 6 
4 4 3 . 5 

I s o t o p e 

145 
1 4 7? 
I5Ó 

145 

145 
145 
145 

1 4 3 
1 4 3 
145 

145 

148 

1 4 3 

1 4 3 
1 4 3 
145 
145 
145 
148 

143 /1R5 
143 

1 4 3 / 1 4 5 

2 S r n r ; 
" n 1 

Y 

r r 
n Y 

r 1 1 . 8 +. 

23 +. 

67 + 
29 T 

1 5 . 6 +. 

1 2 . 4 _+ 

34 + 
37 +. 

44 +_ 

- (meV) 

1 4 . 4 +. 1.2 

1.0 

2 

5 
2 
1 .4 
1 - 3 

3 
3 

4 

2 g r n ( m e V ) rY (meV) 

0 . 9 9 + 0 . 0 8 
270 + 1 5 

42 + 2 . 5 
r n = 18 7 2 . 5 

1 4 . 5 ± 1 .5 

5 - 2 + 0 . 6 
90 ± 7 

20 ± 3 

15 +. 2 

4 3 8 + 30 
1130 +. 70 

150 + 12 
r «1980 +100 

n "•* 

88 i 9 

67 + 6* 
72 7 10 

69 + 10* 
70 7 10 

8 3 + 7* 

70 +_ 8 

68 _+ 8* 

72 + 7* 
82 7 8* 

61 + 8* 
58 ^ 6 

87 +. 19 

t y p e of 
d a t a 

c 
c , s 
c , s 
c 

c 

c 
c , s 
c 

c 
c 
c 

c 

c 

c 

c , s . 
c , s 
c 
c 
c , s 
c , s 

c , s 

Remarks 

f o r I' u s e d í = 70 +_ 20 

f o r r n u s e d r y = 70 +_ 20 

f o r r Y u s e d 2grn=38_j_6 of 

f o r r u s e d 2 g r =350+35 
Y n — 

f o r r u s e d r y = 70 +_ 20 

f o r r ^ u s e d r y = 70 +_ 20 

w i t h r « 2 . 1 0 5 
11 

w i t h 2 g r « 800 n 

u n r e s o l v e d d o u b l e t 

u n r e s o l v e d d o u b l e t 

• 

r e f . 1 ) 
u n 

1) G. Bianchi, H. Colmin, C. Corge, V.D. Huynh, 
M. Vastel, J. de Physique 24, 997 and 999 (1 

J. Julien, J. 
963) 

Morgenstern, F. Netter, 



Table IV: Nd resonances ( con td . ) 

resN ' 

462.1 
484.3 
494.7 
503.2 
520.5 
538.8 
552.3 
565.7 

Isotope 

145 
145/150 
145 

143/14-5 
143 
145 
143 
145 

2ZTnT\ , 
pn (meV) 

51 + 6 

59 + 6 
52 + 6 
42 + 4 
54 + 6 

2grn(meV) 

410 + 40 

225 + 50 

205 + 40 
460 +100 

ry(meV) 

58 + 6* 

66 + 15 

82 + 18 
62 + 10 

type of 
data 

c,s 

c,s 

c,s 
c,s 
c 
c 

Remarks 

unresolved doublet 

unresolved doublet 
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resonances the results have been used of 

E.N. Karzhavina et al. (Yâderna-ya Fizika 8 (1968) 

639). 
For all resonances of the odd isotopes g = # has 

"been applied. The error due to this assumption is 

not included in the errors listed. It is most im

portant for the r values marked by an asterix. 

In these cases the figures in the table approxi

mately represent 2gF . The T values obtained are 

in general at the lower limit of the errors of r 

values quoted in BNL 325 II B and in agreement with 

the data of Karzhavina. 

The follpwing mean values are obtained: 

Isotope <r> meV number of resonances 

143 7 6 + 7 7 

145 63 +. 6 7 

148 6 2 + 6 2 

The r values also agree with the results of 

Karzhavina except in some cases around the big 

resonance at 374 eV of Nd-144, where, our values 

are probably too small. This concerns the reso

nances at 284.9, 322.6 and 462.1 eV. x 

Measurements on separated isotopes are planned. 

Interpretation of Subthreshold Fission Cross 

Sections 

H. Weigmann 

A paper has been submitted to "Zeitschrift für 

Physik" (9), the abstract of which is as follows: 

The structure recently observed (3) in the sub-
240 

threshold fission cross section of Pu is inter
preted as being due to intermediate states of the 
fissioning nucleus associated with the second mini
mum of the potential energy as a function of de
formation postulated by Strutinsky. 
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(V.M. Strutinsky, Nucí. Phys. 19¿, 420 (1967)). 

This subject was also discussed in an invited con

tribution to the 1968 Gordon Research Conference 

on Nuclear Chemistry, New London, N.H. , U.S.A. (10). 

1.6.3. Ratios of the binary-to-ternary fission Cross-

Sections of ^ U in the Resonance Region (E < 21 eV) 

A. Deruytter, C. Wagemans** 

Two new series of measurements of the ratio of binary-
235 . . 

to-ternary fission for ^ U were made m this energy 

range. In the preliminary analysis of the results 

we make the ratio of the surface of the resonances 

in the fission run and in the ternary o-run. These 

results show fluctuations from resonance to resonance 

outside the statistical error. However, definite con

clusions with respect to a spin-dependence cannot 

be made due to the limited statistical accuracy. 

