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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 sﬁggested that experimentators should be contacted
in this respect. '
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1.1

1.2

3 MeV Van de- Graaff

High Resolution Resonance Spectroscopy
G. Rohr, K.-N. Miller, M. A. Kazerouni

Measufements of total neutron cross.seétions were continued with
4 - . i
5Sc 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 52

Analysis of data - on ~ Fe and

57

Cr is not yet completely finished.
In the case of “'Fe inelastic scattering above 14.4 keV is possible
for compound resonances with spin 1 ana one has to use two channel
multilevel formula to find the reSonanEe parameters. The existence

of the (n, n'y) reaction was proved by detecting the 14.4 keV y-energy
with a NaI(Tl)-detector. Inelastic Scattering is a possible method

not yet used for the population of the M6Bbauer level.

Starting from a set of single particléllevels within the shell model
level densities in the région of neutron binding energies werevcalculated
for nuclei between A 4 40 and A 2 70. To improve the model pair correla-
tions were taken into account. Similar to an approximation of Block and
Feshbach 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.

Radiative Capture Cross Sections

D. Kompe, A. Efnst

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

cages, especially for the d-wave, from our preliminary results where
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inelastic scattering had been neglected [17. The revised values
are given in Fable 1 /27.

The linearity and count rate independence of the electronic equipment
associated with the 800 1 1liquid scintillation detector were improved.
Capture cross sectlons measurements on a number of- seperated isotopes

are being prepared.

Table 1

Element S, <10t - R 10t §é . 10t
Nb 0.4 11 3.2 0.4t 0.3
A 0.45 Co75t13 0 30t
Cs 0.7 3.9 1.0 e t1s
HE 2.5 0.1% < 0.06 2.1 % o.7
Ta 2.1 | . 0.1 Zo0.04 2.21o0.5
W 2.1 0.3 < 0.09 0.7 £ 0.15
Re 2. | 0.1 6.3 % 1.0
Au 1.6 0.19 < 0.04 1.0 0.4

x values from /3/

/1] EANDC Progress Report (E) 89 "U" (1968)
/27 D. Kompe, Nucl. Phys., to be published
(3 K.K. Seth, Nuclear Data A 2/3 (1966)



1.3 High-Precision Measurements of Pu2

1.4

39 233

aﬁd U Fission Cross

Between 5 keV and 1 MeV

Sections Relative to U235

E. Pfletschinger and F. Kappeler

. Relative fission cross sections of 13‘1.1239 and U275'—5 were measured,

with UE—'I)5 as the reference nuclide, in the neutron energy range
between 5 keV and 1 MeV. Neutrons were produced via the Li7 (p, n)
reaction. Below 30 keV the time-of-flight method was used, above

20 keV we worked with monoenergetic neutrons. In order to increase
the precision all corrections were redﬁced as far as possible.
Background was minimized by simultaneoué registration of both fission
fragment: ir .. e “wo ralves of a gas sbintillation detector. Two

suchi 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 (U235). With this technique
. N A

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. ? 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 agrée quite well with
Davey's recommended values / 1 7. The_thfckness of the foils is

L

being determined‘accurately at CBNM (deel).

P29

H. MeiBner, R. E. Bandl

- @ - Measurement

Detectors have been prepared for a measurement of &, the capture
to fission ratio, for Pu239 in the enérgy range 7 - 60 keV. Here _
@ will be determined byha measurement of the transmission of a
metallic Pu sample, the flux of neutrons scattered in the sample

and the number of fission neutrons. The‘measurcment will begin: in

~in the near future.

[1/ W. G. Davey, Nucl. Sc. and Eng. 32 (1963) 35



'1.5 Operation of the Machine
H. MieBner

i
v

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

amplitude of satellite pulses from A 3 x 10-3 (relative to that of

the main pulse) to less than 10-4' Furthermore the beam current of the-
i _machine could be increased by %0 ~ 50 % for measuring periods of several

days.

2. Neutron Capture Gamma Ray Spectroscopy.

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

At the Karlsruhe research reactorFR2 the excited states of several

nuclel in the mass regions 50<A <100 and 150<A < 190 have been investi-
gated using fadiative capture of thermal neutrons. Thé nuclei studied

are F‘e58, Ni62, Zn68_,'Sr88, M098, Dy165, Er167, Er168,.;and Yb169.' High
resolution measurements of the gamma-ray spectra have been performed
utilizing a Ge(Li)Aanti—Compton spectrometer [17'1n the low-energy

region ( < 3 MeV) and a Ge(L1) pgif spectrometer Zé] for the high-energy
transitions ( > 2.5 MeV). Up to 400 .gamma linés‘pér sample have been
detected in the spectra. The high éccuracy of the data ZZ] allows the
appliéation of Ritz's combination principle to excitation energles up

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 t@b-

> Ge(Li)- 3 " x 3" NaI(Tl)

coincidence apparatus /47 and a system with two 4" x 5" NaI(T1) detectors.

parameter measurements. lising both a 34 em

Leve; spins and multipole mixing ratios have been determined by,meaﬁs of
an angular correlation spectrometer /B/ consisting of two 4" x 5" NﬁI(Tl)
cr&stalé.tln both the coincidence and the angular porrglatiqn‘experimqhts
exténsiﬁe use 1s made of the capabilities of an onflihe oomputer. For
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instance, more than 30 gamma-gamma angular correlations can now be

measured simultaneously.

For a detailed discussion of the results on Fe58 and Yb169 see refs. ZE'._§7.
An extensive analysis of the data on Niég,‘Frl67 and Er]68 will be
published in the hear future Z@} ]Q7. 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 ipteractions give quite good
agreement Z@,_gz A comparison of the data on deformed odd nuclei with own
theoretical calculatiens shows that the eiperimental results can be well
interpreted within a model which takes into account pair correlations,
quasiparticle-phonon interaction, rotatioﬂ-vibration.intergction and
Coriolis coupling [B, 1Q7Q The calculations pefformed predict the energy
and structure of individual levels, the rqtios of intensities fqr gamma-

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

/17 W. Michaelis and H. Kiinfer, Nuclear Tnstr. and Meth. 56 (1967) 181

/2/ G. Markus, W. Michaelis, H. Schmidt and C. Weitkamp
7. Physik 206 (1967) 84

/3/ F. Horsch, O. Meyer and W. Michaells, Proc. Int. Symp. on Nuclear
Electronics, Paris, September 1968; KFK 778 (1968) A

/4 U. Fanger, KFK 887 (1968) )
/57 H. Schmidt, KFK 877 (1968)
/6/ - U. Fanger, W. Michaelis, H. Schmidt and H. Ottmar
Nuclear Physics (in press)
/7/ H. Schmidt, Nuclear Physics (in press)
/87 W. Michaelis, F. Weller, ‘H. Schmidt, G. Markus and U. Fanger,
Nuclear Physics A 119 (1968) 609
/9/ U. Fanger, R. Gaeta, W. Michaelis, H. Ottmar and H. Schmidt
Nuclear Physiqs, to be published' ’
[EQ7 W. Michaelis, F. Weller, R. Gaeta, H Schmidt G. Markus and U. Fangor,
' .Nuclear Physics, to be published '
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3.3

3.4

" The line shape measurements of the 6.68 eV resonance in

-6 -

Slow Neutron Inelastic Scattering.

Scattering Law Measurements

W. Gldser, K. B. Renker, W. Schott

A full account of scattering law data for reactor moderator materials
measured and evaluated at Karlsruhe has been given recently [17, also

a detailed report Qn‘graphite scattering law data was published Zé].

Measurements on solid HEO were completed., The derived generalized
frequency distribution showed reasonable agréement with cecalculations

for a simple dynamical model for ice /3/.

Experiments dedicated towards an understanding of the molecular dynamics

of solid hydrogen were completed [E/. A generalized frequency distribu-

t

tion was derived from the scattering law data.

Chemical Binding Effects on the Line Shape of the 6.68 eV Resonanz in
238 : '
U

E. Albold
238

U as a
function of temperature usingz a high resolution crystal spectrometer
and the analysis of data using the scattering law tormalism 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 1t's temperature dependence using simple

models and a fixed Debye temperature.

Phonon Dispersions in Metals

' W. Drexel, W. Gldser, R. Orlich

Phonon dispersioﬁ measurements in pPlatinum at room temperature have

been completed [EZ. The study of phonon dispersion in silver has been

~ started. /B/

New Techniques
F. Gompf, W. Drexel

A new bechnique for time-of-flight experiments in slow neutron elastic
and inelastic scattering work has been developed and successfully tesped
in the reported period. This technique replaces the conventional beam

pulsing by pseudostatistical pulsing and the cross correlation technique



for analysis.
“A time utilization of the continuous beam of 50 %vis realized in this
way Zi7. For increasing the reactor néutroh‘intensity in thé 0.2 = 0.3 eV

range a "hot neutron source" has been constrirted and tested /8/.
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4.2

Isochronous Cyclotron

8. Cierjécks, P. Forti, D. Kopsch, L. Kropp, J. Nebe, H. Unseld

ADevelopment 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 em 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 cm2 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 §2 impedance and a
reflection coefficient of smaller than 2 %, First runs withFQOO kc repe-

tition rates are expected to be done early in 1969.

[17 ' S. Clerjacks, B. Duelli, P. Forti, D. Kopsch, L. Kropp, M. Lisel,
: J. Nebe, M. Schweikert, H. Unseld

Rev. Sci. Instr. 39 (1968) 1279 - 89

/27 - 8. Cierjacks, B. Duelli, P. Forti, D. Kopsch, L. Kropp, M. Losel,
J. Nebe, M. Schweikert, H. Unseld, '

KFK-Report 959 (1968)

Total Cross Section Measurements

Total reutron cross sections of F, S8i, Cl1, K, V, Cr, Co, N1 and Mn
were measured from about 0,5 to 30 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

£ 2 %. Absolute uncertainties are less than 3 #. 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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Partial Cross Sections Measurements:

In the energy range 5 MeV f—En < 30 MeV the charged particles
' ' : 9

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, 4, t,

and @ is underway.

The experimental set-up for the (n, n'y) reaction measurements has
been completed. First measufements of these reactions on light
nuclei with Ge(Li) detectors will b§ done with the time-of-flight
spectrometer in spring 1969. |

Subthreshold Fission Cross Sections of U238

-S. Cilerjacks, P. Forti, F. Kappeler, D. Kopsch L. Kropp, Je Nebe

E. Pfletschinger

Preliminary measurements of the fission cross section of-U238

were performéd in the energy range from A 0.5 - 30 MeV wifh
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argon gas seintillation detectors..The result of subthreshold fission
below arl.Q MeV is of special interest with respect to the theofie of
fissionApchesses. The first results were obtained with poor statistieal
accuracy énd are not yet conclusive as to a periodical appearance of
clusters of resonances és was found in the subthreshold fission cross

240 Np 27 ana P,

sections of Pu

For the fission cross sections of U‘?}8 in the energy range from 0.5 - 30 MeV
the well known n-p séattering 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 cdmplicated structﬁre of the total cross sections in the

faét neutron energy region for intermediate and heavy weight nuclei can
be assumed mainly to be caused by isolated compound nuclear ievels,

Ericson.fluctuations, fluctuations in spacings and widths of the compound

'nuclegr levels and possibly intermediate structure in the sense of Block

and Feshbach.

A microscopic resonance analysis for s-, p- and d-waves has been ﬁerformed
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 sccuring 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.

./1/ 8. Cierjacks, P. Forti, D. Kopsch, L. Kropp,.J. Nebe

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

Washington D.C., March 68, NBS Spec. Publ. 299, p 743

/2/ 8. Cierjacks, P. Forti, D. Kopsch, L. Kropp, J. Nebe
~ KFK-Report 840 (1968) '
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5. New Developments in Instrumentation

5.1 On-Line Computers

@. Ehret and H. Hanak

. !he operation of MIDAS (Multiple Input Data Acquisition Systeh) as
an on-line real-time multichannel analizer'with a total capacity of
about 262.000 .channels has been provendvery useful during routine
operation round the clock 15 the reperted period. An efficiency of
more than 97 % was achieved. The main effort in programming was in
optimizing the system routines.'Thé liérary of the experiment-oriented

measuring subroutines has been.considenqbly extended.

Several new programs for the time-of-flight experiments at the
1sochr6nous gyclotron using the CDC 3160 were designed and tested.
The maximum-input rate could be increaSed from 8000 to 16000 events per
sec..Studies>aiming at a further increase resulted in a direct-access con-
cept allowing programecontrolled on-line correction of linear drifts
of time-of-flight spectra at a rate ofgmore than 100000 events per sec.
The construction of the necessary units is in progress.

- The CAE 510 installed at the 3 MeV vanide Graaff was running in routine

: operation.

5.2 Semioconductor Spectrometers

'W. Michaelis, F. Horsch, D. Lange, O. Meyer, U. Tamm

5.2.1 Detector Technology
The main activities were concentrated on a tﬁ;ough study of ion implan-
tation teehniques-[i - 6/. The thickness of ‘the entrance window of ion-
1np1anted semiconductor counters was 1ntestigated by pulse-height defect

meaeurements. The dependence of window thickness D on reverse vbltage UA

" may be described by the function U, = F(D) 7 . The influence .of the
folloving parameters on the constants F and?l was measureds
doping ooncentration of the base material, energy of the 1mplanted ions,
total number of implanted 1ons,,annealing temperature and crystal orientation

5.
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For boron-implanted contacts a formula was found that describes the
experimental results within 20 4. An analytical treatment of detector
characteristics 167 allows the calculation of the depth concentration -
of electrically active centers starting from the measured dependence
of the window thickness on reverse voltame. 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 oroved to be lass sensitive to changes of ambient

atmosphere and to mechanical touchine than surface barrier detectors.

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

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

using material in which electrically active defect centeré 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 Ge(l.i) detectors has been studied experimen-

tally for counters ranging in sive between .8 and 28 cm'-6 /7, @7.

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. For these purposes a ultra-hieh precission pulse generétor

has been designed which has an instability of < 10 ppm/OC and a nonlinearity of
ﬁrs 10 ppm [97. For applications.where optimum eneregy 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 /10/.

The performance of the anti-compton spectrometer [ﬁl] has been further im-

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

now achieved in the MeV region /3/. Theoretical studies on the new internal

' palr formation spectrometer [Eg7 show that the response characteristics of the

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

used for focusing the positfdn-electron pairs on the semiconductor telescope.
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Tiefe Temperaturen, Thermodynamik; Berlin, Mirz 1968

O.'Meyer, Semiconductor Countérs wifh Thin Window n+ and p+

Contacts Produced by Ion-Implantation; IEEE Trans. NS-15 (1968) 232

F. Horsech, O. Meyer and W. Michaelis,
Proec. Int, Symp. on Nuclear Electronics, Paris, Sept. 1968;
KFK 778 (1968) '

‘0, Meyer, Meeting on Special Techniques and Materials for Semicon-

ductor Detectors, Ispra, Oct. 1968

0. Meyer, Nucl. Instr. and Meth. (in press®

0. Meyer, Nucl. Instr. and Meth. (in press)

‘W. Michaelis, Nucl. Instr. and Meth. (in press)

W. Michaelis, KFK 865 (1968)

F. Horsch, KFK 558 (1968)

W. Michaelis, Nuel. Tnstr. and Meth. 61 (1968) 109

V. Micﬂaelis and H. Kiipfer, Nucl. instr. and Meth. 56 (1967) 181

W. Michaelis and D. Lange, Nucl. Tnstr. and Meth. 58 (1968) 349
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II."KERNFORSCHUNGSZENTRUM KARLSRUHE (GCERMANY)

INSTITUT FUR NEUTRONENPEYSIK UND REAKTORTECENIK

Neutron Nuclear Data Evaluation

B, Hinkelmann, B, Krieg, I. Langner, J,J. Schmidt, F. Siep, D. Woll.

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

KFK 120 / part II in 1962) much improved and enlarsed valume with tables
of evaluated "vest" microscopic cross sections and related nuclear data
for the most important reactor materials was edited 1_1_7 ¢« Being essen=-
tially a copied prinf—out of the ¥Xarlsruhe 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
Pueho. Pu2h1 and Pu2h2 performed by the group of Prof, Yiftah in collab-
oration with Karlsruhe as part of a contract between the TECHNION, Haifa,

and the .Gesellschaft fiir Kernforschung Karlsruhe is finished 1-2_7 .

Before entering these data into the KEDAK file capture cross sections and
resonance parameters for Pu2h0 were still improved by taking into account

‘the recent comprehensive resonance results obtained at Geel, As part of

a new two years contract the present evaluations for Pu2ho. Pu2h1 ahd Pu2h2
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 .

ip'order to enable the transfer of the KEDAK file to the IBM=360/65 recently
installed at Karlsruhe and to the Saclay CCDN computer, a card image format
has been developed for KEDAK /73 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 and Puo3Y

section measurerents particularly for U has been started, in
close interaction with intesral experimental results obtailned at the
Karlsruhe facilities CNFAK and SUAK, Tirst results of these investigations
together with the feedback on reactor physics calculations were reported at
the International Vinter leeting of the tmévicen Tuclear Society at

vashington, November 1068 /"L 7

The treatment of inelastic scattering within the reactor rhysics computer
prograns was improved over the nitherto uséd ABN.scattering matrices by
making use of the evaluated excitatiqn cross section data from KEDAK in the
region of resolved rest nucleus levels and?of the evaporation model in the

so=called "continuwn" range.

In the framework of +heoretical safeguard investigations the methodically

st11l simple derivation of five=group cross section sets for OY Tps Op
- - v . - .

and v for a scries of Pa, U, ¥p, Pu, Am and Cm 1sotopes was started.

)

As one of the main users the Karlsruhe nuciear 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 retrievel systen (SCISRS-II) 1-5_7 + At several
occasions reviews were piven on the technical principles and the organizae- .

tional aspects in the field of neutron nuclear data evaluation /76,7 7 .
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Fine structure in fission fragment charge distributions.

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

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 fragmenfs, since the chgrge changes with

time within each mass chain due to beta decay. For the deterﬁination
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 nuélear shells and the pairing effect cause fine

structures in the charge distributions,

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 fo 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 épectrometer which coincides with
the exit boundary of the magnet, particles with known energies and
ionic charge states can be spafially separated according tq their
mass number, as is shown in fig 2. Fiésion 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 41 -
proportional counter. With both methods the number of emitted.beté

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, Zpr’ can be immediately

conduded from the number of beta-particles by Zp = ZS - n, where

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

c;nge number of the mass chain investigated, which is known from the
nuclgar 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 fhe charge
distribqtion, can be approximétely estimated to be small. They can be
discriminated against only roughly by their low energy. To avoid this
problem which is inherent to the'emulsion method, another series of -
experiments was performed using the Aﬁ’-prbporfional counter. In the
counter the conversions electrons following the preceding beta particle
within the large coincidence time of Smsec are scaled just as one
event. By this method clearly not the whole distribution of charge,

just its average value can be deduced.