These measurements will now be repeated with the 

new "high power"-Linac target, and with an increased 

detector geometry factor. 

"1.6.4. Spin Assignment of Neutron Resonances of Stable 

Nuclides 

C. Coceva***, F. Corbi***, P. Giacobbe***, 

M. Stefanon,*** G. Carraro 

The application of the spin assignment method, 

based on the multiplicity of the capture gamma 

rays, to odd-proton nuclei has given positive 
165 

results in the case of ^Ho. A total of 63 reso
nances of ^Ho, from 150 eV to 540 eV, have been 
analysed. A spin-effect index of 0.14 was obtained. 
In most cases the spin could be assigned unam
biguously. Experimental data were taken also from 
3 eV to 150 eV, and in this energy range 27 reso-

** Research fellow, University of Gent 

*** CNEN, Italy 
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nances are under analysis. The analysis of the 
115 experimental data of ^In showed that our method 

of spin assignment cannot be applied because the 

statistical assumption on which the method is based 

is not valid for this isotope. Further work on this 

point is under way. 

Resonance neutrons capture v-rays spectra 

C. Coceva+, F. Corvi+, P. Giacobbe+, M. Stefanon+, 

and G. Carraro++. 

To increase the storage capacity of the 4096-channel 

Laben analyser a modification was performed which 

allows the use of 8192 channels having 999 maximum 

capacity. The memory can be divided in 8 groups of 

1024 channels or 16 groups of 512 channels. By the 

use of a special time programmer each group collects 

the Y-ray spectrum corresponding to a given time-

of-flight interval (and hence to a given neutron 

resonance) whose width and position can be chosen 

as desired. 

Measurements of the high energy capture spectra in 
105 

"Td resonances are continuing. The main difficulty 

is the extremely low peak counting rate, due to the 

low values of the partial radiation widths involved. 

Spectra belonging to 11 different resonances were 

collected: 

fifteen y-ray transitions going to low-lying states 

with excitation energy less than 3 MeV were detected. 

At least six of them have certainly M1 character. 

The energy values are in agreement with the thermal 

neutron data of Groshev. 

4+ CKEN, Italy 
++ CBNM, Euratom 
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Van de Graaff Accelerator 

Cross-Sections for Neutron Induced Threshold Reactions 

H. Liskien, A. Paulsen 

Measurement and data evaluation for the excitation 

function of the reaction "%b(n, 2n)" Nb between 

threshold and 20 ñeV have been finished. Neutrons from 
14- 15 the reactions C(d,n), ^N(d,n) and T(d,n) were used 

for this activation measurement. Corresponding measure-
men 
102 

105 ment s on yRh had to "be stopped due to the presence of 

Rh(T1/=210 d) in the rhodium, samples. 

The 1967 supplement sheets for the compilation EUR 119.e 

Vol. 2 were printed and distributed. The 1968 supple

ment sheets Vol. 1 were prepared for printing. 

Precise Determination of Neutron.Fluxes 

H. Liskien, A. Paulsen 

1 MeV neutron fluxes were produced via the T(p,n)^He 

reaction and determined by counting the associated 

%e-particles under 30° with respect to the proton 
2 bombardment direction. Targets of 0.2 mg/cm T-Ti 

p 

on 1.1 mg/cm Al foils were used. An electro-static 

field was applied to reduce the background produced 

by the Coulomb-scattered protons and other charged 

particles. The result of this method was compared with 

those from a recoil proton telescope and from a methane-

filled proportional counter. Agreement within.2% was ' 

found for all three methods (11). 
Corresponding measurements for 0.5 MeV neutron energy 
are in preparation. The % e particles will be detected 

2 under 20° and the targets will have only 0.3 mg/cm Al 

backings. The telescope counter will be replaced by a 

recoil proton counter with collimator (modified Perlow 

counter). Extensive and accurate efficiency calculations 

for'this counter using the computer program CALCOLEFP 

were performed (12). 
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Associated particle counting for 2 MeV neutrons 

from the D(d,n)^He reaction was successful. How

ever, due to the strongly forward-peaked angular 

distribution of this reaction a cross-check with 

other methods was up to now impossible. But the 

D(d,n)^He reaction could be used for comparisons 

between the telescope and the proportional counter 

at 2.5 MeV neutron energy. All results agreed 

within +_ 2%. 

Scattering Measurements 

M. Coppola, H.H. Knitter 

Differential elastic and inelastic neutron scattering 
7 . . cross-sections of Li m the energy range between 

1.0 and 2.3 MeV were reported at the 1968 Washington 

Conference (13)» and then issued as EUR. Report (14). 

2^9Pu (energy range 190 to 380 keV) 

The "low threshold" neutron detector was used in 

conjunction with the time-of-flight spectrometer 

for the measurements of neutron differential elastic 
. • 239 scattering cross-sections of >yPu in the energy 

region between 190 and 380 keV. Calculations of 

neutron flux attenuations and multiple scattering 

in the employed samples have been performed. Fully 

corrected differential cross-section values are now 

available. A comparison of the experimental results 

with those of optical model calculations is in pro

gress. 

•^Tu (energy range 1.5 to 5»5 MeV) 

239 Neutron scattering measurement on -"Pu were extended 

to this energy interval, using the multicounter system 

already described. Neutron scattering angular distri

butions have been measured at 1.5» 1.9» 2.3, 4.0-, 
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A-.5, 5.0 and 5.5 MeV. Neutrons up to 2.3 MeV were 

produced through the T(p,n)-'He-reaction, using a 

solid Ti-T target. Prom 4.0 to 5*5 MeV the neutrons 

yielded from the D(d,n)^ He-reaction were used and 

a deuterium gas target was employed in order to in

crease the primary neutron flux. Corrections to he 

applied to the experimental results are in progress. 

So far, neutron flux attenuation calculations have 

been completed for all energies, and multiple scatter

ing corrections only for the 1.5 and 1.9 MeV angular 

distributions. Final results should soon be available. 

2.3.4. Carbon 

Since the total cross section of carbon is a smooth 

monotonie function of neutron energy below 2.0, and 

since neutrons are only elastically scattered from 

carbon in the same energy range, the differential 

neutron scattering cross-section of carbon is very 

well suited as standard cross-section in this region. 

For this reason an accurate determination of the 

differential elastic scattering cross-sections of 

carbon from a few hundreds keV up to 2 MeV was 

desired. Measurements were started during the year 

1968, and so far neutron angular distributions have 

been measured, in steps of 50 kèV, in the energy 

interval from 0.8 to 2.0 MeV. It is planned to 

extend these measurements down to about 0.5 MeV. 

At each energy data were collected in the angle 

interval between 20° and 150°, in steps of 10°. 

So far only uncorrected differential cross sections 

have been derived from the available experimental 

results, but correction calculations have been 

started. 

2.3«5« Theoretical Calculations on Si 

A paper on the theoretical interpretation of neutron 
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scattering measurement results on silicon has been 

published (15). 

2.3.6. Computer Evaluation of Differential Cross-sections 

A program for the calculation of differential cross-

sections starting directly from experimental data 

recorded on magnetic tape has been written for the 

IBM 1800 computer of CBNM. This program also includes 

the possibility of performing least squares fit of 

the evaluated experimental results with a Legendre 

polynomial expansion, and to plot the experimental 

results together with the curve resulting from the 

fit. 

2.3.7. Three-dimensional plot 

A program making a three-dimensional plot of dif

ferential cross-section curves has been written in 

order to allow a very compact display of many re

sults at once. 

2.3»8. Theoretical Calculations of Neutron Cross-sections 

Using an Optical Model 

The program ELIESE I was brought into operation in 

connection with the IBM 7090 computer at CETIS-Ispra, 

to calculate elastic and inelastic neutron scattering 

cross-sections of the nuclides now under experimental 

study. In a second step the same program was com

bined with a general least squares fit program in 

order to perform the routine search of optical model 

parameters providing the best fit with the experimen

tal results. 
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Data Handling 

Data Handling Equipment 

A. De Keyser, H. Horstman 

Computer Operation 

The provisionally installed IBM 14-01 computer has 

been replaced by the IBM 180C data acquisition and 

control system in April, 1968. During a standard 

test,time of six weeks the IBM 1800 software and 

hardware had turned out to be very reliable. 

In August the IBM 1800 computer has been connected 

on-line to the data acquisition station with the 

highest data rate at the linear accelerator. The 

data acquisition and the transfer to the computer 

are completely controlled by the computer via an 

interface unit. Data reduction is performed on-line 

(16). 

Programs for the analysis of neutron cross section 

data for interesting physical parameters have been 

executed off-line on the IBM 1800 computer as time

sharing work or via the tele-processing system 

IBM 7702 on the IBM 7090 and the IBM 360/65 computer 

of CETIS. 

Analyser Computer Interface 

A prototype of an analyser computer interface unit 

(17) has been constructed and thoroughly tested by 

means of special computer test programs. The inter

face unit supervises the data accumulation in a multi

channel analyser and directs the data transfer to the 

computer and vice versa under control of the computer, 

Computer control is initiated by interrupt signals 

from the interface unit. All data transports are made 

in 16 bit words at a rate of 20 Kc in data channel 
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operation with external synchronisation. The inter

face prototype has been put into operation 

(cf. 3 .I.I.) in August. Six more interface units 

are being constructed. 

3.1.3. Data Acquisition Station for Multi-Parameter Analysis 

The use of a small data processor and controller on

line with the IBM 1800 for the acquisition and re

duction of nuclear data from multi-parameter experi

ments has been studied in detail. 

3.2. Data Analysis and Programming 

3.2.1. Reduction and Analysis of Neutron Gross Section Data 

M.G. Cao 

The programs for the reduction of fission and scattering 

cross section data have been rewritten for the IBM 1800 

computer. 253U (0.018 eV - 2 keV) and 255U (0.01 eV 

- 24 eV) fission data and Nd (100 eV - 600 eV) scat

tering data have been processed. 

The programs of Adler and Adler (University of Illi

nois) for the multilevel analysis of fission and 

total cross section data have been rewritten in 

FORTRAN IV for the IBM 1800 and the IBM 7090. Several 

program modifications have been made and a conver

gence criterion for non-linear cases has been intro

duced. 

A set of IBM 1800 FORTRAN IV programs has been 

written, which calculate and plot correlograms on 

the basis of the theory of Egelstaff, starting from 

the experimental cross section or from a cross 

section calculated as superposition of a constant 

mean value and a periodic or quasi-periodic fluc

tuation composed of several Gaussians. 

Several modifications to program ELIESE-1 (JAERI-

1096) have been made in order to. be used for least 
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squares fits of differential elastic neutron 

scattering cross sections by means of optical model 

and Hauser-Feshbach calculations. 