Results

Fig 3sshows the average primary charge of the heavy fragments from our
measurements as compared to the best fit of cofresponding radiochemical
data as given by Wahl (3). The observed dip at mass number 132 to

32

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
138
54 4
can be read from the figure., Neighbouring odd mass chains (A=137,139)

of the doubly even nucleus Xe with increasing fragment kinetic energy

do not show this effect, as is more explicitly indicated in fig 5.
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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. Alread& 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
mreceding 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 de%ailed analysis is given in refs (4,5).

In collisions with gas atoms the fission fragmeht_ 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
enérgy E = 78,5 MeV and ionic charge state e = 23 elementary units is

given in TabiI for several gases (5).

Table I

Cross sections for electron pick-up

-16_ 2

N,,0, (air) 6.4 « 10 “cm"/atom
2t"2 -16_2
He 3.1 «+ 10 “cm"/atom
16 2
cm”/molecule

CH4‘ 8.5 + 10
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Multiple scattering of fission fragments

D.Kerr, G.Siegert, E.Konecny

In scattering fission frzgments the value of the Born parameter

a = Z1Z2/137-B is one to two order of magnitude larger than values
that have been previously involved in such measurements. The
theories of G.Moliére (1) and of Nigam, Sundaresam and Wu (NSW)

(2) predict different angular distributions'for the scattered
particles, No 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
electfonic screening. The first and very simple one is, that the
value of the effective charge for scattering must lie between the
ionic and the nuclear charge of the scattered fission fragments.

The second approximation was to introduce @ screening term in the
theories of Moliére 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 Moliéres theory still predicts reasonable

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

. the predictions of the K5W theory and the experimental results

diverge (3).
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ér-rays and conversion electrons following neutron capture.

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

H.R.Koch, H.Baader, D.Breitig, K.Mihlbauer, A.Wimmer and O.W.d.schuis.

152Sm(n,e)1538m

35 conversion electron lines have been measured in the 152Sm(n,e)1538m
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
at Argonne. A level scheme of 1538m was constructed in cooperation
with R.K.Smither, E.Bieber (Argonne National Laboratory) and K.Wien
(Technlsche Hochschule Darmstadt) who measured beta decay of 53Pm
to [EEEM (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*), 7.535 (5/2%),
53,533 (7/2%) and 112.954 (9/27?) may be members of a disturbed
K=3/2" band. (Fig.1)

]

199 )200

Hg(n,e Hg

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

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

were determined in combination with bent crystal spectrometer gamma
data from Risg (4) and Ge(li) gamma data (5). The level sclieme of
Schult et.al. (5) was confirmed especially the ot character bf 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.v(Fig.2)

15 152 151

Eu(n,,,) Eu; 2 'Ru(n,e)! *%m

The capture gamma ray spectrum has been studied with the Risg bent

crystal spéctrometer 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 O

and- 350keV. A level scheme of 152Eu is going to be constructed. The
presént results show that some levels.at the scheme proposed by

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

142Pr

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

University of Fribourg, SwitZerland, Qf the Florida State University,

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

of the Technical, University, Munich, and of the Research Establishment,
Risg, Denmark. A combination of (d,p)- and (n,§)-reaction spectroscopic
data and their theoretical analysis has revealed the following states:
Eg(IM) = OkeV(27), 3.683 keV(5 ), 17.740 keV(3™), 63.746 keV(6™),

72.294 ke¥(4™), 84.998 keV(1™ ), 128.251 keV(5™), 144.58Tkev(4"),

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

as arising from the configurations p(d5/2)n(£7/2) and p(g7/2)n(£7/2)

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

186Re

80pe nave been studied through (d,p)-, (d,t)-, (n,e”),-

Leveis of 1
and.(n,éﬁ—spectroscopy by groups of the Florida State‘Univegsity,'
Tallahassee, the Technical University, Munich, the Research
Establishment, Risﬁ, 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 ievel does probably arise
from the coupling of the [5T4é] proton‘and the [512{9 neutron. The
other states have been interpreted as the E40211 prbton orbital coupled
with the [51211 , [5101j , and [?o;f] neutron orbitals. Several of the

observed levels appear to be strongly mixed (8).
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158Gd

The low-energy g-spectrum from slow neutron capture in 157Gd has
been measured with the Risg ~ curved crystal spectrometer. Strong
y-lines were recorded with a resolution as good as AE/E =~ 8 x 1074
Ey(MeV). The data are being avaluated at the present time. They
will be combined with (n,e” )-data from Stdsvik and high energy

(n, g)-data from Idako.

156Gd

The low energy part of the 15564 (n,¢)-spectrum has also been
measured wifh the spectrometer at Risé. The resolution was not
quite as good as during the 157Gd (n,f)-run. It is intended to
interpret the data in combination with (n,e” )~ and high energy

(n,;é-data from the groups at Studsvik and Idako.

169Yb

The Risg-spectrometer has alsd been used for the measurement of the

low-energy p=spectrum from neutron capture in 168Yb..‘I‘he 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 which has been studied rather carefully by several

other groups.(9—11)

153

153

Gamma. transitions in Eu have been measured after slow neutron

capture of the 3~ isomer of 152Eu which was produced through the
151Eu(n,g) reaction. A great number of y -transitions were observed

and about 40 of these were assigned to 153Eu. Most of these transitions
could be located in the 155Eu level scheme through the application of
the Ritz combination principle to the very precisely determined
transition energies. The I = 5/2 e, 1-5/2 * levels of the

E413{] ground state rotational band were obtained. The states of the
[532{] band were eétablished up to the 13/2 ~ member and levels of the

[4114] 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.

References

(1)
(2)

(3)

(4)

(5)

(6)

(1)

(8)

(9)

(10)

(1)

(12)

T.v.Egidy, W.Kaiser, Z.Physik 201 (1967) 378

R.K.Smither, E.Bieber, T.v.Egidy, W.Kéiser, K.Wien, Bull.Am.
Phys.Soc.Ser. 11, 12 (1967) 1065

0.W.B.Schult, W.Kaiser, W.Mampe, T.v.Hgidy, Z.Physik 218

(1969) -95 ‘

B.*.,Maier, U.Gruber, H.R.Koch, 0.%W.B.Schult, Z.Physik i§2
(1965) 478 |

0.W.B.Schult, W.R.Kane; M.A.J., Mariscotti, J.M.Simic, Phys.Rev.
164 (1968) 1548 | |
A.V,Borovikov, V.3.Grozdev, G.D.Porsev, Program of the 18th
conference on nuclear structure, Acad.sci. USSR, Riga (1968)

13

J.Kern, G.L.Struble, R.XK.Sheline, E.,T.Jurney, H.R.Koch,
B.P.K.Maier, U.Gruber, and C.W.B.Schult, Phys.Rev. 173 (1968)
1133

R.G.lanier, R.X.Sheline, H.F.#aklein, T.v.Egidy, W:Kaiser,
H.R.Koch, U.Gruber, B.P.K.Mzier, O.W.B.5chult, D.W.Hafemeister,

~and E.B.Shera, Phys.Rev. (1949) in press

D.G.Burke, B.Zeidman, B.Elbok, B.Herskind,and M.Olesen,
Mat.Fys.Medd.Dan.Vid.Selsk. 35 Nr.2 (1966)

E.B.Shera, M.E.Bunker, R.K.Sheline and S.H.Vegors, Phys.kRev.
170 (1968) 1108, .

W.Michaelis, F.ieller, H.Schmidt, G.Markus,and U.Ffanger,
Nucl.Phys. 119 (1968) 609

K.Mihlbaver, Thesis, Physics-Department of the Technical

 University, Munich, 1969,



- 3 -

mE
pe— [J1L°001

w $8°961 = 234!

n

*NN.QQNL

P L0'6EC >
———eo 5169 ——r —> |
S8 96 —
0L'§0&

§€°92E:

IN'03+23 08 95€

6L7EL L

C3)IN GE 23 e
(556 —d W] | __

—25°CH!

BLS9e

0Z'162

IN 01 €O

aZere

2 e ]

- Q€61

p—— 75°LI€
Tl £112¢€
I

) 4

Nv.o.it'—

(0 I+ NN 61€ZZ ————

(0F+Z N 54948

(IN'23)L169C

1

l

|

I

|

1

|

|

|

!

L

/[ |

|

-~
' +H o+
N NN
B S R
4 + 4+ 25
NOR o & W&

o
RSB &S S o

371,04
362.29
356,68
32101
276.71
(265.893)
262.33

(IN+)03 +23 655 16

W23 S0L g : -

(1MW) £279¢

G.m.o\..o.:
'

-

Z3INIZH6S

__ 27601
£9€LE
(Z3*INLEOSS
[F66€CR
13 9,906

| 196¢S

(23 *)IN 966°SY

(IWN+*)Z3 9€S°ES =
13 6092

I3 299°6¢€

6€S¢

|

‘52t
\.
.\

’

¥~
y2*
5/27

2205/2F ——_

5/2°
72

72
92,72 ,512

724527

Y2~
2%

194.97
182,90
174.17
127.298
112,954
90.874
65.475
53.533
35.843
7.535
0.0

y2*

Fig.7 Niveauschema von Sm'>3



1
AN
)

i

=
e SC v @R mmimmam e -
TRIFLET LRIl CaS IQUNONNINNG @ R
) ~~ LU o ~= NT-C @ SpESIT IS Vo o
2 LG PSS~ 3 N At SdSoACSHANGnC R R o
< Sl . . St : i LSS TR CAho IR g o~
FRA BT AL O BIET SmoB g Sy o o
& SEILETC8E200 URAN BUIRSEIRARRY Ay ©
E M ST ERAREE ZRNRN RedRhaRdeaehl 93 n
o o
-~ - b . I :
o s - ~ N + + .
< SrroTs LSO S RATE IR T SAT A S N DU Sh s N o
[ L]
}
’
Z,
1] LG ;o H 9CsEE >
5 R e BO m — e e — e
- s = NR) T e T e e = —

—~ —NEIPESIm —— —— - — ~odl § ‘0_
—— ,lﬂuulxu%,ﬁfllu _—— -
P £ - €106 mumtr]

¢’ W { an—
0°69°¢
Z 510 6 St}

S L2 S S ot 06 F - o
£62 | { cm—1

— - ' 261 yom—tr
R A 117 AN

o 0 %5:.7% - gy ‘.\.. |||||||||||||||||
[l e LI

4t e B S L S e e e — (2002
IIIIIIIIIII e e e e e [ ) - -
— e e e e e e e e e GO — —

m-a.s;%: e | ] _
Itn.<|Q.q.r|. e e — = — 1P} — — — —
: ”lml.:M SIS0I- - - llﬂ —
— \N lllll *
el
CIEELHU " zuies .
e L e e e —— (e - —
mw.wmoml
- 23N )L et
=23 INE Y= — == —
R e o I ___.._ 0_ _ _
-2

— —

b mm = — e em e [y 9607 = = = =

boor o e e - (21— = = —

. w 15965~
N el
_ » 22y
4 I - aal INL» e INEFGL *

355297
13,6 069-

||||||| -, SIS —

—— ¢ el RSk ! | _
L - . T HNER 7 -
lllllllll 2™ 2I7-— -

=

-—e— am wm o [ - - g

oess i |

lllllll [ Y VP E—
Ay T tES INEL S22
IW00'9021

..... (L'9201) >

INESD S
& 3*1W 55202t

1
|
R

ITE(keV)

Niveauschema von Hg 290

Fig. 2



20

201

- 36 -

Coincidence measurements after neutron capture.

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

Gamma~gamma prompt and delayed coincidence measurements
have been performed after neutron capture with Ge(Li)

and NaI(Tl) detectors at the external neutron beam of the
reactor near Munich (FRM). With a cooled bismuthfilter a
neutron flux of 5 x 106 neutrons/cmzsec is obtained at
the pbsition of the target. |

152

Eu:.

The half-life of the 89.83 keV level in 122

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

Fu was measured

valuevis much more accurate than earlier measurements:

Ty, = 650 # 350 ns (1) and T, /, = 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

FW(E1) = (2.3 + 0.4) x 106 and FW(M2)'= (2.0 + 0.8) x 10_1°
The low energy gamma-ray spectirum populating the 89.83 keV
level was measured by the delayed gating technique with =
Ge(Li) detector. This spectrum is rather complex wit..
strong peaks at approximately 50, 72.5, 99.5, 104, 1li,
122.5 and 140 keV.

160Tb

160

The half-lives of two excited le#els in Tbh have been

159Tb(n,y) with a time-to-ampli:

measured after neutron capture
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% [l1f]4+ n 3/27 [§2ﬂ from the 1~ state

{‘p 3 /2% [}13 -n 5/27 EZj[} o The hindrance factor

relative to the Weisskopf estimate for this transition

Py % 10~1 1lies in the range of other E2, 4 K = 2 transitions(3]

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

the 78.86 keV level.
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198y (Fig.3):

Low energy gammé—gamma coincidence measurements after neutroh
capture 197Au('n,y) 198, 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 T1/2 = 128 + 15ns
measured by Bonitz (5) in the 197Au(d,p)_198Au reaction.

The 367.29 keV level is mainly depopulated by a 97.21 (E1),
214.89, 55.188 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
relative to the Weisskopf estimate by a factor =~ 8 x 105,

References:

1) A.M. Berestovoi et. al,, Nucl. Sci. Abstr. 18 (1964)
843, No. 6259

2)  K.Takahaschi, M. McKeown and G.Scharff-Goldhaber,
Phys. Rev. 137B (1965) 763

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

4) 7. von Egidy, E.Bieber and Th.W.Elze, Z. Physik 195
(1966) 489 ‘

5) M. Bomitz, Nucl. Phys. A118 (1968) 478
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K ~ forbidden gamma-ray transitions.

K.E.G.L6bner

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 < < 114 and proton
numbers 62 <7 <78) and of the actlnlde region (N = 134)
are compared to the Welsskopf estlmate for different
’A,Klvalues. For all multipolarities a systematlc decrease
of the reduced transition' probabilities by approximately a
factor of 100 per degrée of K-forbiddenness is found,

but the frequently used "empirical" ;ule log Fw =
2] AX| = L) is not true in general,[where F, 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

1

Decay scheme study

K.E.G.LObner

234y

The half~life of the 1552 keV level in 2347 was measured

in the decay of 6.7 h 234Pa 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 trensition between the two neutron states 57 {5/? [ 622]4+
2* [633]4} ana 6™ {7/2" [743]4 + 5/2% [633]43 . The hin-

drance factors (Fw = 3.5 x 10" and FN = 0.27) are compared

to those of the E1 transition between the same Nilsson

239pu(p, = 2.2 x 10° and

Fy = 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. 131 keV E1 transition. !

Reference :

(1) K.E.G. L8bner, 0.F.A., Goudsmit, J.Konijn, E.W.A. Linge-
man and P.Polak, Nuclear Physics _Al22  (1968) z1h4.
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Coherent scattering length measured by total reflection and by

small angle scattering of slow neutrons.

L.Koester, N.,Nicker, W,Nistler, D.Trustedt, H.Ungerer

The list of scatteriné length measured using the neutron gravitation
refractometer at the FRM 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:

Hydlrogen‘: = =(3.723 i'o.oos)i F

a

Deuteron: a = +(6.73 + 0.05) F a)
Carbon: a = +(6.626 + 0.003) F
Oxygen:  a = +(5.75 + 0.04) F D)
Flyorine: a = +(5.74 + 0.03) F b)

e o = +(2.852 + 0,006)F b)
Chlorine: a = +(9.584 i_0.002)F
Bromine: a = +(6,85 + 0,04) F D)
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
watér relativeifo 1ight water. The measured scattering length of the
liquids used for the détermination of the scattering length of the

elements are:

Cg Hyg (Xyléne) : a = +(15.784 + 0,008) F
Cy3 g12 (Ditan) : a = +(41.460 + 0,013) F
C, Hg (Toluene) : a = +(16.590 + 0,007) F
cey t & = +(44.960 £ 0.010) F
Cy 014 ‘ ~+ a=+(51.59 £ 0.010) F
Cg H5 F : : a = +(26.879 + 0,008) F
Cg He cl : a = +(30.723 + O, 007)>F
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Cg H5 Br a = +(27.987 + 0.006) F
'07 Hy, 0y : a = +(24.707 + 0.020) F
D, 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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Nuclear spectroscopy of short-lived fission products Nb, Mo and Tc.,

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

P. Kienle.

The decay of neutron-rich Tc- fission products (A=103-108) was investigated
by measuring y-spectra and prompt and delayed y-f-coincidences using
Ge(Li)-detectors. It was possible to separate the fission products radio-
chemically within 4s after neutron irradiation of 255U.

In 1O6Ru a ground state rotational band has been found with h2/2J =

15,7 keV, A deformatim parameter B=?0.64 can be estimated from the life-
time of the 94 keV 2+ state. Investigation of the excited states of

1O5Ru, 107Ru and 1OBRu indicate strong deformation of these nuclei,

In 103TC an isomer with a half-life of 15s has been found, the decay of
which may be explained by a M4-transition between p1/2 and g1/2 shell
model states. ‘

An upper limit for the half-life of the still unknown isotopes 103

104

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

of the separation time,
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PHYSIK-DEPARTMENT DER TH, MUNCHEN UND

INSTITUT FUR FESTKCRPFR= UND NEUTRONENPEYSIK DFR KFRNFORSCHUNGS=

 ANLAGE JULICH

Total neutron scattering cross sections for the rare earth elements

Tb, Dv, Ho, Fr, Tb and Lu in the subthermal energy range

A, Knorr and ¥, Schmatz

Total cross sections 4ot BT measured vith a mechanical velocity selector,

The results are given in the table, The error ¥ for the neutron energy E

is due to the calibration accuracy, the error for o due te counting

tot

statistics, "is already corrected for rare earth impurities of high

o
tot
absorption cross sections like Gd and Fu, The absorrtion cross section o,

is reduced from O ot by correction for paramagnetic scattering (metal foils
at room temperature have been used), Other scattering contributions are of

minor importance and are also considered, Fxperimental procedure and data
handling will be discussed in detail in Tukleonik (1969). The systematic

errors FS ‘are mainly due to that of tie total cross section, to the

yst

correction for impurities ( o & ) and to the paramacnetic scattering cross

to
section,



Terbiumn

Dys'pr'osium

E [mel]| Fon ‘%_6;&4?;@»;}5 Fin% | G Lbarn]  \E[met] [Fin'% g;&llmjﬁ;’/o 6, Lbara]
3,164 | 0,4 | 113,3 | 0,2| 59 + 8 3,207 | 0,2 3057 , 2900 + 70
2,298 | 0,4 | 126,8 | 0,2 73,5 + 8,5 | 2,416 | 0,2 3531 , 3380 + 70
1,635 | 0,4 | 140,7 ,2{89 +8,5 || 1,730 | 0,2 4109 , 3950 + 60
1,154 | 0,4 | 162,2 ,2 11200 +9 11,261 |0,2]| 4795 ,1| 4680 + 50
0,683 { O,u4 | 208,6 ,2 1152 + 9,5 |l 0,720 |0,2]| 6233 ,1| 8115 + 50
0,346 | 0,4 { 289,1 ,2 | 212,54+ 13 0,331 | 0,2 | 8usy ,1 | 83us + 60
0,214 | 0,4 | 368,9 ,3 {260 + 18 0,257 | 0,3 10330 ,2 | 10165 + 70
0,131 | 0,8 | 460,5 | 0,5 | 331 + 22 ' : |
> 11,28 + 2,18 + 2,8% +1,2% +2,2% + 2,2% o
wi . o
Holmium Erbium “Thuldunm Lutetivum
_EZMJ Feon |16 [harn] Fom % | 65 Lbrn] }%iéwi‘Fm% B Lharx] || G [bara] |Fin%| Gp Lbara] | Guxloakl| Fun% | 63 Lharn]
3.168 [ 0,3 || 241,5| 0,2 |184 + 12| 35,5, 0,2| 382 + 18| 3u3,5 | 0,2| 306 * 12 | 195,0| 0,4 | 187,5 + 4
2.301 |0,3 |l 273,0| 0,2 |218 + 13| sos,5] 0,2 | us2 + 19 | 402,5 | 0,2| 367 + 12 | 226,5| 0,4 | 221,5 + 4,0
1,663 10,3 || 311,0 | 0,2 |259 *+ 13 | 581.5 0,1 530 + 18 | 462,0 | 0,2| 430 + 12. | 256,5| 0,3 | 253,5 + 2,5
1,282 0,2 || 348,0 | 0,1 |296 + 14 || 661,5 | 0,1 | 612 + 17 | 523,5 | 0,2| 492 + 11 | 294,0] 0,3 | 291,0 * 3,0
0,688 (0,2 || 464,0 | 0,1 |406 # 14 | 890 0,1 | 836 * 13 | 721,0 | 0,2 687 + 12 | 399,0| 0,3 | 387,0 * 3,0
0,345 10,3 || 640,5 | 0,2 |[562 + 19 [[125C | 0,2 {1177 + 24 | 939,0 | 0,2 954 + 16 | 554,5| 0,3 | 552,5 + 3,5
0,217 |0,3 || 805,0 | 0,2 702 + 25 |[157C,) | 0,2 |1476 + 30 |[1265,5 | 0,5|1208 * 18 || 711,5( 0,3 [ 709,5 + u,
0,137 (0,8 || 992,0 | 0,4 [860 + 35 [[1955 0,3 |1834 + 40 [1574,5 | 0,5[1497 + 30 || 887,0| 0,7 | 884,5 + 8.
FLp—=> 11,23 40,8%| +1,0% 5,6%| 40,7 % io,e%& +0,85% +1,8% | +1,8 %
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VI. INSTITUT FUR FESTKUORPER- UND NEUTRONENPHYSIK, KFA JOLICH

1. Measurement of Mass- and Time-Dependence of Delayed Fission

Neutrons

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

Delayed neutron emission for thermal neutron fission of 235

8]

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

At the focus of the separator, the neutron activity is detected
in coincidence with the £ decay preceding the neutron emission.
Measurements of the éctivity 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
Tor 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 0.2% n/100 f). By
means of theoretical considerations the yield difference for
delayed neutrons between light and heavy fission products is
intefpreted and the new neutron activity is assigned to the

precursors 98Y,of 99y (fig. 1).



Table I

Identified and unidentified fraction of delayed neutron

yield
Light fission products _ Heavy fission products
Fraction of total Absolut yield | Fraction of fotal ~ Absolut yield
yield yield i :
(%) (n/100 f) (%) (n/100 £)
Delayed neutron S
yield (total: '
1.58 + 0.05° 67 ¢+ 3 1.05 + 0.06 33 +3 0.53 + 0.04
1 n/100 £) '

Identified ’ | |
fraction 51 % 10 0.73 * 0.15 25 + 6 0.40 + 0.10
Not identified
fraction 16 ¢ 7 0.26 + 0.10 8 +7 - 0.12 + 0.11

- oy -



. stable

D possible precursor
(PnYc> 0.02n/100f)

identified
precursor

this work

50 52 54 56 58 60 62 )
N — _
Fig. 1. Delayed neutron precursors among liglht fission products.j‘-'- Zp of
the primary charge distribution. -o- Neutron emission threshold for

odd Z precursors. -e- Neutron emission threshold for even Z.

_Lﬁ7-
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Identification and Decay Investigation of Several Short-Lived

Pission Products by an On-Line Mass Separator

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

A device for nuclear spectroécopy on short-lived fission pre-
ducts has been operated at the focus of the gas-filled on-line
mass separator at the FRJ-2 reactor. By the known v -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 méasured and

B- v -coincidence spectra as well as v - -coincidence spectra
were recorded, The data were assigned to g nucleides. Their
half-lives, B decay Q-values, and Y -lines are given in table I,
coincident v -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: °/Sr (0. + 0.3) sec; 3y (0.8 + O.7)sec;100
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 B decay or nuclear reaction

measurements have been taken into account,

Z2r(1.0%0.9)sec.



Table I

- Data on new short-lived fission products

Nucleide T1/2(sec) Qp(iMeV) Ey(keV)
8u

Se 210+ 5 1.8 + 0.1 | 406 + 3

g 7.9+ 0.5 | 5.7 +0.4 | 111 + 3, 630 + 20
97 '
Y 1.11+ 0.03 | 5.7 + 0.2 | 125 + 3, 810 + 3
99 |
Nb 14,3 + 0,06 | 3.7 + 0.2 | 137 + 3
zr 2.4 + 0.1 | 4.5+ 0.2 | ues + 3, 548 +
595 + 3, 430 + 20
1004y 5.6+ 0.2 | 6.5+ 0.3 | 159 + 3, 533 + 3
101y 7.0 0.2 | 4.6+ 0.2 | 273 + 3; 399 + 3

1017y 3.3+ 0.6 | 6.5+ 0.7 | 293 3, 400 + 20
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Fig. 1. Proposed decay scheme for 8%5e
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Fig. 3. Proposed decay scheme for 97Y



-53-

o4
(%5*)
1 (14,3 + 0,6 ) sec 99 b \
. T"
35102 N
~ 100 % N
(~ 100% ) ?.9
(log ft = 4.5) ‘ © NG
3.+ YV
“5 Qo & 0.36
S
‘/
A
] © 0235 -
@=37%0.2
\J
5t §
“3 L N 0.098
73,_usec
1+
] % 1
' 67 h ggMo
Fig. 4. Proposed decay scheme for gng



-54 -

A (2.4+01)sec Pzr

35%03
(~50%)
(log ft = 4.1)
39*04
~ 50%) ' _ &\
(log ft x44) ‘ N °\.\
- \/( \Q
G
_ § <
T ‘Q 6» N
%' ‘Q. o\°
V r4
Q‘O Q{;’ N 'H:?
°\0 N\ 1.016
o8
h)\/ ‘Q'
Q o
~ S
Q=45%02 o O 0.595
. —©
N 0.468

39
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Mass Dependence of the Average Nuclear Charge of Primary

Fission Products in the Thermal Fission of 235U

(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 B-counting. The activity build-up technique com-
bined with 4 T-counting gives the number of B 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 caléulated 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

data (fig. 2) a Wahl diagram for thermal fission of 235y 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 neveb‘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 (1967) 501

(2) J.c.bD.Milton, J.S. Fraser: in "Physics and Chemistry of
Fission", Proc. of the Salzburg Symposium (1365), IAEA
Vienna Vol., II, p. 39

(3) V.F.Apalin, Yu.N.Gritsyuk, I.E.Krutikov, V.I.Lebedev,
L.A Mikaelyan: Nucl.Phys. 55 (1964) 249

(4) E.E, 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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respond .to the size of the crosses. The full lines
give the values of the average stable charge.
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VvII. INSTITUT FUR KERNPHYSIK, UNIVERSITY OF FRANKFURT/MAIN (GERMANY)

1., Excitation functions of the nuclear reactions
6Li(n,p)6ﬁe(o) and ®Li(n,n'y)®Li(3.56)

(6. Presser, R. Bass and K. Kriiger)

Previously reported work on both reactions (see EANDC progress

reports 1965 and 1967) has now been completed.

The (n,p) reaction was investigated from threshold to 9 MeV by
neutron a¢tivation of a‘6LiI(Eu) scintillator., The neutron energy
~resolution varied between 50 and 200 keV, Relative point to point
errors are + 5 % and absolute errors * 15 %. 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 6Li. Time of flight techniQues were employed to reduce
background due to room-scattered nehtrons. The neutron energy
resélution 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. Bxcitation function of the nuclear reaction 7Li£nin'y)7Li(O.48)

(6. Presser and R, Bass)

Previously reported work (see Antwerp conference 1965 and EANDC
 progress report 1965) with a NaI(Tl) y-detector has been repeated
3

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 % and absolute errors 10 - 20 % depending on neutron
energy. The results are essentially in agreement with the earlier

dataj numerical values are available from the authors on request.
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VIII. PHYSIKALISCHES STAATSINSTITUT, I.INSTITUT FUR EXPERIMENTAL-

PHYSTK, HAMBURG (GERMANY)

. Angular Distributions for (n,ua)Reactions at 14 MeV

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

Angular distributions were measured for the groups do and
%yn3 from the reaction 16O(n,a)130 at 14.1 MeV and for the
total a-particles from the (n,a)reactions in 93Nb, 1OBRh
and 1O7Ag at 14.2 MeV. The a-particles were detected by

means of a thin CsI cfystal, 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 % of the total reaction

yields have symmetric angular distributions and can be ascrib-

ed to evaporation processes. The remaihding portions are
emitted predominantly at foreward angles which makes their
origin from direct reactions probable.



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

E, = 14.1 MeV E, = 14.2 MeV
180 (n,a )13 16, (n,a,4)"%C 93xb(n,a)?%y 1038n (n,«)1%0rc 107 4 g(n,a)1%%Rn
¢ 46 a6 '
© CM %%%—(mb/sr) o CM %jf—(mb/sr) © cM EjT_(mb/Sr) 9 CM Ejf—(mb/sr) © CM %é%—(mb/sr)
o o (] (] (]
22.9° | 1.94 + 0.09 | 23.6° | 20.9 + 0.23 | 37 1.66 + 0.29 | 37 0.63 + 0.21| 37° |1.21 + 0.16
50.1° | 0.52 + 0.05 | 51.3° | 8.8 + 0.30 | 57° 1.30 + 0.12 | 57° | 0.50 + 0.11| 57° [0.60 + 0.08
65.5° | 1.03 + 0.07 | 66.8° | 6.4+ 0.21 | 81° 10.37 + 0.07 | 81° | 0.14 + 0.03| 81° |0.26 + 0.06
82.3° | 0.61 + 0.08 | 84.3° | 3.9 &+ 0.22 | 99° |0.34 + 0.07 | 99° | 0.22 + 0.04 99° |0.29 + 0.07
92.6° | 0.98 + 0.11 | 94.6° | 2.5 + 0.21 [123° | 0.38 + 0.09 | 123° | 0.29 + 0.10| 123° |0.32 + 0.07
104.6° | 1.77 + 0.11 106.6° | 6.0 + 0.19 [143° [0.47 + 0.19 | 143° | 0.54 + 0.24| 143° |0.54 + 0.19
116.1° | 1.49 + 0.20 |
136.6° | 1.66 + 0.25
154.3% | 1.23 + 0.27
G =9.2+0.7mb| G -4.1+0.7mb|] G =6.7 +.0.5 mb
tot - tot tot -
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Excitation Functions of (n,p) and (n,2n) Reactibns for
some Isotopes of K, Mn, Zn, and Cu.

M.!Bormann and B. Lammers

The excitation functions of the (n,p) reactions for 41K
and 64Zn 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"@g x 2"

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

" cooled thin titanium-tritium target via the reaction

3H(d,n)4He-with 2 MeV deuterons from a Van de Graaff
accelerator. The neutron flux was measured with a 1"@g 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

41 41 5 54 63 : 62 65 64
o (MeV) K(n,p) "A nr Mn(n,2n)- "Mn E_ (MeV) Cu(n,2n) “Cu Cu(n,2n)Cu
Ty/p=103.522.41 T, /,=315+7d Ty /2=9.65£0.02m T, /9=762+10m
12,99 + 0.10 57.4 + 6.0 600 + 78 13.21 + 0.21 399 + 27 809 + 55
14,10 % 0.15 49.2 ¥ 4.4 798 + 78 14,10 ¥ 0.14 552 + 37 906 + 61
15.03 % 0.14 40.5 + 4.8 834 + 82 15.46 ¥ 0.15 705 % 48 957 * 65
" |15.57 + 0.15 38.4 + 4.4 844 + 66 16.05 + 0.15 737 * 50 964 + 65

16.16 + 0.15 31.5 * 3.8 803 + 79 16.56 + 0.15 760 + 52 975 + 66
16.66 + 0.15 -=- 820 ¥ 80 17.08 ¥ 0.14 797 * 57 983 ¥ 67
17.12 ¥ 0.14 27.5 + 3.2 881 * 86 17.48 % 0.14 866 + 62 {1006 ¥ 68
17.84% + 0.13 19.8 + 2.2 - 18.04 + 0.12 895 + 72 1052 ¥ 59
18.06 + 0.13 -=- 861 + 84 - -

18.19 + 0.12 £ 20.9 + 2.8

E_ (MeV) 6‘*Zn(n,p)&*Cu 6‘*Zn(n,2n)63Zn 66Zn(n,2n)65Zn
n T1/2=756.019.4m Ty /9=37.85+0.06m T, /o=245.7+1.1d

14,10 + 0.14% 191.7 + 12.4 131.1 + 8.2 758 + 54
- 14.82 ¥ 0.14 145.4 + 9.8 208.1 % 10.8 864 ¥ 62

15.46 ¥ 0.15 155.4 + 10.3 273.8 ¥ 17.4 963 ¥ 67
©16.05 % 0.15 133.3 + 8.7 319.5 + 20.1 965 + 65

16.51 % 0.15 141.4 ¥ 9.3 372.1 ¥ 23.4 1028 ¥ 71

17.08 ¥ 0.14 132.8 + 8.9 402.1 * 25.4 1081 * 75

17.48 + 0.14 120.3 + 8.0 408.4 + 25.8 1082 + 74

17.84% ¥ 0.13 118.1 + 7.7 438.3 + 27.6 1125 + 77

18.06 + 0.13 125.7 + 8.0 —- 1135 + 77

18.13 + 0.11 -=- 447.7 + 40.3 -—-

18.19 + 0.12 113.9 + 7.6 -=- -—-
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IX. INSTITUT FUR REINE UND. ANGEWANDTE KERNPHYSIK DER
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 123 and
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).

18 resonances have been found wup to boo ev. Resonance pa-
'rameterl of 13 of them have been determined by area ana-
1ysls (Tab., III). For this purpose we used the area ana-
.lysis program by S, ATTA énd J.A. HARVEY /1), which was
'altered slightly for the use on a CD 34oo_computer.

These results will be published in Atomkernenergie at the
beginning of 1969. Measurements on fission product Caesium

will be started in January 1969.

1.2 Total Cross Sectiqn Measurements on Ruthenium

- - ——————— n —— ——— A = T - m A e G Wy e e e - e A e EE Em e

Part of the chopper program is the determination of resonance -
parameters of Ruthenium isotopes. Runs on natural Ruthenium

and on separated isotopes (Ru loo, lol, lo2, lol) 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 Néutron Time-of-Flight
Measurements : K

- - - e S = v T v = N - T — AR S e S G D e R T e M e A Em Ee e e WP e G e v = - = =

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.

1.4 Development of a New Liquid Scintillation Counter for
Neutron Time-of-Flight Measurements

- . R - S Gm mm A SR e T v R S R e e S R e T e MR e e D o e SN e mn e e G G . e T e e

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 térget material is N,N,N;trimethylborazine. lo
percent of IPBP for increasing the solubilityvy of scintillator
and phase shifter, and 2o péréent of raphthalene for increas-
ing pulse height have been added.  BIBUQ, a new product by

E. MERCK,; Darmstadt, and dimethyl - POPCP served as s:intil-

lator and phase shifter resp.

Detectors of about 1 cm geometrical thickness are comnetitive
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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on gross fissiqn.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 sample;, 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-~
vestigaté, whether'thoée measurements will be reasonable or
ndt, i.e. whether one can expect to see any individual reso-
nances in the transmission curies - and perhaps - identify
them. This is not trivial as there are nearly 200 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 séction which is
‘not identical Qith 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.

-t tne generation of the cross sections of the fiésion
products by means of Monte Carlo methods, a FORTRAN roﬁtine.
called BRWIG 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 fhese_caléulations, Fig. 1 shows the totai_
cross section curve of a mixturé of fission pfoduc§54yith
the remainiﬁg U 235 as function of energy. A thermal flux
of 0.5 .'lollt n/cmz/sec, a f&sf fiux of 1.5 x lollt n/gmz/sec,
Lo percent burnup, and a four weeks period after shut down
were assumed in this case. The eross seétion curve hés beén-
corrected for Doppler and resolution effects (20°C sample'
- temperature, énd 54 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 l1ooo 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 az.least loo ev with our
time—of—flight equipment. Therefofe, preparations of such

measurements were started.

This theoretical work has been edited as a "Diplomarbeit"
(H. SULITZE) and will be published. in Atomkernenergie.