3.2.2. Monte Carlo Calculations of Neutron Capture and 

Neutron Moderation Times 

M.G. Cao, C. Cervini 

An IBM 1800 Monte Carlo program has been written 

which performs the calculations of a) energy, time 

and space dependence of neutron capture, and b) 

of the neutron moderation time. The program can be 

used for homogeneous and heterogeneous slabs and 

cylinders. The effect of impurities is considered. 

This program is an extended version of an earlier 

IBM 7090 program. 

3.2.3. Multiple Scattering Corrections for Elastic and 

Inelastic Neutron Scattering Cross Section Data 

H. Horstmann, H. Schmid 

A report about the tests of program MAGGIE (AWRE 

Aldermaston) has been completed (18). Formal modi

fications, corrections concerning the score cal

culations, and additional calculations for a) the 

corrections of the measured inelastic neutron peaks 

for contamination by multiple elastic scatter and 

b) the shape correction of inelastic angular distri

butions are described. In addition to this the re

port contains descriptions and listings of all 

MAGGIE routines and several flow diagrams. 

3.2.4-, Calculation of Differential Neutron Scattering 

Cross Sections 

M. Mancino, C. Cervini 

An IBM 1800 FORTRAN IV program has been written 

which calculates the differential cross sections 
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from the experimental angular distributions, per

forms a least square fit of the cross section with 

Legendre polynomials, and provides for plotting of 

the results on the Calcomp plotter. 

3.2.5. Efficiency Calculations for Proton Recoil Counters 

G. Nastri 

An IBM 7090 FORTRAN program for efficiency calcu

lations of a proton recoil counter with a per

forated filter as collimator has been written (12). 

Complicated integrations have been performed in 

order to calculate the efficiency for a homogeneous 

neutron beam and an isotropic neutron point source. 

A first double integration gives the open solid 

angles, and a second integration over the reaction 

volume results in the efficiencies. 

3.2.6.Reduction of Total Cross Section Data 

G. Nastri 

An earlier set of IBM 7090 programs for reduction 

of total cross section data has been rewritten in 

a modified version for the IBM 1800. The programs 

calculate dead-time corrections of data collected 

with the accordéon system, least squares fits of 

sample-out runs, background corrections, trans

mission and cross section values with the corre

sponding errors. The reduced data can be used by 

the programs for resonance parameter analysis. 

3.2.7. Miscellaneous Data Analysis Programs 

M.G. Cao, C. Cervini, M. Mancino, G. Nastri, 
and'H. Schmid 

Several programs for miscellaneous data analysis 

problems have been written: Error propagation cal

culations, detector response fluctuations, con

volution problems, calculation of fission widths, 
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partial integration of spectra, transformations of 

angular distributions, various plots of experimental 

data, isotopic analysis, various least squares fits 

of cross section and other data, normalization of 

experimental data, etc. 

System Analysis and Programming 

H. Horstmann, H. Schmid 

IBM 1800 Programs for Qn-Line Data Acquisition and 

Reduction 

H. Horstmann 

Interrupt programs for the control of the data trans

fer between a multi-channel analyser and the computer 

and vice versa have been written1in ASSEMBLER language. 

These routines perform a detailed check of the in

coming analyser data on a retry basis. In case of 

errors the analyser operator is informed by type

writer messages while the computer program automati

cally decides about the continuation or termination 

of the data collection. Correct data are stored on 

disk to be used later on for analysis. Total cross 

section data are reduced on-line by a special inter

rupt routine. 

An IBM 1800 Program Package for On-Line and Off-Line 

Operation of a Calcomp Plotter 

H. Schmid 

A set of plotter routines has been written in ASSEM

BLER language. Data stored as arrays or calculated 

by a user-written subroutine can be plotted with 

linear and/or logarithmic scales. The plotter can 

be operated off-line by the Calcomp 570 magnetic 

tape unit, on-line by the IBM 1800 computer like a 

slow input/output device or on-line by the IBM 1800 

in time-sharing according to the principles of 

multiprogramming (20). 
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(1) KOLAR, W., BOCKHOFF, K.H.: Resonance parameters of 

Pu-240. Part I: Neutron widths, J. Nue1.Energy ¿2, 
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Radionuclides 

Standardization 

International Intercomparison of Threshold Detectors 

organised by the CBNM 

R. .Vaninbroukx 

The measurements of about 300 detectors from 

15 reactors were finished and a first report has 

been submitted to the Euratom Dosimetry Working 

Group. A final report, containing calculated fluxes 

and spectral indices, is in preparation; first 

standards have been distributed. 

Low Energy y-Standards 

W. Bambynek, E.De Roost, H. Hansen, A. Spernol, 

W. van der Eijk, R. Yanihbroukx 

An extended program for the preparation of 0.2-0.5% 

accurate v-standards with energies between a few 

keV and a few hundred keV has been continued. 

The necessary accurate redeterminations of decay 

schemes have been continued and new counting equip

ment has been constructed. First standards have been 

prepared of 1 $ 7Cs, 241Am, 181W, 109Cd, 205Hg and 
1 39 

Ce, but the obtained accuracy was still worse 

than 1 to 3%» It will be improved constantly in the 

future. 

International Tntercalibrations 

E. De Roost, E. Funck*, W. van der Eijk, 

R. Vaninbroukx, A. Spernol 

In order to help to solve the discrepancies found 

for the mean numbers of neutrons emitted in ^ Cf 
56 fission, a ^ Mn mtercalibration was organized by 

Euratom Research fellow 
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the NPL Teddington. CBNM took part and complete 

agreement with other laboratories was obtained. 