A descriptidn of the computer programs is given in an
internal report of the Gesellschaft fiir Kernenergiever-
wertung in Schiffbau und Schiffahrt mbH., Geesthacht .
(GKSS). |

Rferences:

(1) ORNL 3205 and Supplement

(2) Nucl. Instr. Meth. 33 (1965) 194

(3) ORNL - TM - 261 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. .

- - i - S G R A M . A G e R D P T R - S em T R . G T AD - - P . e - e e

" The total neutron cross section was measured by a crystalspec-
trometer at room temperature. The ehergy range was 0,05 to

'0,5 ev and the resolution between 1 and 3 %.

2.1.1 NbHo’9 and-NbDo,BG

The cross section pro proton shows two ﬁe]l-separated opti-
cal niveaus at 0,120 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'tfansverse‘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 0,112 ev.
The results are published in ATKE 6 (1968), 458.

2.1.2 TiH1 %6 was measured with different temperatures up
* .

to 470°cC.

2.1.3 The cross sections of YH, and YD, were measured and

3 3

show no clear niveaus due to the complex structure of these

substances.

and_UD (Uranium Hydride and -Deuteride)

_ 2,67 2,67
The vibration energy was determined to be 0,112 ev for
UHz-'G7 and o,092 for UD2,67'
(0,258 ev) of UH is not the double of the first state

2.1.4 UH

The second excited state

2,67
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because of the anharmonic and anisotropic binding. (Results

are published in ATKE 6 (1968), 458).

2.1.5 Uranium carbide UC

The vibration energy was determined to be o, 044 ev for
(o - l) tran51tion and 0,086 ev and 0,137 ev for (o - 2)
and (o - 3) transitlon due to second and third excitation

of the carbon atom. ~ . 4 '

2.1.6 Uranium dioxide UO2
A predicted'structdre with discrete energv levels is ob- ~

served. The data show a pronounced structure near o,035

ev, o0,049 ev and 0,073 ev 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 have been carried out:

3.1 Measufement of the deviation from magneéetic saturation
for polyerystalline cobalt metal in the field range 2500
{25000 Oe. The metal is of high purity (99,99%) and
was heated for about loo hours at 400°C in vacuum, The
experimental result shows proportionality with l/(H+—1fJ )

where Js'ls the saturatlon magnetization.

3.2 The deviatieh ffom magnetic saturation has been also
carried out on plastically deformed nickel after heating
for 4 and 8 hours at 750°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-
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formed face-centered cubic materials (1).

(1) H. KRONMULLER, A. SEEGER
J. Phys. Chem. Solids, 18 (1961), 93.



TABLE I

-LL-

Sample No. . “ Thickness (Cs 133 - atoms/barns)
6 0.00702
7 0.00186
8 * o.o000421
9 * 0.0000746
* The CsCl-powder of these samples has been diluted by A1203 in
order to keep the geometrical thlckness above 2 mm.
TABLE II
Rotor Speed Covered Energy Range Résolution Samples Used
(rpm) , : (ns/m) V
2250 120 to 2.6 ev. ' 175 8,9
6000 - ' 145 to 13 ev _ 65 6,
11900 1300 to 6o ev "33 6
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Table III

RqSonance‘Parahefers of Cs 133

Talt)

,heso- ‘ Resonance 2 grho r
nance Energy (ev) (mev) (mev) (mev) (mev)
1 5.90 2.26 5.5 115 *1lo
2 22.7 1.45 74,5 120 112.5
3 48,0 2.9 20 150 ‘| 130
4 83.9 0.87 8 120 110(2)
5 95.5 2.5 214 160 135
6 128 12 135 215 . 8o
7 144 0.52 6.2 115 | 110(2)
8 148 2.3 28 140 | 110(2)
9 183
10 193 .
11 - 204 1.5 22 140 110(2)
12 211 0.h44 6.4 115 110¢2)
13 224 2.1 32 1ho | 1102
14 238 32 490 600 | 110¢2)
15 © 300 6.3 120 230 | 110(2)
16 364(3) ' '
17 381(3)
18 4o7(3)

(1) g = 0.5 as?umgd,

(2) assumed values

(3) not yet analysed
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Fig. 1 Total Neutron Cross Section of a Mixture of Fissigﬂ Products with a U235
Thermal Flux 0.5.101% n/em2/sec, Fast Flux 1.5.10-7 n/cm2/sec,
40 Percent Burnup. Corrected for Doppler and Resolution Effects.
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X. LABORATORIO Di FISICA 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 della 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
Yy-rays, performed by our group, have been extensively reported
in the previous reports and in someApapers.

Large Ge(Li) detectors (30 cm3) with very'highfresolution

(about 10 XeV 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 pefformed and a paper is to be
published_about the resonances Fe-Cd , Cu-Bi , Cu-Sn..

The spectrum scattered fromAa Cd target has shown 12 inelastic
transitions in addition to the elastic transition.

From y-y coincidence and directional correlation measurements,

a coherent 'Cd112 level scheme follows. Additional new levels
have been deduéed,- N \

The spectrum scattered from a Bi target has shown 3 different

resonances; y-y directional correlation measurements allowed
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Preliminary measurements are to be performed on Fe-Pr

-us to determine the spin of the most intense resonance.

The spectrum scattered from a Sn target has shown 3 inelastic
transitionsand 2 new resonances in addition to the well known

6908 XKeV resonance.

1 .
4 , Fe=T1,

Cr-Pr141-and Cr-Cu resonances.

Thermal neutron radiative capture experiment

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

The shielding and collimation of_the tangéntial beam-tube of
the 1 MeV TRIGA reactor were complefed 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 fir;t experiment was performed on the reactor In115(n,y)In1T6.
The Y-ray spectrum in the 60-6700 KeV energy range was investi-
gated. o ‘

Some new M1l 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
fublished~in"Nuovo Cimento". An experiment on the C135(n,y)C136
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 Msec) is in progress.

; . . 128 . .
Actually the isomeric levels of T 2 wvere 1nvestigated.

Gamma-ray spectroscopy

- (M. Giannini)

152,112
Some measurements on the y decay of Eu_5 (T

152

123 y) in order
to give a better picture of the Sm level scheme were perform

ed.
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We identified some new vy transitions and performed vy coin=-
cidence and y-vy angular correlation measurements. The results

are in print on "Nuovo Cimento".
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XI. CENTRO SICILIANO DI FISICA NUCLEARE E DI STRUTTURA DELLA MATE-

1.3.

RIA, ISTITUTO NAZIONALE FISICA NUéLEARE — SEZIONE SICILIANA,

ISTITUTO DI FISICA 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< En'<f.8
Mev. .
The monoenergetic neutron beams have been obtained from the
12C(d,n) and 2H(d,n) reactiens; the energy spread resulted be-
tveen 100 and 200 KeV. The fissien fragmente have been detected
by means of nuclear emulsions loaded with thorium nitrate.

Each angular distribution of Eragments vas obtained by analyzing
nearly 2000 fission tracks.

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

' MeV we have obtained the following values of anysotropy ratios

'R(En) = N(0°)/N(90°) = 0.91; 0.77; 0.43; 0.27; 0.44; 0.55; 1.08.

The experimental behaviour of R(En) "may be explained assuming
that the fission near the threshold takes place through a X = %
band; increasing En, K> 3 bands open and their contributions.
reach a maximum concurrent with the maximum of Gh,f at En= 1.6
MeV; at a further rise of En' K = % bands become dominant

~

-again.

7

The results have been published in Nuclear Physics and communi-

cated at the meeting of the Societd Italiana di Fisica [1,2] .

Separation of the reaction mechanism

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

Experimental data on nuclear reactions having the 29Si as inter-

mediate system have been analyzed in order to test the possibili
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systematically with the value of ©

_8h -

ty of separation of reaction mechanism. In particular the val-

ue of GF& deduced by a fluctuation analysis has been compared

HF obtained by Hauser and

Feshbach calculation of the cross-section.
The results agree within the FRD errors [3].

26

Statistical fluctuation analysis of the Mg(3He,a)25Mg reaction

(A. Rubbino)

26

The Mg(3He,a) reaction has been studied at E3 = (4+6 MeV for

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

1" % % 4 ; 4
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

lfluctuatibn analysis have been used in order to evaluate the

‘compound-nucleus contribution in the presence of large direct

effects [4] .

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

of neutrons from the 9Be.(a,n) reaction.-

A very>good agreement has been found between the measufed and
calcuiated spectra, also as the detailed structures are concern-
ed.

A comparisdn is also made between expérimenfal data and differ-

ent calculated spectra for the Pu-Be sources [S].
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. . , 2 .
Fresnel diffraction patterns in the 26Mg(3He,a,) 5Mg reaction

at 5 Mev, analyzed by the methods of complex angular momenta

and compared with DWBA

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

Differential cross—-sections for the 25Mg(3He,a)25Mg reaction

have been measured in the energy range 4+6 MeV of the incident
beam, in steps of 50 Kev;'for 5a groups leading to the lowest

levels of the residual nucleus. The data are compared with

DWBA calculations but no good fit haé been obtained.

By methods of complex angular momenta a diffraction formula has

been derived which Ffits nicely the experimental data. The

diffraction formula has been compared with the DWBA calculations

by numerical experiments Bﬂ.

29Si(d,p)3osi reaction

(G. calvi, S. Ccavallaro, A.S. Figuera, M. Sandoli)

2

- The ?Si(d,p)3OSi 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 inves
tigated energy range the statistical mechanism contributes signi

ficantly [7].

Theoretical research work on nuclear structure and reactions.

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
. 16
all particle-hole states constructed upon the O shell model

ground state, in the 1—,2-, and 3  channels with T = 1, corre-
15

sponding to elastic and inelastic scattering of neutrons on N,

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

nels 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" chqice of a single-parti
cle potential.

The resonances have been directly determined from the spéctral
function of the total Hamiltonian by studying the behaviour of
its resolvent, reducedyin the subspace'of the TD states, at ener
gy values above the continuum threshoild EC , 1.e., with a meth-
od strictly analogous to that employed to get the point spectrum
below EC_. _

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. 1I”

(D. Gutkowski, A. Scalia)

The analytic propertiés 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

| R | .
<PV =_4ﬂ’:f“ L L gy (Rayy (pOY(B)Y] (B)

M (=0 i=1 m=- 4
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where A is a real number, L and 10 natural numbers.

The gia(p) satisfy the followinglconditions:

a) they are nonsingular and real for real P

b) there exists a unique analytic continuation for every
gib(p) into the complex p plane, apart from isolated sin--
gularities, and such a continuation 1s an even meromorphi
Eunct}on of p '

c) 2im | ap g;y(p) g5 (P) = O

P.
where Cp is the half-circle having centre in the origin

and radius P , lying in the upper half-plane.
It is shown that a function Dl(k) exists which is meromorphic

1@ the k-Plane and such that D%(k)
(k)

| A ) |
Characteristic conditions for the existence of bound and virtual
states are given. It is shown that poies 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 thé 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 Sg(k) in the complex
{-plane for the class of nonlocal interactions considered in
the previous paper I . With the'given definition SQ(k) turns
to be anAanalytic function in the complex '@—plane,‘but for a
finite number of poles . ‘

Some general properties of the Regge trajectories are discussed
and compared with those of fhe local interactions. Specific

examples of Regge trajéctories are given [10] .
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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*[11].
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'XII. GRUPPO DI ISPRA PER LE MISURE.DI SEZIONI D'URTO DEL C.N.E.N.,

" ISPRA (VARESE), (ITALY)

1. Spin assignment of neutron resonances

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

Measurements'have been continued at the Linac'of CBNM Eurafom,
Geel (Belgium). An account of these experiments is given in

the chapter of CBNM activities.

2. Numerical simulation of the fy-ray cascade

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

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

5+ 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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X?II. GRUPPO DI RICERCA I.N.F.N. DELLE BASSE ENERGIE DELL'ISTITUTO DI

|

FISICA NUCLEARE DELL'UNIVERSITA', PAVIA (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 neutrop
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 ébout
0.6 has been evaluated. The thérmal spectrum of the totél_
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 chargéd particles emitte&
in the neutron-fission of-233U [2] have been detected.

The identified particies are the isotopes of Hydrogen,

s . o 2 6
Helium, Lithium and Beryllium. The yield of H, 3H, 3He, He,

8 . . .
He, Li and Be relative to the long-range alpha particles
emission and the experimental data of the gaussian4fits of

. . . . 6 '

the energetic distributions of 3H, 3He,-4He, He are report-

ed in Table I.

c) Because of the instrumentatibn improvement we were enabled
to obtain more accurate data concerning the emission of
long-range alpha particles and iight nuélei in the fission
of 239Pu . We have then repeatéd fhe experiment.[3] which

: . 5

succeeded in obtaining the whole energetic spectra of “H,
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6 . . .
3He, 4He, He and the relative yields. The resulting data_

are summarized in Table I.
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233 239

Table I - Yields and ehergies of light nuclei emitted in the fission of U and Pu.
4 6 8 E 3 3. 2 .
2He _2He 2He 2He 1H 1H ‘ I Be
233 3 7 212.8.1072 |52.4.107°{52.9.10™>4.107° Pparticles

U 1 7.3.10 ~ |>2.3.10 '|~1.8.10" |
‘ ' - yield estima-
ted in the to-

23%y 1 |1.46.107% - ~9.2.1072]2.9.1072 |>2.8.107° - - tal energy
: , 4 interval
233U 15.65 14.05 - 14.3 7.0 - - - Nost probable
| | : , energy of the
aussian fits
239

Pu | 15.8 14.0 - 15.0 8.2 - - - (MeV)

..€6_
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XIV;GRUPPO'DI‘RICERCA INFN - ISTITUTO DI FISICA DELL'UNIVERSITA',

PADOVA (ITALY)

Analysis of (3He,a) reactions on 2SMg and'26Mg at 5.50 MeV

(5. Galassini, F. Pellegrini — Nuovo Cimento 53B (1968)188)

An analysis of the experimental results obtaihed by (3He.a) re-
actions on 25Mg and 26Mg 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 domindntly through a
compound nucleus mechanism.

Good agreement has been found between theory and experiment for

. 2 . .
a value of the spin cut off parameter ¢ =2 . The inertial mo-

L 4 . ’ 8 .
menta thus derived are C3(27Si)=0.34;Lig andJ(2 Si)=0.29:Lig.

. . . . . 6. .
About the momentum. distribution of nucleon pairs in the L1 and
7 .

Li ground states obtained by nuclear absorption of slow pions

(F. Pellegrini - Nuovo Cimento 54B (1968) 335)

The momentum distribution of nucleoh pairs emitted in (n—,2n)
reactions on 6Li and 7Li reflects the total momentum distribution
of the original nucleon pairs in target nuclei. Simple‘shell

model predictioné are in agreement with the experimental results

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

Level structure of “°Ca from the 44Ca(d,p1)450a reaction

(F. Brandolini, L. El Nadi, I. Filosofo, F. Pellegrini and
C. Signorini - Nuovo Cimento 56B (1963) 137)

s . 4 .
Gamma radiation studies from the 44Ca(d,py) 5Ca reaction, ob-
served at a deuteron bombarding energy of 5 MeV, have establish-

ed that the 1.90 MeV and the 1.43 MeV states of 45Ca have both
3

-angular momentum an 5 The . 1.90 MeV level 1s shown to de-

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

h The 1.43 MeV level is showﬁ to de-excite with a relative inten-
sity of 70% to the 0.176 MeV state and of 30% to the ground
"state. In addition, for the transition to the 1.90 MeV of 45Ca
it has been measured the (p-Y) angular correlation, in the reac
tion plane, with the proton counter on the peak of the stripping
curvé'at 25°. The observed gamma angular correlation and the
corresponding axis of symmetry are in agréement with the predic-
tions of D.W.B.A. theory. Finally, experimental values of the
multipole-mixing parameter & were deduced and the experimental
bfancﬁing ratios were compared with the predictions of the shell-
-model theory. Satisfactory agreement between experiment and
thebry is obtained assuming an effective neutron charge of 0. 6e.

Study of the (d,p) reaction on 48Ti and 5OTi nuclei

(K Grotowskl, A. Jasielska, T. Panek, F. Pellegrlnl and
S. Wiktor - Acta Physics Polonica 34. (1968) 939)

Proton spectra from 48T1(d p) T1 and 50 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,
1.72, 2.50, 3.26 and 3.80 MeV states of 9T1 nucleus, and two
proton groups leading to: ground and 1.16 MeV states‘of 51Ti
nucleus were taken for the analysis of angular distributions.
The distorted wave, zero range Born approximation method was
applied and the Q!-values as well as spectroscopic factors
lcorresponding to different transitions were obtained. Four
different sets of parameters of the deuteron optical potential
wvere 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 potentiaisldnly, which have the depth of the real potential
not lower than about 100 MeV, appeared to be acceptable. 1In

measured angular distributions noticeable effects due to differ-



the (n;n'y) reaction in Na"~,C

- 96 -

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.
( _

. . . : . 12
Elastic and inelastic scattering of fast neutron from C

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

A measurement has been perfofmed of 50 angular distributions of
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 caléulations of the angular distributionlcoefficients 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 productiohé 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.
Relativevangular distributions for 30 gamma rays produced by

23 rSO,Crsz,Cr53,Cr54,Fe56,Ni5§,Ni6O,
Cu63 and Cu65 were measured oVer the same energy range and |
compared with the theoréfical 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 sectibns are larger than the expgrimental values.
In most cases the calculated cross sections based on the Moldauer
theory are in better'agreement wvith the experimental ones than

those of the Hauser-Feshbach calculations.
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SOTTOSEZIONE DI FIRENZE DELL'ISTITUTO NAZIONALE DI FISICA NU-

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

The main activity of this group concernsqray spectroscopy with

the aid,bf.solid state detectors:

Level scheme of 45Sc

(*)

, N. Taccetti)

45

The reaction "“Sc(p,p'Y) has been studied making use for the
detection of Yy-rays of a 5 cm3 Germanium detector at the 5.5
MeV Van de Graaff accelerator in Legnaro (Padua). From the ¥

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 NaI(Tl) detector we obtained the

decay scheme of the 455

c levels up to about 2.0 MeV of excita-
tion energy. Partiéularly 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+,11/2+ﬂlevels,
which may be ﬁnderstood as a band constructed on a void basis

in the layer (2s1d).