Two chapters were written for the BIPM report on 

the international intercalibration of ^ Mn (1). 

4.1.4. ANS-Meeting Contributions 

A. Spernol 

. An invited paper on the activities of the radio

nuclides laboratory was contributed to the inter

national American Nuclear Society meeting in 

Washington (2). 

4.2. Assistance to other Laboratories 
?41 

4.2.1. Monitoring of Pu 
A. Spernol, R. Vaniribroukx 

The investigations on the best measuring methods 
?u1 

for the low energy P-emitter "' Pu have been finished. 

A coincidence counter with a thin plastic detector 

gave very satisfactory results for all kinds of 

solid sources and the proposed liquid scintillation 

method for liquid samples (3)« 

4.2.2. Measurements and Standards for other Laboratories 
a-

About 60 different special activity standards have 

been supplied to other laboratories in and outside 

the CBNM. More than 100 measurements with different 

methods were made for chemistry and sample prepa

ration, especially on Pu, U and Eu samples. Burn-up 

studies and several special measurements were per

formed for laboratories outside the CBNM. 

4.3. Improvement and Development of Counting Methods 

4.3•1• Improvements in 4^P-y Counting 

E. De Roost, E. Funck, A. Spernol, W. van der Eijk 

In order to be able to use shorter dead and coin

cidence resolution times in 4TTR_Y counting and, 
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thus, stronger sources, afterpulses caused by 

photons must completely be eliminated. This problem 

has thoroughly been investigated and it was shown 

that with cylindrical counters with short anode-

cathode distances dead times as short as 1 us can 

be used. All our 4-n counters for coincidence work 

were therefore changed according to the measured 

optimum conditions. 

A second improvement was reached by optimum choice 

of the cut-off energy in the 8-channel. This is 

possible, because the v-efficiency of the ^-counter 

depends rather strongly on this cut-off energy. 

This was not recognized before, but our extended 

measurements on the Y-efficiency of the S-counters,/ 
which still are continued, showed this dependence 

quite clearly (4-). 

Í3.2. New instruments 

An anti-Gompton counting apparatus is under con

struction. A central Ge(Li) crystal of about 

1 cm^ volume will be surrounded by two 6" 0x3" 

height Nal crystals. The instrument could also 

be used as a pair spectrometer. 

4-, Determination of Nuclear Constants 

^.1. Fluorescence Yields 

W. Bambynek 

The determination of the fluorescence yield of Cu 

after ^Zn electron capture decay has been finished 

(5). Excellent agreement was obtained between the 

two different methods used for the X-ray counting. 

The result 0.4-36 _+_ 0.003 agrees well with other 

recent measurements. Investigations on -'Sr are in 

progress and on Y in preparation. 
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Decay of j'Cs 
^ 

H. Hansen, G. Lowenthal ', A. Spernol, W. van der Eijk, 

R. Vaninbroukx 

The measurements on the beta branching and the con

version coefficient, the two key constants in the 
1 57 

Cs decay, have been finished (6). The ratio of 

emitted electrons plus 6-rays to emitted y-rays has 

been determined to (1.289 ± 0.2)%. The K-conversion 

coefficient to 0.0916 +. 0.0004 and the K/(L + ..) 

conversion ratio to 4.41 +_ 0.04. From these data the 

intensity of the ground state B-transition can be 

determined to (5»4. +_ 0.5)% and the total conversion 

coefficient to 0.1124 _+ 0.0005. 
Decay of ^8Co 
V. Bambynek, E. De Roost,' E. Punck+; 

Go-58 sources were prepared by evaporation and 

electro-deposition and measured with many different 

methods. First results on all branches of the decay 

were reported to añ international conference at 

Debrecen (7). 

Decay of ^Be 

E. De Roost, M. Mutterer+{ A. Spernol, 

W. van der Eijk, R. Vaninbroukx 

The preparatory work for the measurement of the 
7 

branching in the Be decay has been finished. 

The equipments for source preparation by fused 

electrolysis and by evaporation have been installed 

and first sources were prepared. The theoretical 

studies of the expected disturbing effects were con

tinued. Measurements on the dependence of the half-

life on the chemical state, and on the branching 

ratio were started. 

+ EURATOM Research fellow 
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^.4.5» Conversion Coefficients 

H. Hansen, S. Hellstrom +^, G. Maillé +^ 

Triple coincidence measurements of the conversion 
159 ' 

coefficient in ^ Ce decay are nearly finished. 

Measurements on' 'mSr, ' Tm and ' ^mSn are in 

preparation, as is also an extended investigation 

by at least 5 different methods on %g. Some 

theoretical studies on penetrationo effects in con-% 
version have been performed and will be continued. 

4.4.6. Half Lives of the Uranium Isotopes 

A. Spernol 

About 20 sources were measured in low geometry 

counters under different conditions (geometry, de

tectors, cover foils) for the half-life determination 

of 253TJ, 254U and 2 5 5U. While the first series of . 

a few half-life measurements showed a standard 

deviation of better than 0.1%, the second series 

was much worse. A new series of measurement-s under 

improved conditions is in progress. 

4.4.7. Decay of 170Tm 

H. Hansen, S. Hellstrom 

170 The intensity of the EC-branch in the Tm-decay 

has been determined using our high resolution Si(Li) 

spectrometer (8). 