Leveis of 5OV

(p. Blasi, P.R. Maurenzig, N. Taccetti’)

The 50Ti(p,ny)sov 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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of Padua, at energies from 3 to 4 MeV. The gamma analysis was
performed by means of Germanium detectors. 1In particular to
detect Y rays of low energy (E <50 keV),»uSe has been made of
a s Cm3 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-Yy coincidence measurements between a
Germanium detector and a NaI(T1l) detéctor, and from efficience
measurements, the scheme of the 50V 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
agreement with the theoretical previsions of a pure (I-‘7)3.(P7)-1
2 2
model. Noteworthy is the fact that in this case, at variance
from what generally happens in the f7 shell, there are no states
: { 2
present (at low energy) which are due to configurations of dif-
ferent type. . |

. 2 0
Half-1ife measurements in 9P and 3_P

(P.G. Bizzeti, A.M. Bizzeti-Sona, A. Cambi, P. Maurenzig, C. Si

(%), D

gnorini

The ?8Si(p,y) 29P and 29Si(p,y) 30P reactions have been used
' ‘ . . 0 .

to determine the half-lives of some levels in 29P and 3 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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using a 5 cm3 Germanium detector of 3.5 keV resolution (at‘E =

= 1 MeV). The half-1ife of the first excited level of 29P re-

-13
s

sults to be T=(1.6%0.3).10 ; the intensity of the Ml trag

sition towards the fundamental level is then B(M1)~0.07 W.U.

o .29,
comparable to that of the correspondent. transition in 981.
30

About the measurements in P, still in course, we report a

preliminary value for the half-life of fhe'2_ level at 4.14 MeV,

T:(O.2910.12).1O-13s ; the corresponding intensities B(El) for
the transitions to the ground level and to the 1+ level at

709 keV are respectively a=~2.4 10-4 W.U. and ax0.6 10-4 W.U.-

Level scheme of 422

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

A previous study of the 49Ti(p,ny)49V reaction concerning the
49V levels up to 1155 keV has allowed us to fdentiﬁy‘two levels
of positive parity: one at 748 keV of spin 3/2, the other at
1141 MeV, the fbrmer interpretable as a hole state in the (1d42s)
layer, the latter (of probable spin 5/2) of more difficult attri
bution. To get further information~weAhave carried on the study
of the 49Ti(p,nY)49V reaction with pfétons of energy up to

3.6 MeV. From the gamma spectra obtgined by Germanium detec-
tors, from gamma-gamma coincidences with Germanium and NqI(Tl)
counters and from yield measuréments we have reconstrﬁcted the
49y levels up to a 1664keV 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 (1d2s) layer, analo-

gously to what happens in #35¢ and in *F’sc.

(%)

Institute of Physics, University of Padua
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Low-lying levels in 143pp

(%)

, P. Sona, N. Taccetti)

143

(pP. Blasi, M. Bocciolini

Gamma transitions between low-lying levels of Pm populated

in the decay of_143Sm have been investigated by means of 1lith-
i;m drifted.germanium detectors{ Gamma-rays of 273, 1056,
1173, 1243, 1403, 1516, 1545 keV have been detected; log £t
values, levels‘and spins of 143Pm have been deduced from inten
' sity ratios and coincidence measurements. Evidence for the ex
istence of a 273 keV level which is the %: predicted by the
pairing plus quadrupole force theory of Kisslinger and Sorensen
comes out particularly strong from the analysis of 143Nd(p,n‘Y)MBP

reaction data.

. _
(%) I.N.F.N., Florence subsection
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'GRUPPO DI RICERCA DEL CONTRATTO EURATOM—CNEN-INFN - ISTITUTO DI

FISICA DELL'UNIVERSITA', BOLOGNA (ITALY)

Preliminary experimental result on the mean lifetime of the

10.94 MeV state of O16

(%)

(I. Filosofo , E. Fuschini, C. Maroni, A. Uguzzoni, E. Veron-
dini)

As known, parity-mixing in nuclear states can be experimental-
ly tested by lookiné for Y-decays of unnatural parity stateé in
016, which are forbidden by parity selection rule. Specifical-
ly, these states have ekcitation energies of 8.88, i0.94 and
11.06 MeV respectively, as shown in Fig. 1. Among these levels
the 10.94 MeV one has been shown [1] to be the most suitable for
achieving the best sensitivity in the determination of the par-
ity-mixing coefficient F . 1In a previous paper [2] an experi-
mental method to measure F 1in this state was proposed, but
the feasibility of such an experiment is strongly deﬂendent on

the value of the (not yet measured) mean life of the level.

This note reports avpreliminary experimental result about the

mean life of the 10.94 MeV level of 016.

In the experiment, the 3.82 MeV Y-ray spectra from 10.94 MeV
level are recorded when the O16 ion decays (a) in vacﬁum, and
(b) in a stopping material. It is known [3] that, in order to
derive the Doppler shift attenuation from recorded spectra,
mény correctiohs 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 especiallyiwhen (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 élec—
tronic fluctuations can be corrected in a very simple way by
recording y-rays from a 1eve1@bf.known meanlife (reference 1ég
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 1'8.88=(1.92.to.29)x10-_13 séc‘[3].
The states of O16 are excited By the reaction

He3 + N14—-p + O16 )

induced by the 4 MeV He3 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
ihg 0.5 wn thick. With the thick target the He3 beam impings on
TaN directly, whereas with the thin target it passes through

the backing (in thi§ case the beam energy is obviously increased
- to compensate the slight energy loss in the backing). Fig. 2
shows the experimental set-up. One can discriminatethe O16
levels of interest by'setting\appropfiate discriminator bias on
the spectrum of the protons detected by the anular solid state
détector. Fig. 3 shows a typicaliproton 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 coinci

dence spectra. By assuming the quoted value of < our

8.88 '

experimental results give
13

. = . ‘-'- . - ( .
110.94 - (0.50%0.25)x10 sec

(*)

Kindly prepared by Telettra S.p.A., Milan
!
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The quoted standard deviation does not take into account the

uncertainty on T , which, on the other hand, would in-

8.88
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 18 88 °

References

[1] F.c. Michel - Phys.Rev. 133 (1964) B329.
[2] E. Fuschini et al. - INFN/BE-67/15 (1967).
[3] R.E. Pixley and V. Bénenson - Nucl.Phys. A91 (1967) 177.
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Fig. 1 - Simplified level scheme of O . Arrows show
the y transitions involved in the Doppler
shift attenuation measurement of the present

work.
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LABORATORIO DATI NUCLEARI, CENTRO DI CALCOLO DEL C.N.E.N.,

BOLOGNA (ITALY)

Theoretical calculations. of neutron elastic and inelastic

scattering cross sections

Scattering of 3, 4.3, 6 and 7.5 MeV neutrons from165Ho (*)
(%) ) (%) )

(U. Fasoli , P. Sambo , T. Toniolo "y G. Zago ,

L. Zuffi)

Total cross sections and differential cross,sections for both

elastic and inelastic neutron scattering have been measured for

165Ho target at the 1nc1dent energies of 3, 4.3, 6 and 7.5 MeV.

The experimental data have been analyzed 1n terms of a general-
ized optical model with the coupled-channel method [1]

165Ho has been considered an axially symmetric rigid rotor and

the parameter values (Tab. I) of the interaction potential,

obtalned by flttlng the angular dlstrlbutlons (Fig. 3) seem to
give a good agreement for o (E) and for o Def’ [j][?][g][4][5]
too (Tab. II).

Coupled channel calculation of elastlc 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

protons scattered by Mgz.5 [6] have been analyzed in terms of

. coupled channel calculation [7].

The low-lying excited states of Mg25 are considered as belonging

to two rotational bands practically independent with KX=5/2

* e '
( )wark performed under the CNEN-University of Padua Contract

% . _ 4
( )INFN Group, Institute of Physics, University of Padua



1_-4.

- 110 -

(ground state band) and K=1/2 [6] (Fig. 1).

The nucleus is successfully described by an even-even axially-
-symmetric inert core plus a nucleon which can be in a set of
single. particle levels all of which :are eigenfunctions of a
spheroidal Hamiltonian [8].

Then'the.diréct interaction is described by'a non central macro .

scopic optical potential plus a microscopic particle-odd nucleon

interaction which allows the transitions of the last one to

different single particle states.

The effective nucleon-nucleon interaction used is a real local
central potential‘of Gaussian shape.

The agreement between theory and experimental data seems to be

satisfactory (Fig. 2).

Elastic and inelastic scattering of neutrons by Sodium at 1.51,

2.47; 4.04 and 6.40 MeV (*).
(%)

) ),

(V. Benzi, U. Fasoli , D. Toniolo G. Zago

The analysis of experimental data has been completed (see
EANDC(E)89"U", p. 112). 1In tables III and IV the various total
cross sections are given, whereas Table V gives the coefficients

of the Legendre polynomial expansion
o(9) ;fl. F, (cos &)
T

The theoretical analysis was performed in the framework of the
generalized adiabatic optical model, assuming a deformation

parameter B8 = 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 = 49,3=0.33E MeV Wy = 5.75 MeV
a = 0.65x10 cm b = 0.35x10 cm
= 1.25A1/3.1O—13cm R = 1.25A1/3.1o*13cm
ao : bo .

where E 1is the neutron energy in the c.m. syﬁtem and A 1is
the mass number of the target. These parameters are very simi-
lar to those obtained by Agee and Rosen from a systematic analy
sis using a spherical optical model.

A detailed paper will soon appear in Nuciear 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

12, 40

C, Ca andA28Si has been‘performéd in thelframe of the one
particlg—one hole continuwn approximation by means of the
coupled-channel methdd [9],[ﬁ0].

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 O has been studied
and the 16O 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.

: . . . 16
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[ﬁﬂ.
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Collective and direct radiative captures

Fast nucleon radiative capture

The interference term between direct and collective dipole radia
tive capture of nucleons by nuclei has been obtained [ﬁ2] .

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 nucleon capture cross-sectior
for 130Te, 142Ce.and 208Pb have been calculated.

A systematicAanalysis 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 E3] . 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 contributio:
from the compound nucleus mechanism is also necessary,' The
results have been obtained by using for all the nuclides the same

set of optical and bound state parameters consistent with experi-

" mental data. A comparison between experimental and calculated

cross—-sections for the 55Mn(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 leac
to an empirical expression relating the (n,y) cross-sections to
some fundamental nuclear characteristics [14].

The cross—-section for the quadrupole radiative capture of nucileo:
by nuclei via direct mechanism has been given [15].

The 142Ce(p,y) reaction is investigated in the (10+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 drder of magnitude as the dipolé one.
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Table I - The parameter values of the interaction

potential.
v LA A | @ | P [Ro=Ro| B
(MeV)| (MeV)| (MeV)| (MeV)| fermi| fermi | fermi
3 | 46 o | 6 10 | 0.58| 0.40| 1.25| 0.30
4, 46 0 6.5 10 0.58} 0.40| 1.25} 0.30
6 |46 | o |7 10 | 0.58| 0.40| 1.25] 0.30
7 45.5 0 7.5 10 0.58 ]| 0.40] 1.25| 0.30
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Table II - Comparison between experimental and theoretical

QTSE) and O er gf neutron scattered by Ho.
E (Mev) 3 4.3 6 7.5
_exp* ‘ V '
o 6.2540.13 | 5.6540.12 | .5.20+40.10( 4.90+0.10
(barns)
c;h- 6.26 5.62 5.16 4.97
(barns)

* ¥ . -
AcSXP 72420 140425 70425 -20+430
Def - - - -
Acth 49.9 127.4 94.1 —21.7

Def
(mb)

»*
Present work

*

¥*
Ref. 5
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Table I1I- Experimental cross-sections (barns) for 23Na at various
energies for different levels. Errors are estimated to

be 10+20% (see text).

Level energy Neutron energy (MeV)
(Mev) 1.51 2.47 4.04  6.40
0 2.00 . 2.79 1.28
0.44 0. 60 0.69 0.39 097
2.08 _ (0.06) 0.21 0.13
2.39 0.11 0.03
2.64+2.71 0.21 0.16
2.98 0.14 0.06
3.68
3.85 e not 0.18
3.92 obs.
" 4.43 - - 10.04
4.78 : 0.07
=5.38 | : not obs.




Table IV - Comparison between partial, total and theoretical cross-sections (barns)

Neutron Experimental Theoreticai
Energy .
(MeV) 0ltotal cel O'in' O'el+in el+nln'“l44) 0total O'el 0'el+r1.r1'(o'44)
1.51 2.54+40.05 2.02+0.20 Q.60_-t0.06 2.62+0.26 2.62i0.26 - - -
2.47 3.25+0.07 2.79+0.28| 0.75+0.08 |3.54+0.35 3.48+0.35 - - -
4.04 | 2.2340.04 1.28+40.13| 1.06+40.11 |2.34+40.23 1.67+0.17 2.17) 1.16 1.47
6.40 1.70+0.04 - - 1.6410.17' 0.97+40.10 1.82 0.79 1.05

L1T -



Table V - Legendre polynomial coefficients (c.m.)

(mb/sr)
Energy aoiAao ?1iAa1 aQiAa2 a3iAa3 a4_tAa4 as_tAa5 va61Aa6
(MeV) : ,
1.51 161.141.6 | 92.043.0 [ 52.043.7
2.47 222.1+42.3 | 282.145,0 | 183.2+45.4 | 49.9+4.7
4.04 101.541.4 | 148.443.4 | 127.1+4.3 | 61.8+3.8 | 18.8+3.1
6.40 ) 73.840.6 | 79.9+1.5 | 113.4+2.4 | 107.742.3 | 91.9+2.7 | 43.5+42.0| 24.6+2.1

‘a)'(Elastic)+(O.44 MeV inelastic scattering)

_8-[-[..
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I Energy levels of 25Mmg
4
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| Exp. = K 5/2 band K 1/2' band

J.Kelson andiC.A. Levinson
-Phys. Rev. 134 B, 269 (1964)

Fig. 1 - 275Mg level scheme.
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[Dala are from G.M. Crawley and G.T. Garvey,

25 N250 %
Mg(pp)™"Mg  Ep7s (Mev) Phys. ReV.167,1070 (1968)]
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Fig. 2 - Comparison between experimental and theoretical

angular distributions of proton scattered by
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En=6.40 /

5 -

Cos ® (c.m.)

Angular distributions of neutrons with incident
energies Eh , scattered frOm 23Na. The - three
lowver 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 ére Legendre

polynomial fits. The statistical errors are small

er than the diameter of the dots.
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.XVIII-GRUPPO‘DI RICERCA DEL CONTRATTO EURATOM-CNEN-INFN, ISTITUTO DI
FISICA 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 reéctions, and
the photoneutron cross section represents a good test for the
theory because the pfésence of an intermediate structure 1in the
photo absorption cross section reveals itself in photoneutron
experiment. | |

We have measured (y,Tn)vcross 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 isdescribed in ref. [1,2,3].

The yield curves, measured in steps of 250 KeV, were analyzed

with the method proposed by Cook [4]'using S, smoothing matri

2
ces.

The (y,Tn) crqés section for Ni is shown in fig. 1. 1In thé
~same figure the vertical bars represent the dipole strengths
predicted by theory [5]. As one can see, many of the theoreti
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 recogniziﬁg the presence of six
absorption lines between the fhreshold and 22 MeV. These are
plotted in fig. 3a. The predictions of DTCM [6] 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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. g . 28 .
Neutron inelastic scattering from S1

Inelastic scattering of 14 MeV neutrons from 2881 has been mea
sured from 30° to 90° up to 7 Mev exéitation energy. |
Angular distribution for 3~ 1level excitation at 6.88 MeV has
been obtained. At angle greater than 60° excitation of the 3"
non naturaliparity level at 6.2 MeV has been revealed.

The values obtained for 3~ level are:

320 40° - 4.92 0.4
420 58! 3.6 X 0.3
530 331 3.5 £ 0.3
63° 58' 4.2 T o.
740 20" 3.3 0.2
840 32! 3.4 2 0.3
* 0.1

194° 35! 6.0
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XIX. SERVICE DES MESURES NEUTRONIQUES FONDAMENTALES - CEA SACLAY (FRANCE) -
. 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 -

[ Comme indiqué dans le rapport EANDC (E) - 89, on a repris 1'étude de la fis-
sion symétrique pour 23 5U, 233U et 239Pu'. Le dépouillement des expériences

est en cours.

2 Etude de la distribution corrélée angle-énergie des différentes particules 1é-
géres dans_le cas de la tripartition de """ U induite par neutrons lents- [1]

On a mis en évidence une augmentation de 1'énergie des ¢ et des tritons aux

petits angles. La distribution angulaire des tritons est moins anisotrope que

celle des a.

i avec 1'Université de Bordeaux). A
| La méthode de décontamination des spectres de fission était utilisée pour

étudier plus particuliérement les régionys symétriques et trés asymétriqués .
Les particules de long parcours étaient détectées par un banc de six détec-

teurs Si(Au), Le dépouillement est en cours,

Chatel) .

en fonction de leur charge - (en coliaboration avec le CEN de Bruyéres le

On a mesuré simultanément. pour un méme fragment :

- le nombre de neutrons émis a l'aide d'un détecteur liquide chargé au gado-
linium, |

- 1'énergie des rayons X émis grice a une jonction Si(Li) ; les rayons X sont
caractéristiques de la charge des fragfments, |
- I'énergie cinétique du fragment a 1'aide d'une jo.nct'ion a barriére de surface.
On a obtenu ainsi la variation du nonibre moyen de neutrons en fonction de la .
charge des fragments. On a pu mettre en évidence une ‘structu're fine de c’e_tte

variation, mais on n'a pas trouvé d'effet di a la parité de la charge. On a
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également obtenu la variation de d V /dE en fonction de Z - [2] [3].La

figure 1 montre les résultats obtenus pour V) (Z).

Un programme de Monte Carlo a été écrit pour simuler des expériénces uti-
lisant des scintillateurs liquides chargés au gadolinium dans diverses géo-
métries, Ce calcul permet d'optimiser la géométrie des détecteurs par rap-
port & l'expérience,

Spectroscopie nucléaire a l'aide du rayonnement de capture de neutrons
thermiques - [5} [6]

Le travail fait en 1968 a surtout consisté a améliorer la précision des mesu-

res. d'énergies des raies gamma,. Pour ce faire, diverses méthodes ae dépoui
lement ont été mises au.point et une étude détaillée des défauts de linéarité
des chaines de détection a été faite.

Développement des installations expérimentales -

Le groupe disposait en 1967 de deux faisceaux de neutrons thermiqu'es :

- 1'un obtenu par diffraction d'un faisceau direct sur un monocristal de plom
Son intensité est de 2,106 n/cm2/s.