¿t.4.8. Microcalorimetr.y and Half-Life of T1-* 

G. Bortels ' • . 

The measurements have been finished. A half-life of1 . 

('-$••77 +. 0.02) years (standard error 0.00$ y on 

61 measurements) was found "for the Tl mVtal and 

a ^lightly less accurate value within the error ' 

limits of the first for à nitrate. These results 

'Euratom Research Fellow 
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agree very well with a similar measurement at 

Mound Laboratory, but is 1-2% lower than recent 

results from counting methods (9)» 

4.4.9. Various Investigations 

A fi-spectrometer investigation on the number of 
7 

continuous electrons emitted in the decay of Be 

proved, that it can be neglected for investigations 

of the Y-efficiency of 8-counters, if the B-cut-off-

energy is above 100 eV. A short measurement of the 
54 number of K-X-rays in the y Mn decay in dependence 

of the chemical form of the radioactive source 

showed that this dependence is very small, if it 

exists. The measurements have to be repeated under 

more favorable conditions. 

The total number of y-rays in the Mn decay has been 

determined to (142 _+_ 1)%, -in-d is agreement with jpresent-

ly. accepted values. 
147 

The intensity of a Y-ray in the Pm decay, which 

is presently regarded as a pure 8-decay, is under 

investigation. 

Our investigations on the Co-decay were recently 

published (10). 
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5. Mass Spectrometry 

5.1. Isotopic Analysis of Solids 

P.J. De Bièvre, G.H. Debus 

5.1.1. Isotope Standards 

5.1.1.1. Boron 

The absolute determination of the Boron Isotope 

Standard has been presented at the 16th Annual 

Conference on Mass Spectrometry and Allied Topics 

in Pittsburg (USA) (1) and published (2). 

At our.request other laboratories determined the 

absolute isotopic composition against their own 

synthetic isotope mixtures. The results are: 

CBNM 

KAPL 

NBS 1st 

2nd 

NBL 1st 

2nd 

10B/11B 

0.24726 

0.24734 

0.24-730 

0.24732 

0.24733 
0.24738 

atom ratio 

t 0.00032 

± 0.00050* 

+_ 0.00025* 

+_ 0.00025* 

+. O.OOO5O* 

± 0.00050* 

* private communication from 

Dietz (KAPL), Shields (NBS) 

and Finley (NBL). 

. Standard Boron samples have been distributed to 

several European and U.S. Laboratories. 

5.1.1.2. Lithium 

P. De'Bièvre, J.. Pauwels* 

A method, for the chemical determination of Li, 
6 1 

to assay Li and /Li solutions for the prepara" 

of isotope mixtures, is available. 

* Research .Fellow,-. University of Gent. 
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Four techniques, i.e. titration against benzoic 

acid, titration against HC1 (and Ag), gravimetry 

of LipCCK and gravimetry of Li^SCL agree within 

0.02% (3). Synthetic isotope mixtures have been . 

prepared at the 2% - 7 % - 7-5% -,8% -. 20% - 50% 

- 80%'and 92.5% 6Li level. 

Mass spectrometric measurements with a 0.2% re

producibility have been performed. 

5.1.2. Absolute Isotopic Analyses 

5.1.2.1. Pure Boron layers 

The isotopic definition of very small amounts of 

evaporated metallic Boron Samples (~ 40 ug) has 

been continued successfully. The relative accuracy 
10 on the B content has been improved from 0.25% 

to 0.15%, thus reducing considerably the contri

bution of the isotopic analysis to the uncertainty 
10 . of the absolute B content in evaporated Boron 

layers. 

Three layers have been certified to 0.25%, and 

•9 layers have been certified tb an accuracy of 

0.15%. -, 

5.1.2.2. Umpire Qualification Program 

The measurements to qualify for isotopic analysis 

of Uranyl-nitrate and UïV (converted to nitrate), 

have been achieved with reproducibilities of 0.1%. 

Í5.1.2.3. Isotopic Analyses 

(Only analyses yielding a certificate are mentioned; 

standards, calibration and procedure runs are not 

included). 
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External 

BGMN 

Total 

Re 

Fendin 

1967 
56 

66 

122 

quests 

S 
1968 

159 
93 

252 

Total 

215 

159 

574 

Analyses 

Per- Can-
formed celled 

149 

108 

257* 

2 

2 

Re
fused 

15 

9 

24 . 

Tot 

Requests 
pending 

1968 

166 

117 

383 

49 

42 

9 1 

* in 1967 a total of 221 analyses were performed. 

5.1.3. Isotopic Dilution 

Quantitative determinations by isotope dilution 

have been performed on Pu : ~ 10 ug/g solutions 

were defined to <_ 3% accuracy. 1%, 20 ppm and 

2 ppm Eu in Al/Eu alloys have been determined to 

1.5% accuracy. 

5.2. Analysis of gases 

T. Babeliowsky, G.H. Debus 

5.2.1. Correlation of Density and D^O Content of Heavy 

Water 

The density of two waters from "Eidgen. Institut 

für Reaktorforschung "Wurenlingen, Switzerland, 

has been determined. Corrections were applied for 

the heavy oxygen and the H-content given by this 
25 institute. The obtained values for d~¿ (D-O) 

(1.10776 and 1.10778 g/ml) are to be compared with 

our previously determined density of 1.10780 g/ml. 

The literature value is 1.10772 g/ml. 

5.2.2. International Heavy Water Program 

The results obtained on our reference water in 

Sweden is 99.877 mole % D20. This value is much 

higher than the results obtained previously in 

Canada (99.818 mole %) and at the CBNM (99.836 mole %) 
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The sample will be.remeasured and then sent to 

other laboratories. 

5.2.3. Normalization of Oxygen Isotopie Content of D^O 

A glass apparatus to normalize the oxygen isotopic 

content of 15 ml D~0 samples at 80°C by exchange 

with a COp stream, was built and. tested during 

20 runs. The density difference before and after 

normalization reproduces to within 6 x 10"*D g/ml. 

The contamination will be determined by D/H mass 

spectrometric analysis. 

5.2.4. Measurement of D^O Content by Infrared Absorption 

Preliminary measurements of the HDO absorption at 
-1 5400 cm have been done on a Perkin Elmer grating 

spectrometer at the University of Leuven. A program 

(for IBM 1800 and CALCOMP PLOTTER) has been written 

to compare transmission curves for two different 

heavy waters with known difference of the HDC con

centration. This should lead to . the zero concen

tration transmission curve and to the determination 

of the absolute HDO concentrations. Contamination 

effects are still appreciable. 

Publication on Mass Spectrometry (Chapter 5) 

(1) DE BIEVRE, P.J., DEBUS, G.H.: 16th Annual Conference 

on Mass Spectrometry and Allied Topics, ASTM-E14, 

Pittsburg U.S.A.,. May 1968 

(2) DE BIEVRE, P.J., DEBUS, G.H.: Absolute Isotope Ratio 

Determination of a Natural Boron Standard, Intern. 

J. of Mass Spectrometry and Ion Physics, February 

1969 

(3) PAUWELS, J., LAUER, K.F., LE DUIGOU, Y., DE BIEVRE,P., 

DEBUS, G.H.: Anal. Chim. Acta 4¿ 211 (1968) 
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6. Sample Preparation and Assaying 

6.1. Samples delivered 

G.H. Debus, K.F. Lauer, H. floret, J. Van Audenhove 

204 new requests for samples were received in 1968 

which is a slight increase compared to 1967 

(197 requests). 

A total of 1209 samples covering 136 orders were 

carried out. The statistical information concerning 

the different applicants and the preparation tech

niques used is given in Table V. From the 136 or

ders carried out, 33»8% were covering Euratom needs, 

61.1% concerned activities in different European 

laboratories and 5.1% supported projects outside 

the Community. Compared to the figures of 1967 

(see Progress Report 1967) the following points may 

be indicated: 

1. the number of requests from the different European 

laboratories increased considerably 

2. the total number of orders carried out increased, 

but the number.of samples decreased. This is due 

to the fact that in the field of alloys, used 

for detectors, there is a marked tendency to 

apply for bulk materials (sheets and wires) 

rather" than f or ?the more costly large series of 

well defined samples 

3. the BCMN programs (e.g. measurements of half life 

time of uranium and plutonium isotopes, different 
10 241 241 cross sections-of B, Pu and Am) take the . 

major capacity of the preparation techniques 

vacuum evaporation and chemical techniques. 
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Table V: Samples delivered 

Applicant 

A. Inside the Com
munity 

a) Euratom 

ISPRA 

CBNM 

Karlsruhe 

Total 

b) National Labo
ratories 

Belgium 

France 

Germany 

Italy 

Netherlands 

Total 

c) Universities 
and other 
laboratories 

Belgium 

France 

Germany 

Italy 

Netherlands 

Total 

B.Outside the Com
munity 

Canada 
: Austria 

U.S.A. ; 

Total 

General total 

(1) Metallurgical 
techniques 

(2) Vacuum Evaporatior 
(3) Chemical technique 

NUMBER OF 

Met. 
(1) 

11 

24 

-

35 

17 
-

2 

6 

3 

28 

2 

1 

.-

3 

5 
-

5 
72 

• 

L 
S ' 

Evap. 
(2) 

-

. 4 

-

4 

3 
4 

3 
-

-

10 

2 

10 

1 

2 

1 

16 

-

30 

ORDERS 

Chem. 
(3) 

-

6 
1 

7 

1 

5 
4 

4 

-

14 

- • 

9 
2 

1 

12 

1 

1 

2 -. 

55 , 

- • " . " 

Tot.. 

11 

54 

1 

46 

21 

9 
9 
10 

- 3 

52 

4 

20 

3 
. 3 

1 

51 

:' 5 
1 

.1 

7 
136 

NUMBER.OF 

Met. 

0) 

508 

76 

-

584 

- 21 

-

• 5 

204 

11 

'241 

4 

10 

"• -

-

3$ 

74 

74 

713 

Evap. 
(2) 

-

32 
• - • 

32 

151 

18 

9 
-

-

.158 

18 

45 

2 

16 

3 

84 

• v 

274 

.. - - ' 

SAMPLES 

Chem. 
(3) 

-' 

33 
10 

43 

1 

16 

35 
' 4 

- -

'56 

. -

105 

2 

*"• 6 

• -

113 

1. 

.-9 
10 

, 222" 

• - ; • • 

Tot. 

308 

.141 

10' 

45.9 

" 

153 
.: 34 

49 
; 208 • 

11 

455 

22 

.160 

4' 

22. 

3 . 

211\ 

j ?*. 
' 1 

9 
84 

1209 

/. . 
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6.2. Development 

6.2.1. Metallurgy 

J. Van Audenhové 

6.2.1.1. Spark Emission Machining 

Spark erosion conditions, electrode materials and 

shapes have "been determined for the machining of 

Ge-crystals. 