- l'autre est un faisceéu direct filtré par Lm monocristal de bismuth et un mc
nocristal de quartz. Son intensité est de 2.108 n/cm2/s. Une troisiéme ins
tallation a été réalisée en 1968, Elle est identique a la précédente, mais le
monocristaux sont portés a la température de l'azote liquide, Le flux obtenu
est de 5.108 n/cm2/s. |

Enfin, en collaboration avec le Service de Physique du Solide, on a réalisé

un tube conducteur de neutrons donnant un flux de 3,107 n/cm2/s et d'une

"longueur de 30m. Un nouveau tube est en voie d'installation sur le m&me ca

nal, L'utilisation d'une source froide devrait permettre d'obtenir des flux de
l'ordre de 2 & 3.108 n/em2/s  [7] .

L'étude d'une installation produisant un faisceau de rayons gamma monochr¢
matiques d'énergie variable entre 1 et 7MeV est en cours, Le principe de
l"install.ation est le méme que celui de celle réalisée 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 télé-
commande des _cibles productrices de neutrons, L'installation de ce disposi-
tif est terminée. Aprés une série d'essais pendant la période d'arrét annuel
de l'accélérateur linéaire, ce dispositif a été mis en service en octobre,
Une étude est actuellement en cours pour réaliser un appareillage destiné

a la récupération des cibles ayant subi des avaries,

Le nomb‘re—et la disposition des bases de vol sont inchangés paf rapport a
l'année 1967.

Electronique, Calculateur CAE 510, Programme de dépouiilement et d'ana-

lyse des données (B. CAUVIN, M. SANCHE) [8]

L'équipement électronique a été complété par l'installation d'une 2e chafine
d'enregistrement et d'analyse multiparamétriques a band.e magnétique 16
pistes d'une part et d'une chaine de lecture des bandes magnétiques-a 16
pistes associée au calculateur CAE 510 pour &tre converties en bandes a 7
pistes utilisables directement par les calculateurs d;autre pért.

Le calculateur CAE 510 a fonctionné en ligne pendant toute la durée des
mesures., Un nouveau programme d'acquisition en ligne a été mis en servicér

Il perget de coupler le calculateur a 6 expériences simultanées dont une

(qui demande un nombre de canaux égal a 16K) accumule directement dans la

.mé'moire centrale du calculateur et les cing autres dans des blocs-mémoires

BM 96 a 4K qui servent ainsi d'extension a la mémoire centrale, Le 1code
logique de certains blocs mémoires BM 96 a d'ailleurs été modifiév pour aug- ‘
menter leur capacité dans le mode d'acquisition en 2 x 4096 canaux, Le
passage de la logique DCB a la logique binaire a permis d'obtenir un conti-.
nu maximal de 1024 coups par canal pour les deux séries de 4'096 canaux,
L'acquisition en ligne de l'expérience principale dans la mémoire du calcu-
lateur se fait maintenant en mode groupé ce qui permet siﬁultanément 1'uti-

lisation d'un des programmes secondaires suivants :

- ~ tracé Calcomp de séries quelconques écrites  sur bande magnétique,

- visualisation sur écran cathodique d'une série en cours d'accumulation

dans la mémoire centrale.
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Ces préagrammes éecondaires permettent aux physiciens de vérifier immédia-
tement leurs résultats et de procéder & un traitement préliminaire accéléré.
Les programmes de dépouillemént sur calculateur IBM 360~75 ont été con-
densés, vérifiés et écrits sur disques maghétiques stockés prés des gros
calculateurs du C.E.N. Saclay pour permettre leur mise en ceuvre prochaine
par console IBM 1050 située dans le batimént de 1'accélérateur linéaire,
La compatibilité des modes d'écriture sur bande magnétique par calculateur
CAE 510 et 360-75 a été gardée, Ceci nécessiterait l'élaborétion de sous-
- programmes particuliers, Le programme de dépouillement de base (SMNF 022
sur 360A—7:.5) a été ainsi écrit de maniére modulaire pour que toutes les fonc- =
tions d'entrées et de sérties multiples des séries résultats soient présentées
sous forme de sous-programmes utilisables facilement par les physiciens,

Mesures par temps de vol de neutrons -

Les bases de vol ont été utilisées de la fagon suivante :

~ Base n°l : Sections efficaces totales - H, Tellier, J, Dabbs*, ‘H. Derrien
D. Keenig, C. Newétead, 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 g de capture - M, Asghar, B, Cauvin,
A. Katsanos, C. Newstead '

- Base n°5 : Sections efficaces de diffusion élastique - J. ‘Til.rochon‘

- Ba_se‘ n°6 : Spectres des rayons vy de capture - H, Landon**, B, Cauvin,

| A. Lottin, D, Paya

Sections efficaces totales -

La plus grande partie de l'activité a été consacrée a 1'étude des isotopes du
f'fellure en provenance du Laboratoire Na'tional d'Oak Ridge, Les quar_ltités dis-
ponibles pour chaque échantillon enrichi en un isotope déterminé variaient
entre 3g (123Te) et 30 grammes. L"enrichiss,ement était de 85% pour le 123Te
et supérieur a 95% pour les autres isotopes (A=122, 124, 125, 126, 128, 130)
Les épai‘sseurs d'échantillons étaient comprises entre 0,4 et 4,8 grammes'par
. cm?, Les distances de vol étaient de 17 métres pour 123Te et de 53 métres
_pour les autres isotopes. La gamme d'énergie étudiée s'étend jusque vers
%) détac}{é bar "Oak Ridge National Laborator}}"

%% ) détaché par "National Bureau of standards"”
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30keV dans les cas les plus favorables,

Les résultats ont été obtenus par analyse de forme en utilisant la formule de
Breit et Wigner & un niveau, élargie par les différents effets expérimentaux
(résolution, effet Doppler).

Ces mesures ont perrﬁis d'améliorer considérablement les résultats antérieurs
obtenus dans d'autres laboratoires,

L'analyée des résultats, telle qu'elle a été conduite jusqu'a présent, perrhet )
d'obtenir la fonction densité pour les ondes "S" pour tous les isotopes du tel-
lure _(Tableau I) . On constate une nette décroissance de "S," en fonction du
nombre de masse (Fig, 2) en contradiction avec les calculs effectués avec
différents types de modele optique,

Sur la figure 3, nous avons tracé l'histogramme classique dans lequel la som-

me cumulative 2g (g3 est portée pour 1'ensemble des résonances de 126Te

. situées en-dessous de 1'énergie E(eV) en fonction de E. La fonction densité

So pour l'isotope 126Te est déduite directement de la pente de cet histogram-
me, |

De plus, quelques mesures ont été faites sur les éléments suivants :

-~ tellure naturel : échantillon épais refroidi & la température de 1'azote liqui-
de ; base de vol de longueur L. = 100 métres ; -
-~ Thulium, échantillons épais refroidis ala température de 1'azote liquide ;.
base de vol de longueur L = 50 métres,

Cette étude a consisté dans la mesure de l'anisotropie des fragments de fis=
sion lorsque’ cette derniére est induite par des neutrons de résonances non
polarisés. (c'est-a-dire tels qu'ils sont issus de la cible, d'e l'accélérateur.li—
néaire) dans des noyaux de 235U alignés.

L'appareillage mis au point par J. Dabbs & Oak Ridge a été transporté a Sac-.

" lay pour faire cette mesure dont le but était de déterminer la valeur m'oyenne

du nombre quantique K'dans les résonances. La mesure a duré environ 220heu-
res avec une base de vol de 5 métres pour une gamme d'énergie s'étendant de

0,3eV a 175eV. La température moyenne du cristal UOZRb(N03)3 était de ¢ gk

Pour une cinquantaine de résonances situées en-dessous de 50eV, la valeur
effective de K semble distribuée autour d'une valeur intermédiaire (1£Kg2).
Au plus, quelques résonances ont une valeur de K voisine de 0, contrair'ement/

& ce qui peut &tre déduit d'une théorie .simple des voies de sortie. Une petite’
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résoﬁance située a 4,85eV semble avoir nettement la valeﬁr K#T7.

Les résultats sont en cours d'in’;erprétation.

Sections efficaces de fission -

L'effort principal a été porté sur la mesure de la section efficace de fission
de 239Pu évec un détecteur d'un type nouveau mis au point en 1967, C'est
un scintillateur gazeux fonctionnant & la température de 1'azote liquide et
contenant 1 gramme de 239Pu [10] [l 1:' . Les mesures préliminaires de
1967 ont été améliorées en 1968 avec une résolution nominale de Ins/m (lon-
gueur de la base de vol 50m). Le nombre de coups au sommet de la résonan-
ce a 75eV est de 6500 par canal de 100ns. La qualité de cette mesure est nét
tement supérieure a celle de mesures similaires effectuées dans d'autres la-
boratoires, L'analyse a permis d'obtenir les résultats suivants : [l 2] [l 3]

1 - les paramétrés des résonances, analysées par le formalisme & un niveau
jusqgu'a une énergie de 440eV ;

2 - le spin pour une quinzaine de résonances suppl‘émeﬁtaires :

3 - le coefficient d'autocorrélation qui est nettement différent de zéro, ce
qui confirme l'existence d'une structure intermédiaire, interprétée comme
étant probablemént due a la fission en-dessous du seuil dans la voie 1% (Fig,
On a, par ailleurs, calculé la section efficace moyenne de fission jusqu'a
25keV,

Multiplicité des ravons 7y de capture - ,

La méthode gqui consiste a détefminer le spin des résonances par 1'étude de
la multiplicité des rayons v de capture dans ces résonances a été étendue. a
plusieurs autres noyaux. Pour la premiére fois, elle a été appliquée a un
noyéu fissile, le 235U [14] . Afin de réduire la contribution des rayons vy de
fission, les seuils de discrimination ont été réglés a des valeurs relativeme
élevées : 4,5MeV pour la voie"simple" et 1,1MeV pour la voie "coincidence"
De plus, une plaque de plomb d'épaisseur 1cm a été interposée entre 1'échar
tillon de 235,U et les cristaux de Nal, Dans ces conditions, les rapports R
ainsi obtenus sont nettement séparés en deux groupes pouvant correspondre
aux valeurs de spin ]Tf =3~ et ]T( = 4~ (Fig.5 ). Les Irésultats sont en bon
accbrd avec les spins des deux résonances a 8,8eV et 12,4eV déterminés pa
une méthode de diffusion élastique au C,E,N. de Mol.

Les mesures relatives a d'autres noyaux (holmium, iode et antimoine) sont e

cours de dépouillement,
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Sections efficaces_de diffusion élastique -
Le détecteur utilisé pour ces mesures esﬁ composé de 8 cellules de scintilia—
teur liquide NE 321 A (diamétre 47mm, épaisseur 1,5mm) couplées optique--
ment a des photomultiplicateurs EMI 951%1 A et 9536. Les impulsions dues aux
rayons v sont éliminées par discrimination de forme, {l 5]

Ce détecteur est installé & 32,75m de la cible de 1'accélérateur linéaire. Il
est entouré d'une épaisse‘ protection .en paraffine borée afin de diminuer le
bruit de fond. | .

La principale application de ces mesures est la détermination du spin des ré-
sonances, lorsqu'il n'est pas trop élevé.

Les noyaux suivants ont été étudiés ou sont en cours d'étude :

- 125Te : échantillon, enrichi en 125Te, ;d'épaisseur 0,387 10_3atm/barn et
0.758 10‘3atm/barn ; gamme d'énergie : de 200 a 4000eV ; le spin d'une _tren—
taine de résonances a pu étre attribué,

- lste : échantillon enrichi en 123Te, d'épaisseur 0,967 1073 atm/barn ;
gamme d'énergie ; de 200 & 1000eV ; le dépouillemént est en cours,

- 239Pu : mesure préliminaire avec un échantillon de 239Pu, d'épaisseur

n = 4,10-4 atm/barn, La contribution des neutrons de fission est évaluée'en

utilisant des cellules de scintillateur lighide NE 213 qui ne contiennent pas
10 :
e

d B.
- Les résultats obtenus en 1967 sur le gadolinium ont été dépouillés et un
certain nombre de spins ont pu étre obtenus : 5 pour 155Gd et 19 pour 157Gd.

Ils sont en excellent accord avec ceux qui.ont été déduits de la mesure de la
multiplicité des rayons 7.

Un effort important a été fait pour améliorer les conditions de travail, particu-
liérement sur les points suivants :

- rétablissement des caractéristiques du détecteur Ge-Li et de 1'électronique

~aprés la surcharge provoquée par l'éclair v émis & chaque cycle par l'accélé-~
p g Y Y

rateur linéaire, Dans les conditions usuelles 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 a chaque impulsion,

Cette surcharge a été pratiquement éliminée en interposant entre la cible en
uranium et l'échantillon, contre la cible, un écran trés épais de plomb. Il

masque ainsi la partie de la cible qui émet des rayons v de freinage, mais .
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laisse intacte la plus grande partie du ralentisseur qui émet les neutrons de
résonances. Dans ces conditions, la contribution de 1'éclair 7 dans le dé-
tecteur a été réduite a quelques MeV, ce qui permet d'utiliser une électroni-

que classique a bonne résolution, Le gain de la chaine électronique est ré-

- tabli & sa valeur nominale environ S/US aprés 1'émission de 1'éclair v, A une

distance de vol de 12 métres, ce temps correspond a celui de neutrons de |,
30keV, Cette énergie est bien supérieure a cell_e des résonances dont on étu-
die le spectre des‘f‘ayons v de capture. ‘

- bruit de fond : l'installation de nouvelles collimations et de protections en
bismuth a permis de réduire le bruit de fond et donc d'observer des transi-
tions de plus faible intensité.

Les noyaux suivants ont été étudiés :

~ Fer : résonances a 1.15keV et a 29,2keV de °OFe (diode coaxiale Ge-Li de
30cm3) [16]

Dans la premiére résonanc.e, une raie non primaire de 900keV a été observée
qui n'était pas connue auparavant, Elle a permis d'identifier la cascade de
6340keV 5 900keV aboutissant a 1'état 3/2‘ de 366keV dans °7Fe,

Dans la deuxiéme résonance, bien que la résolution soit satisfaisante, le
bruit de fond est trop important pour que l'analyse du spectre soit possible,
- Antimoine.: (détecteur : diode plane Ge-Li de 8cm3 de résolution environ
3keV & 1MeV).

L'analyse des spectres de rayons vy dans les résonances situées en~dessous

',de 120eV est en cours, La figure 6 montre le spectre brut tel qu'il a été ob-

servé dans la résonance a 6,24eV de 121gb,

Analyse des sections efficaces des noyaux fissiles a l'aide d'un formalisme
a plusieurs_niveaux - (H. DERRIEN)

Cette étude a été faite, en partie, au Laboratoire National d'Oak Ridge avec

la-collaboration de Gérard de Saussure ; les noyaux étudiés sont le 235U et

e 239Pu. Pour le 235U, une courbe théorique a été calculée dans le domaine

d'énergie allant de 0,1 a 100eV et s'adaptant aux sections efficaces totale

(mesures faites a Saclay), de capture et de fission (mesures faites auprés de

I'accélérateur linéaire de RPI). Le formalismé utilisé est celui de D,B. Adler

et F.T. Adler. Pour le 239Pu, 1'étude a été faite sur la section efficace tofa—

le entre 5 et 160eV sur les courbes expérimentales de Saclay, par l'utilisa-

tion du mé&me formalisme, On obtient un trés bon accord entre la courbe théo-
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rique et les résultats ekpérimentaux ; mais l'interprétation physique des pa-.
rametres est trés difficile, étant donné la oomplexité de la transformation |
permettant de passer des paramétres du formalisme d'Adler aux paramétres de
la matrice R (transformation orthogonale diagonalisant la matrice des niveailir'
A). Cette étade peut étre néanmoins trés utile auX pilologues:, |
L'étude des sections efficaces totale et de fission du 239Pu (obtenues a Sac-
.lay sur des échantillons refroidis a la -température de 1l'azote liquide) se pour=
suit actuellement en utilisant d'autres formalismes multiniveaux dérivés’-de' I
théorie de la matrice R : formalisme de Vogt et formalisme de Reich-Moore,
Pour ce dernier formalisme, le programme utilisé emploie la méthode des
moindres carrés les dérivées de la fonctlon théorique, par rapport aux para—_
métres des résonances, étant calculees par une méthode numérique,

Les premiers résultats sont trés encourageants ; en partlcuher on confirme
I'existence d'une seule voie de sortie fission pour 1! etat de spin 1+ du noyau
composé, et deux voies de sortie pour 1'état de spin 0 ' '

GROUPE DES NEUTRONS RAPIDES - (J.L. LERQY)

Les travaux décrits ci-dessous ont été effectués autour du Van de Graaff de’
5MeV de Cadarache, parD ABRAMSON, A ARNAUD, J.C. BLUET, P. FAR-
DEAU, G, FILIPPI, E. FORT, TJ. GENTIL ‘D. HEBERT J.L. HUET C. LERIGO-*
LEUR, J.L. LEROY, I. SZABO,

Commande de 1'accélérateur et des expériences associées au moyen d'un

‘calculateur électronique -

L' essentiel de ce projet était réalisé au début de 1968, et le fonctlonnement
automathue a été largement utlllse Il a permis d' augmenter le temps d'ut111—
satlon des installations d'un facteur 2 environ, Cette année, quelques com=-,
mandes supplémentaires ont été reallsees . En outre, on s'est efforce_ d' amé.—.
liorer.la proorammatio‘n du 'systéme pour la rendre plus souple grace a urvleljti-
lisation plus importante du FORTRAN . Chaque fonction élémentaire decomman'-
de, de réglage ou d' acqu151tlon peut étre faite au moyen d'un sous- programme
' ecr1t en langage Symbol et appelable en FORTRAN

Le programme FORTRAN de gestion de 1 exper1ence se compose donc pr1n01pa--'.
lement d' 1nstructlons d'appel de Cces sous-programmes, separees par des ins<
tructions logiques permettant d effectuer le ch01x entre d1fferentes optlons )
prévues initialement, Il comporte egalement une partie de calcul qu1 permet

.

la réduction des données brutes .
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Eventﬁellement, le programme élabore {es nouvelles valeurs des réglages de
1'expérience, en fonction des résultat.s déja acquis, Au cas ou le programme
est trop encombrant, on peut le séparer en plusieurs trongons qui sont charg
et exécutés successivement par le moniteur d‘enchai‘nement‘ de travaux,
écrit par Mademoiselle BEAUVAL, du DCE/SACLAY ,

4
L'état actuel du systéme a été décrit récemment [l 7]

Cet appareil a déja été décrit ailleurs 18] [1 9

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 scintillateuf de verre au °Li étalonné par la méthode de
la particule associée, et en comparant le systéme avec une cuve de sulfate
de manganése ; le schéma de cette derniére expérience est représenté par la
figure 8 ,

Entre 2 et 4MeV, la forme de la courbe de réponse a été mesurée en utilisant
les propriétés de symétrie de la réaction (d,d). A 2,6MeV, la valeur absolue
de l'efficacité a été o.btenue grdce a un comptage dans un angle solide défin:
des protons de la réaction D(d,p)T et au rapport des sections efficaces des
réactions D(d,n)3He et D(d,p)T. Un bref compte-rendu de ces diverses expé:
riences a été publié [19] . |
Ces mesures ont été poursuivies dans le but d'améliorer la précision, Au sta

de actuel, la courbe de réponse est donnée par la table suivante, & 4% prés

Energie (MeV) 0.100 {0,250 0.500| 2.000 2.500 | 3.000 | 3.500 |4.000 | 4.300

Efficacité 0.139 {0,135} 0.134 | 0.133 | 0.126 |{0.123 | 0.113 {0.106 | 0.1

A partir des mesures d'efficacité du scintillateur de verre au 6Li, faites paf
la méthode de la particule associée, on peut trouver la section efficace de
cette réaction, a condition de connaftre le nombre d'atomes de lithium dans
le scintillateur et de faire la correction de diffusion multiple,

Cette derniére correction a été recalculée en tenant compte de la rétrodiffu-
sion par le verre du photomultiplicateur et de la dégradation d'énergie des
neutrons [20] . |

Pour vérifier ce calcul, on a mesuré le rapport des comptages de deux scin-

tillateurs de .formes différentes en fonction de 1'énergie entre 100 et 350keV ;
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aprés correction au moyen des facteurs calculés, on obtient une valeur cons-
tante & ¥2% prés. Ce rapport est égal & 1,4% prés a celui des épaisseurs_ des
scintillateurs. ‘

Le nombre d'atomes de OLi dans un scintillateur au lithium naturel (NE 901),
avait été déterminé par une mesure d'absorption totale de neutrons thermiques
[21] ; la valeur trouvée était en bon accord avec les indications données
par le constructeur,

Ce scintillateur était ensuite comparé au scintillateur NE 905, enrichi au
6Li, qui sert dans la mesure de particule associée, dans le but de détermi-
ner le nombre d'atomes de celui-ci, |

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 scintilla-
teur appauvri compte des neutrons par un autre processus qué la réaction
6Li(n,a)T. Cet effet est négligeable pour les scintillateurs enrichis, L'expé-
rience était faite au faisceau pulsé, de facon a éliminer les ‘7 émis par la
cible et les neutr.ons diffusés, Dans ces conditions, les valeurs de éectioh
efficace données en [21] 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 [2 O] , on trouve,
pour la section efficace de la réaction 6Li(n,oz)T, les valeurs données pa\r

la figure 9 , |

On: peut voir, pour les énergies supérieures a 250 keV que nos résultats se
rapprochent beaucoup plus de ceux de SCHWARTZ que de ceux de GABBARD

et BAME.

Cette mesure a été faite en 1967, mais n'avait pas été publiée, car la cali-
bration du détecteur de neutrons ne nous paraissait pas suffisamment assu-
rée, La figure 10 donne les résultats de cette mesure qui se rapproéhent
plus des résultats de WHITE que de ceux de ALLEN et FERGUSSON.

Mesure des Qi_st_ri_byt_ign_s_a_ngg@i_r_e_s»_ge_La_ciif_fgsggrl_él_algt_iq_u_e_syg OLi - [2 3]
Le dispositif de mesure a déja été décrit [24] . | | '
Les résultats sont donnés par la figure 11 , Ils sont en bon accord avec les

résultats obtenus & Geel par COPPOLA et XNITTER,
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GROUPE "EVALUATION" - (P. RIBON, J.P. L'HERITEAU)

A la demande des physiciens des réacteurs, des activités concernant 1'éva- |
luation des données neutroniques ont débuté au sein du SMNF a la fin de 196°
Duljént cette premiére année, un effort imbortant a été consacré a la mise au
point d‘e programmes concernant le traitement de 1l'information, principale-
ment des données neutroniques.provenant du CCDN ; cette tdche n'est pas
encore terminée, ' |

Les travaux d'évaluation propremeht dits ont concerné deux‘problémes :
Valeurs de & du_ 2> Pu au-dela de lkeV -

Cette étude comprend un examen critique des expériences et évaluations an-

' térieures, et deux essais d'évaluations :

a) dans le premier, nous avons-calculé a =0 >/<5-f > d'aprés les va-
}euré eXxpérimentales de L0 > et Lo~ ¢ > , en évaluant £<&7§ > et(s‘iﬁj

Ces valeurs étaient moyennées sur un intervalle de 1'ordre du keV, Cette mé-

thode est 'assez peu précise car, outre l'erreur provenant de 1'évaluation de

o4 > (le facteur correctif Fnn Peut étire faussé par d'éventuelles structu-

res irifermédiaires) , @ dépend beaucoup deLe™ ¢ > :une erreur de 10% sur .

‘celle-ci donne une erreur de 20% suf’a_. Or les valeurs de(rf >»sont-trés

dispersées : la zone hachurée de la figure 12 correspond & @ déduit-de deux
évaluations de £o~f S . Cette évaluation nous a néanmoins conduit & conclu-
re en la présence d'un maximum de a, trés large, aux alentours de 2keV. Les

résultats préliminaires de ORNL (EANDC (US) 109 A) portés sur la figure 1

- sont en bon accord avec cette évaluation et montrent, eux aussi, l'existence
~de ce pic trés large vers 2keV, Il faut remarquer, & ce propos, que la valeur

o =(07y - - g—d)/d—'f- sera trés sensible a des structures intermédiai-

res de fission, - A
b) le second essai fut effectué par J.Y, BARRE au CEN,Cadarache . les jeux
mlultigroupe'sservant aux calculs des réacteurs rapides sont ajustés d'aprés

quelques expérierice‘s critiques (méthode "BARRAKA"). Pour obtenir un bon ac-

cord, il est nécessaire de modifier considérablement certaines des valeurs

: — 23 " . N
- initiales : ce fut le cas de a pour 2 9Pu qui dut étre augmenté de prés de 50%

én—_desscéuSde 10keV (courbe en tirets de la figure 12) ,'

Cette "m,éthode permet encore moins que la précédente de prévoir les structu-

‘res fines, mais elle donne une indication intéressante sur la valeur moyenne

qui-est, en l'occurence, en bon accord avec les derniers résultats expérimer
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Quelégues études furent effectuées afin de c‘omparer les valeurs données par
différents auteurs. Elles montrent d'assez grandes discordances ; nous les
illustreront par les r'f et les sections efficaces de fission de 23,5U.

a) La figure 13 représehte la distribution des largeurs de fission pOur 4 jeux
de paramétres : Saclay (A. MICHAUDON et»ial. 1964), Karlsruhe (Evaluation.
de SCHMIDT, 1966), Westinghouse (D.W. DRAWBAUGH et A. GIBSON, 1966)
et Geel (ML, CAO et al, 1967). Les zones d"én,ergi.e‘s ne sont pas-les mémes
dans tous lgs cas,,.mais il s'agit.toujours d'une analyse a un seul niveau,

Les distributions sont incompatibles entre élles : les valeurs moyennes de

r'f déterminées d'aprés elles sont données ci-dessous.

Saclaly ' Dubna " Karlsruhe . Westinghouse Geel

45 meV 50meV 65meV 150meV 50meV

}

Lés résultats de Dubna (Van Shi Di et al, 1965) sont trés voisins de ceux de
Geel. .

Ces distributions peuvent étre décrites par‘des lois eﬁ XZ: a 2 ou 3 degrés-de
liberté. | ‘ .

b) La section efficace de fission moyenne peu.t étre évaluée d'aprés les va-
leﬁrs éxpérim'entéles ou d'apréé les paramétres de résonances ; les” deux ré-
sultats devraient évidemment étre en accord. Le tableau II représente les va-
leurs de l'intégfale de 6—¢ dans des zones d'énergies contigu&s-évaluées soit
d'aprés la somme directe des sections efficaces données par différents aﬁ— .
teurs (cblonné 2), soit d'aprés la somme des aires des résonances (colonnes
3a7). | | |

11 »appara.i‘t que(cro ‘ r‘f > est trés sous-évalué, sauf pour celui résultant
de 1l'analyse de DRAWBAUGHT et GIBSON; ceci est a rapprocher du féit que
ces auteurs donn'ént de trés gfandes valeurs de F'f, ' |

I1 faut bien noter que les expériméntateurs sont souvent conscients de l'exis-
‘tence de niveaux non analysés ; mais le désaccord attein.t' le féacteur 2 dans
des zones ol presque toutes les résonances sont résolues : seule l'existence
_de grandes valeurs de rlf semble pouvoir 1'expliquer. |

c) Afin d'essayer de résoudre ces problémes, nous entreprenons une étude

' cdmpléte des séctions efficaces de 235U d'toutes énergies (f:rl 6‘1"5Mev)ﬂ,
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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 utilisées a

peu prés toutes basées sur la théorie de la matrice R ; certaines impliquent

des inversions de matrices, une autre permet d'obtenir une bonne description
I

des courbes expérimentales mais sans pouvoir obtenir les parameétres de la
matrice R,
Nous essayons une méthode approchée permettant une trés bonne description
des sections efficaces. Il est bien connu que celles-ci peuvent s'exprimer
en fonction des éléments d'une matrice A sur l'espace des niveaux obtenue
par l'inversion d'une matrice A~l d'éléments :

Al = -0 Gy - daw E- )
avec : 6/\—}3)‘—12 179

Guw= 3, (5.7"% [5a]

1 peut se décomposer en une matrice diagonale, D~! facilement

La matrice A~
inversible, et d'une matrice complémentaire N~-1 dont les éléments diagonau:
sont nuls, Or, ces éléments non diagonaux ( ~ G a\' ) sont petits cevant les
éléments diagonaux (E - €)\) et 1'on peut écrire :

A=D+DN 1D+ DN~ !DN"1D + DN-1DN-1DN"1D + cees

Le premier ordre correspond a la formule de Breitt et Wigner a un niveau, Le

second terme peut s'écrire, a un coefficient prés :

1 - 0N 1 i ]
(E-EN(E-EX)  (ExEN(E-E) 7 (Ex-B)(E-EX)

avec >\ %* >\/, et peut donc se ramener & une somme de termes de Breitt et Wic

ner a un niveau, Les termes d'ordre 3 et 4 peuvent, de méme, sSe ramener a
des sommes de pdles simples et doubles ; finalement, au 4e ordre, la matri-
ce de collision U peut s'exprimer simplement comme une somme de la forme :

CPS) CPDx
nS
v (E-&) (E-tN)2

les coefficients CPS et CPD étant indépendants de 1'énergie E (dans la mesur
oll les paramétres servant au calcul de G ) a', en particulier I"n, sont indé-
pendants de E), '

La précision du calcul dépend_ évidemment des rapports r‘a/D. Elle peut étre
trés bonne méme si r(‘I/D ~s0,5 si 1'on inclut les pdles doubles (développe-
ment au 4e ordre), Pour illustrer cela, nous donnons un exemple : il corres-

pond aux premiéres résonances de 235U étudiées il y a quelques années, La
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comparaison a été faite par rapport aux rélsultats donnés par le programme
MUFLE . L'accord est trés bon pour la section efficace totale (Fig,14) :
alors que l'erreur ( t l) atteint 20-30% en précision 1 (formule de Breitt et
Wigner 3 1 niveau), elle n'atteint que 3% enprécision 2 ( €9) et 1 3 2%
en précision 4 ( € 4). Cette erreur serait encore plus faible si 1'on fcenait '
compte de l'effet Doppler qui tend & moyenner les sections efficaces,

La prise en compte de l'effet Doppler introduit des fonctions du type
+ oo ' :

r /. (E-E')2 r 1
. . _ P = —_ = —_ \{J
S A VT /E‘—E,\ exp X dE sz E-¢ g -1
- o0
et D= '———1-
R (E- &)2

Ces fonctions peuvent assez facilement étre 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 résul-

tats expérimentaux,

GROUPE DES REACTIONS PHOTONUCLEAIRES (R. BERGERE)

Ce groupe a continué d'utiliser en 1968 le systéme de production de "gam-
mas monochromatiques" par annihilation en vol des positons produits a la
sortie de l'accélérateur linéaire de 45MeV et sélectionnés ensuite en énergie
(entre 5 et 35 MeV) par une optique magnétique & 3 aimants. L'adjonction d'une
quatriéme section a l'accélérateur linéaire en 1969 doit permettre de doubler
le flux de positons de.20 MeV et d'étendre de 35 a 55 MeV environ la plage

de production des "gammas mbnochro.matiques" . L'installation d'une deuxié-
" me optique magnétique, symétriqué de la premiére, permettra de mbnter_ si-
rﬁultanément deux expériences photonucléaires, La premiére optique continue-
ra a étre spécialisée dans 1'étude des réactions (y,xn) a 1'aide du scintilla- .
teur liquide de 500 litres, chargé a 0,5% de gadolinium; et d'efficacité égale a
60% environ pour la détection des photoneutrons [25]

Avec l'installation existante, les résultats obtenus concernaieﬁt les réactions
suivantes :

1/ - (y,n) (7,2n) (v,3n)(y,4n) sur 181Ta avec évaluation & 22%2% des neutrons
d'effet direct produit par réacticsns (y,n) en compétition avec la réaction
(y,2n). On a également pu montrer par disparition du processus (y,2n) devant

(y,3n), puis du processus {(y,3n) devant (y,4n) dés que cela était énergétique~

ment possible, que les photoneutrons de multiplicité > 2 étaient des neutrons
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d'évapbfation, [26] (Fig.15).. _

2/ - n)(y,2n)(y,3n) sur l'65Ho-, 159Tb et 139La [27] avec mise en évi-
dence d'une contribution pour Ho et Tb noh représentée par les raies de Lo-
rentz -décrivant lfabsorption dipolaire dans la résonance géante (Fig; 16).

- Cette contribution pourrait &tre l'absorption quadrupolaire E; prévue dans le
modéie collectif hydrodynamique par Legensa et Greener (Nucl, Phys A 92
(1967)673) Le dédoublemént observé de la résonance Qéarite potir Ho, Tb et
Ta a .permis de retrouver le momeht quadrupolaire de ces noyaux déforrhés .
Les réactions (y,n)(y,2n)(y,3n) ont également été étudiées sur les noyaux

| suivants : iode, cér.ium, samarium, érbium et lutéc’iu‘m. Les résultats corres-
pondants sont en cours de publication, Ce méme, les résultats expérimen-
taux concernant les réactions (y,n)..a(y,4n) dans le 208Pb viennent d'étre
acquis, ' |

‘Enfin, sur le noyau 39Y89 on essaye a\ctuellement d'étudier simﬁltanément :

1 -'la résonance géante g(y,n) + & (y,2n) + ¢ (y,3n)
2--le rappdrt de branchement vers le niveau isomérique a 394 keV (T =0,332ms)
" dans 39Y8.8 c“lc‘)nsécutif & une réaction (y,n). L'application du formalisme de

Huizenga et Vandenbosch (Phys. Rev, 120 (1960) 1305) a nos résultats expé—

rimentaux devra\lic permettre d accéder au moment d' mertle du noyau 39Y88\. |

3 - Le dédoublement isobarique (absorptlon d'un photon dansA la résonance

dipolair'e Qéante avec »oT= b;du AT =1) prévue“par S.' Falieross‘ et al.

(Phys. Letters 19 (1965) 398).
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Fonction censité §, pour les isctopes au tellure

A Limite - (keV) r::orfa;l y So X 10°
122 10.8 42 0.80%0.18
123 0.66 26 0.98 ¥ 0.27
124 28 84 0.68 0.10
125 7.8 114 0.50%0.07
126 17.7 65 0.26 ¥ 0.05
128 21.8 38 0.27 +0.06
130 30.1 22 0.14 *0.04
TABLEAU II
Section efficace de fission du 235U .
2 one i E:?.aluafion : E'valuauon d'apres
; g, pres E Z 5_5 3
d'énergie : Z 55 i "= i - ————————
| \L ELO-F i-S-a_clay:! Dub-n—a-*Karls ruhelrW estmghouiqfff_lq
5 - 7,41 61,5:31380] 42,40 50,3 | 57,5 |
7,42 10 1 212 151197 | 202 205 | 234 ' 206
10 - 15 | 213 +loilo4 | 173 ! 159 1 219 1116
15 - 20,5 | 292 $20 240 | 269 ; 259 1 311 §774
20,5- 37 g 423 :20%196 g 328 | 343 g 477 | 226
37 - 4l E 480 :25;337 E 396 i 284 E 466 5405
4l - 60 i 860 =50 ! i i 786 i 958 i323
60 - 73 ; 290 :ZOE i E 256 i E 86
73 -100 i 640 +40 E E E 538 E KIBO)
100 -113 ? 215 :zsg 5 i 169 5 (115)
i i L 1 i 1
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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)

[ Ll Ay e g~ Ry _——— e S e PSR etk e e S e

‘Un équipement destiné a réduire la largeur de la bouffée par hachage aprés

accélération est en cours de réalisation,
La largeur & mi-hauteur de la bouffée de protons doit étre ramenée de 4 nano-
secondes environ & 1 nanoseconde au prix d'une diminution de l'intensité. La

mise en service est prévue pour le printemps 1969.

Le nouveau “Stripper" sera mis en place en mars 1965. Au cours d'essais prél'i_—
minaires, le courant d'ions s'est trouvé aﬁgment_é- dans un rapport 1,5 a 2.