6.2.1.2. Purification and Crystallization of Amorphous 

B powder 

The total amount of impurities (except C and Si) 

has been reduced from more than I3OOO ppm to less 

than 27OO ppm and a crystalline material is ob

tained by electron beam melting of pressed and 

sintered compacts. 

The following other methods are under investigation: 

- vertical zone-refining by high frequency induction 

heating of isostatic pressed and sintered rods 

- vertical zone refining by electron bombardment of 

isostatic pressed and sintered rods. 

6.2.1.3. Evaporation by Induction Heating 

The ultra-high vacuum high frequency lévitation 

facility here developed has been patented in 

12 countries. A commercial firm will build this 

equipment under license for the semi-conductor 

industry. Results (1) concerning the evaporation 

of metals and semi-conductors in ultra high vacuum 

by induction heating has been presented at the 

"Colloque international sur les applications des 

sciences et techniques du vide aux revêtements et 

états de surface" at Dijon (15-19 October). 

6.2.1.4. Quantitative Alloying 

Quantitative preparation methods for alloys with 

practically all metals and semi-conductors as base 

material have been developed. The homogeneity con

trol is under investigation. 

\ 
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It has been proven by isotope dilution and by 

analytical chemistry that the preparation of Al-20 

ppm Eu is possible with a quantitativity, repro

ducibility and homogeneity of 1.5%. 

6.2.2. Chemical Preparation Methods 

K.F. Lauerj V. Verdingh 

?4? ?41 
6.2.1.1. Am and Pu Program 

241 In view of the preparation of series of Am and 
241 Pu samples for a m and a „ measurements at the ni n,i 

LINAC, a study of the most suitable method for the 

preparationfcanning and handling of samples of these 

highly active substances was made. 

Settling techniques proved to be the best method 

for the preparation of oxide samples. 

Uranium oxide was used as a dummy. With this com

pound dummy samples, were prepared which meet the 

requirements set for final samples (X-ray controls 

were performed). 

Packing, sealing and handling of-the samples was 

studied in close collaboration with the workshop. 

Different canning methods will be used for the 
241 241" • 

Am and Pu samples. 

The preliminary studies for the preparation of the 

samples are concluded. Some construction modifications 

of the canning apparatus are still to be done. 

6.2.2.2. Molybdenum Isotopic Samples 

Settling and pressing techniques were used for the 

preparation of molybdenum samples (100 mg/cm -600 mg/cm ) 

First experiments were made with molybdenumoxide. 

A slightly modified technique is used for the pre

paration of metallic Mo powder samples. 

A vacuum canning and sealing device was constructed. 

Yield and' recovery were studied in order to restrict 

losses to a minimum. 

The preparation of isotopic samples will be started. 
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6.2.3. Evaporation Techniques 

H. Moret, H.L. Eschbach, G. Müschenborn 

6.2.3«1.Boron Reference Samples 

In connection with the high precision requested for 

the definition of mass of the boron reference layers 

it proved to be necessary to examine different 

minor effects which might influence the reliability 

of the mass determinations. To this end a series 

of systematic measurements has been started beginning 

with the weighing under vacuum of a gold coated 

quartz disk after different thermal treatments. It 

..-••••*. could be shown that after bakeout with oven and 

•quartz disk at elevated temperatures reproducible 

mass readings can be made as long as the temperature 

of the oven is kept constant. In cooling down, how

ever, a significant change corresponding to a de

crease in mass of several micrograms was observed 

regularly. After passing through a minimum mass, 

readings increase again approaching a constant 

value after about 26 hours. Although the"principle 

of substitution which is applied in the uhv balance, 

should exclude errors in mass determination due to 

slow changes in temperature, there is evidence that 

the initial decrease in mass readings is caused by 

the variation of the temperature gradient during the 

cooling period. These measurements were carried out 

both before and after deposition of a thin boron 

layer. In all cases similar curves resulted. An ana

lysis of the results shows that under existing con

ditions an accuracy on the mass determination of 

boron layers of better than 2 ug is hardly feasible. 

Major improvement can be expected by evaporating 

and weighing under uhv conditions with a thermally 

shielded balance. 
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6.2.5*2. Uranium Reference 

As a consequence of 12 experiments to evaporate 

metallic uranium by electron bombardment it was 

concluded that the deposition of very pure and 

rather thick uranium layers is extremely time 

consuming and cumbersome. It was therefore de

cided to change the existing uhv unit and to in

corporate the necessary facilities for lévitation 

evaporation. Most of the required changes have al

ready been carried out and a series of small changes 

of metallic uranium (between 0.5 and 2 g each) have 

been prepared and degassed by electron beam melting 

in ultra-high vacuum. First tests with lévitation 

evaporation can be started as soonas a suitable high 

frequency feedthrough is available. 

6.2.3•3. Other Samples 

The different types of miniature evaporation sources 

developed for use With small amounts of expensive 

material are being employed frequently. A paper ' 

discussing the different constructions and their 

applications has been accepted for publication (2). 

Publications on Sample Preparation and Assaying (Chapter 6) 

(1) VAN AUDENHOVE, J., JOYEUX, J., PARENGH, M.: Evaporation 

metals and semi-conductors in ultra-high vacuum by in

duction heating, Supplement to "Le Vide" N° 136 (1968) 

(2) ESCHBACH, H.L., GRILLOT, A.: Construction et caractéri

stiques de sources miniatures d'evaporation. 