Le montage réservera la pbssibilité de fonctio_nfiement avec la fuite d'oxygé-~
ne, sans ouverture de l'accélérateur, |

(A. ADAM, J.C. BROGNON, J. CABE, M. CANCE) -

L'étude des diffusions élastique et inélastique des neutrons sur les noyaux

ainsi que '1'étude des réactions (p,n) et (d,n) 3 Q positif ou faiblement néga-
tif, nous ont conduits & mettre au point un systéme dé hachacje du faisceau
permettant de délivrer a une fréquence de 10MHz des bouffées d'une largeur
de 1 & 3ns suivant la tension appliquée sur les plaques de défléction. Ce-
systéme permet de défléchir des protons, deutérons et Hélium 3 et d'étudier
toutes les réactions’(x,n) par mesure du temps de vol,

Acquisition et traitement des données - (P. FERNIER, J. LABBE, JP. LAGET,
G. MARIN) -

Au cours de l'année 1968, le systéme de traitement CAE 510 a été exploité
d'une maniére intensive tant pour exécutér des calculs relatifs_ aux expérien-
ces que pour réaliser des acquisitions de données en ligne et leur éxploitation.
Réseau d'ordinateurs CII 10,020 et 10,070 - | -

L'insta'llation existante étaht surcha(gée, on a décidé son remplécemept‘ par

un systéme de traitement d'information en ligne comprenant plusieurs ordina-

teurs hiérarchisés, Cette solution sépare les deux fonctions acquisition et

‘exploitation ; elle a été dictée par la multiplicité des demandes (4 accéléra-
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teurs) et la distribution des centres de mesure entre deux bdtiments assez

‘éloignés 1'un de l'autre, L'acquisition est confiée a deux. ordinateurs CII

10,020 ayaht une configuration simplifiée et situés dans chdcun de ces ba-
timents, Ces ordinateurs primaires seront reliés a un secondaire CII 10.020

également, centralisant les calculs et capable d'assurer une partie de 1'ex-

~ ploitation, Enfin, une liaison entre l'ordinateuf”d'exploitatiori (secondaire)

. et un ordinateur plus puissant (tertiaire) CII 10,070, nous permettra de mettr

au point et de faire exécuter a distance des calculs plus importants,

. L'installation de 1'ensemble de ce systéme de traitement devrait étre termi-

née au début de 1'année 1970,

Il a ete nécessaire, pour répondre aux besoms des physiciens de mettre.au
point une serie de programmes de calcul dans les chapitres suivants :

a) 51mu1atlon '

- correctlon de dlffusmn multlple et d' attenuatlon dans un diffuseur,

- réponse d'un scintillateur organique aux neutrons entre 2MeV et l4MeV._
b) analyse automatique de spectres pour le calcul de sections efficaces,

c).ajustement paramétrique (linéaire et non linéaire) de fonctions théoriques

‘sur des données expérimentales nécessitant entre autre la mise en ceuvre de

la methode de DAV.[DON

‘ ETUDE DE LA REACTION p+ B —> 3a PAR 1A METHODE DES COINCIDENCES

(M. CADEAU, [,P, TAUGIER, G. MOUILHAYRAT, F., PERRAULT, F, SAVIQZ) .
Notre étude a porté sur le mécanisme de production du systéme 3a dans la’
réaction : p + 11B-—) 12C —> a + 88e et 88e-—$a + a

Nous avons pu mettre en évidence trois effets de natures différentes :

- l'effet dés niveaux du noyau intermédiaire 8Be = réaction séquentielle,

- l'eff'et des niveaux du noyau composé 120 = effet de spin,

- un effet d' interférences.

Nous avons developpe un formalisme qu1 nous a permis de rendre compte

quantitativement de tous les Spectres observés expérimentalement,

- .Effet des niveaux du noyau intermédiaire -Be : pour des énergies incidentes

protons inférieures a 8MeV, nous avons montré que la réaction étudiée est
essentiellement séquentielle avec passage par le niveau fondamental et le

premier niveau excité du noyau intermédiaire de 8Be.
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12 g . L
Effet des niveaux de C :nous avons mis en évidence l'existence d'un effet

de spin (spin et parité) dans une région trés étroite du plan des énergies
(E}, Ep) (E) ef Eo énergies des barticules détectées dans le systéme du cen-
tre de masse). Cet effet de spin se traduit par une absence d'é\}énements
dans la zone du plan des énergies correspondant & deux particules émises a
180° 1'une de l'autre dans le. systéme du céntre de masse ; dans ce cas, la
particule non détectée a une énergie nulle, La conservation du moment an-
gulaire ne permet d'observer dans cette région que des particules a prove-
nant de la désintégration d'un niveau de 120 de spin pair et de parité posi-
tive, | | '

Nous avons observé cet effet pour des résonances a l,4MeV [l] et 7,18MéV
d'énergie incidente des protons [2] ; ces deux énergies correspondent a.
des résonances, dans le ""C, d'énergie d'excitation de 17,23MeV et 22,54MeV
Ces deux résonances ont un spin 17, Par contre, nous n'a'vons pas observé |
)

ce qui nous permet de dire que cette résonance a un spin pair et une parité "

un tel effet pour une énergie de protons de 4,9MeV (20,44 MeV dans le

positive, [3] ;

Effet d'interférences : pour deux énergies incidentes de protons de 1,4MeV

et 4,9MeV correspondant a des énergies d'excitation dans le 120 de 17,23MeV
(niveau 1_) et de 20,44Mev (spin et parité inconnus) nous a‘.vons mis en évi-
dence des phénoménes d'interférences, Ces phénoménes d'interférences ap-
péraissent lorsqu'on se trouve dans une région ' du plan des.énergies Ej, Eg

ou les deux contributions du premie'r état‘ excité du 8Be se croisent (cas de

- 1,4MeV) ou sont assez rapprochés (cas 'de.4,9MeV) .

Ces interférences sont maximales quand les deux contribution's sont exacte-
ment superposées, elles diminuent et s'annulent pratiquemen£ guand les deux
centres des contributions sont séparés dé /2 (7 largeur du premier ni-
veau excité de 8Be) . Ces i‘nterférences se traduisent par une variation appa-
rente de la largeur du premier niveau excité de BBe, Nous n'avons pas observé
de variations sur.l'énergie d'excitation de ce hiveau. }

'Nous avons pu donner .une expression théorique du spectre, rendant compte
d'uné facon satisfaisante des variations observées . Poﬁr cela nous avons

considéré le déphasage entre les ondes associées aux particules détectées;
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qui produit les interférences, comme un parametre arbitraire,

Dans les régions ol ils se produisent, ces effets d'interférences sont dus a
l'indétermination sur l'ordre d'émiséion des particules détectées et a 1'in-
discernabilité de ces mémes particules (trois particules a) .

Du point de vue expérimental, les méthodes d'enregistrement utilisées pré- -
sentent les caractéristiques suivantes : [4]

- utilisation de cibles de bore autoporté,

- refroidissement des détecteurs semi-conducteurs employés,

- enregistrement de 3 par.amétre's pour définir chaque événement : les éner-

gies des deux particules‘ détectées et le temps qui sépare les instants de

‘détection de ces deux particules,

- utilisation d'un calculateur en ligne.
ETUDE DES INTERACTIONS DEUTERQN - .LITl—_]IUM - (G. BRUNO, J. DECHARGE
L. FAUGERE, M. LEBARS, G, SURGET) |

Réaction 6Li (d,a)4He -

Nous avons repris la mesure de la section efficace en valeur absolue pour la.
réaction 6Li (d,a)a, entre 2 et 12MeV a l'aide du Van de Graaff Tahdem. Les
résultats étaient bien connus entre 2MeV et 5MeV, mais plus fragmentaires
au-dela de cette énergie. Les distributions angulaires ont été mesurées de
30° a 170°, avec un pas de 10°. Pour cela, nous détectons les produits de
la réaction simultanément sur 8 diodes semiconductrices, espacées de 20°.
Une deuxiéme mesure réalisée aprés avbir décalé l'ensemble des détecteurs

de 10° nous permet d'obtenir rapidement 15 points de distribution angulaire,

- Les mesures ont été faites avec un pas d'énergie de 0,25MeV, Les résultats

obtenus sont en accord avec les mesures antérieures dans la gamme 2MeV -
SMevV.

Mesures a basse énergie a 1'aide de l'accélérateur Van de Graaff 400keV -

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-
pdts de traces d'hydrocarbures et le probléme de 1'épaisseur des cibles pour
des deutérons incidénts d'énergie faible. Le premier point a été résolu par
1'utilisation de pompes turbomoléculaires et un piégeage efficace des vapeurs

lourdes a proximité immédiate des cibles. Pour le deuxiéme point, nous avons



évalué les taux de réaction en cible trés mince grdce & une méthode décrite
par FIEDLER et KUNZE (Nuclear Physics A 96 (1967) 513-520). Nos mesures
ont été faites a un angle de 135°, Pour avoir la sectioﬁ efficace intégrée,
nous avons suppbsé/que les distributions angulaires étaient isotropes. Nos
résultats sont compatibles avec ceux de PHILIPPS et SAMYER (LA 1578), et
montrent que la loi de GAMOW est applicable & ces réactions dans le domai-
ne d'énergie étudié, -

Nous avons entrepris de mesurer la section efficace de la réaction 6Li(d,n‘)7Be
entre 80keV et 300keV, en'comptant le nombre de noyaux 7Be formés, Le 7Be
décroft vers le 7Li avec une période de 54 jours, en passant dans 12% des
cas par 7Li¥ 0,478 . La détection du vy de désexcitation de 7Lik par un détec-
teur au Ge(Li) nous permettra de remonter au nombre de novyaux 7Be formés.,
La section efficace en valeur absolue sera déterminée par comparaison avec

7 i:&(0,478)

la section efficace de la réaction : 6Li(d,pl) L . Les résultats sont

encore fragmentaires, la méthode nécessitant un temps trés long d'irradiation
et de comptage aprés irradiation,

Réaction & trois corps - 7Li(d,a1)5He . 5He —> a9 +n,

Nous avons continué notre étude de cette réaction séquentielle en mesurant
des distributions angulaires de la premiére étape de la réaction, entre 0,6MeV
et 2MeV, Les résultats sont en cours d'exploitation a l'aide du formalisme

de la matrice R, Nous pensons qu"ils nbus permettront de préciser les spins,
et parités des niveaux a 17,28 et 17 ,48MeV d'excitation du noyau intermé- |
diaire 9Be.

D'autre bpart, les spectres biparamétriques en coincidence (a7, az) ont été
complétés, et des calculs sont en cours, qui doivent nous permettre de re-
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 1'ordre de quelques
millibarns par stéradian, nous avons été amenés a mettre au point un spec-
trométre ayant a la fois un trés faible bruit et un faible seuil,

La figure 1 correspond au schéma de principe du spectrométre a temps de vol,
Les neutrons de 14MeV utilisés sont prdduits par la.réaction T(d,n)4He : les

deutérons de 150keV étant fournis par un accélérateur Samés 600keV, L'ins-
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tant d'émission du neutron est déterminé par la méthode de lé particule as-
sociée, ,

Le diffuseur, placé dans le cdOne d'émission des neutrons est situé au cen-
tre'd'un goniométre qui permet de faire des distributions angﬁlaires; La base
de vol maximale de l'ensemble est de 2,40m.

Les neutrons sont détectés par un scintill.a'vteur organique,

Les caractéristiques principales recherché‘es pour ce spectromeétre nous ont
obligés a résoudre les problémes suivants :

- profection du scihtillateur,

- association 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 faibie et stable, |

Une chafne d'analyse multiparémétrique permet de corréler le temps de vol
avec l'un des pafamétres suivants :

- signal de discrimination neutron-gamma, _ _

- énergie du proton de recul dans le scintillateur qui sert de détecteur,

- énergie du proton de recul dans le diffuseur si celui-ci est un scintillateur
(ceci nous permet d'isoler la diffusion sur l'hydrogéne, élément de référence,
et de mesurer l'efficacité et la courbe de réponse des détecteurs employés) .
La résolution en temps obtenue a 14MeV avec un scintillateur de deux pouces
est de 1,2ns,

Nous avons utilisé ce spectrométré Alpour'l'étude des réactions n+D et n+6Li..
Pour la premiére de ces réactions, l'échantillon d'eau l-ourde servant d'abord
comme diffuseur, a été remplaéé par un scintillateur deutéré, ce qui a permis
d'enregistrer les coincidences ne-utr‘on—proton.

L'exploitation des résultats de lé réaction D(n,2n)p est en cours;

Nous avons abordé deux types d'interprétation du probléme a trois nucléons :
- 1'un & partir des équations FADDEEV,

- l'autre a partir. du formalisme phénoménologique mis au point pour les réac-
tions cori_duiSant a trois -particules chargées dans la voie de sortie (Rapport

CEA R.3670).



SECTIONS EFFICACES TOTALES NEUTRONIQUES - :
(A. ADAM, ]. CABE, M, CANCE, M. LABAT, M. LAURAT, M. LONGUELVE),

Mesure de la section efficace totale neutronique du silicium entre 1,150MeV .
et SMeV - '

~

Ces mesures font suite & celles déja effectuées sur le silicium entre 400keV
et 1200keV qui nous avaient permis de mettre en évidence trois résonances
pour lesquelles on avait pu déterminer ies'largeurs F et le moment"angulra.ire
total J ' [5] | [ ] Ces derniers résultats ont été obtenus & l'aide d'un accé-
lérateur Tandem 12MeV a source pulsée. Les neutrons produits par la réactlon
T(p,n)3He avaient une dispersion en énergie de 1'ordre de Skev, Un dispositif
de sélection par temps de vol réduisait le niveau‘ du bruit de fond,

Les résultats obtenus (Fig.2) montrent l'existence de résonances is_elées.
L'exploitation des résultats est eh cours pour déterminer les paramétres de
ces différentes résonances é.l'aide d'une. formule de BRELT et WIGNER a plg’—
sieurs niveaux, l ' |

Recherche d'une structure intermédiaire dans la section totale neutroniqgue du
. ] [ .

soufre entre 1,150MeV et 4,75MeV -

Ces mesures de sections efficaces totales neutrenique,s‘ concernent la recher-
che d'une structure intermédiaire dans le corp:s“de A moyen [7] . Nous-avons
utilisé un Van de Graaff Tandem 12MeV a source pulsée et la réaction T(p,n)‘3He
comme source de neutrons dont la dispervsi’on en énergie était de 1'ordre ae SkeV.
Les résultats obtenus montrent 1'existence d'un grand nombfe de fines résonan-
ces trés rapprochées (Fig.3). Celle qui est située a 1,760MeV bien séparée
correspond a un niveau auquel nou-s avons 'attribué le, spin‘l5/2 . L'eXploit}atiori -
des résultats est en cours pour déterminer les paramétres de ces différentes -
résonances, | ’

Les moyennes effectuées sur des 1ntervalles d'énergie A E comprls entre 20
‘\et SOOkeV font apparaltre un max1mum a une énergie d'environ 2 850MeV qui
se conserve en position et amplltude pour des moyennes comprlses entre 300
et 500keV, La largeur a mi-hauteur de ce max1mum est de l'ordre de 300keV

pour une amplitude de 1 barn (Fig.4). S
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" Mesure de la section efficace totale neutronique du titane entre 1,150MeV

et 4MeV -

Ces mesures fonf suite & celles déja effectuées sur le titane entre 150keV
et 1200keV [6] . Ces derniers résultats entre 1,150MeV et 4MeV environ
ont été obtenus a l'aide d'un accélérateur Tandem 12MeV a source puls'ée.I
Les neutrons produits par la réaction T(p,n_)sHe avaient une dispersion en
énergie de l'ordre de SkeV, La méthode du temps de vol a été utilisée pour
sélectionner les neutrons et éliminer le bruit de fond. Les résultats corrig.és
des diffusions aux petits angles sont doﬁnés avec une précision de 1'ordre
de 4% sur la figure 5. L'échantillon utilisé était du titane naturei contenant

8% de 071 7% de 7Ti ; 74% de *8

Ti ; 6% de 49Ti et 5% de 50Ti de 3cm de
diameétre et 4cm de long. La courbe de la figure' 1 présente de nombreux pics
qui sont des résonances partiellement résolues correspondant a des niveaux
se,lrecduvfant plus ou moins. Uné éxploitation de ces résultats par la théo-
rie du modeéle statistique est actuellement en cours., .

DIFFUSION ELASTIQUE DES NEUTRONS DE 400keV A 1200keV SUR LE TITANE

"NATUREL - (A. ADAM, ], CABE, M. CANCE, M. LAURAT, M. LONGUEVE).

Ce travail fait suite & des mesures de sections efficaces totales sur le titane
entre 150keV et 1200keV (fig.6) [:6] et s'inscrit dans le cadre de la re- -
cherche d'une structure intermédiaire dans cette gamme d'énergie : [7] [5] .
Nous avons mesuré deux courbes d'excitation a 54° et 90° annulant respec-
tivement Py et les termes'impai‘rs des polyndmes de Legendre ainsi que trois
distributions angulaires aux 'énergies respectives de 605keV, 705keV et
815keV, Ces énergies correspondent aux minimum et maximum d'une résonan-
ce dé largeur 100keV environ, La figure 7 présente les trois distributions
angﬁlaires a.p‘r.és correction faite par une méthode de Monte Carlo des diffu-
siori,s multiples et d_e 1'absorption dans 1'échantillon de 3cm de diamétre et

5cm de ‘haut, Ces mesures ont été réalisées en utilisant des cibles épaisses

. de fagon a recouvrir plusieurs résonances. La figure 8 compare les résultats

expérimentaux a un développement en série de polyndbmes de Legendre, Nous
poursuivons ce travail par une nouvelle série de mesures de distributi'ons an-
gulaires a 900keV, 1MeV et 1,100MeV 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%.



- 173 -

FISSION - (J. FREHAUT, J. GAURIAU, G. MOSINSKI, M. SOLEILHAC).
Durant l'année 1968, nous avons perfectiémné 1'électronique associée a la
mesure de 'V . Le stockage de l'information sez fait maintenant sur bande V
magnétique incrémentale, Cette technique permét d'améliorer la précision
des mesures et doit nous permettre également de réaliser simultanément des

mesures de V p et de s ¢ relatives sur les matériaux fissiles étudiés.

Avec ce dispositif, nous avons amélioré l:evs mesures de T) entre 1,5 et
235 238 239

15MeV sur U, Ue Pu publiées dans E.A.N.D. C (E) 89 U.
Au cours de l année 1969, nous env1sageons de mesurer les sections efflca—
ces de fission de 238U et 239Pu relatives & celle de 235U

L'utilisation de la réaction (p, 7Li) doit nous permettre d'étendre notre domai- .
ne d'énergie de neutrons jusqu'a environ 500keV,

Des mesures sont en cours afin d'effeétugr des rhesu‘res (n,2n) et (n,3ﬁ) sur
matériau fissile en utilisant la tebchnique du gros scintillateur liquide, _
En collaboration avec 1'équipe de M. NIFENECKER | (SMNF) de Saclay, nous- -
avons réalisé pour la fission spontanée du zssz la mesure du n:ombre ‘moyeﬁ
de neutrons de fission émis par l‘u'n des_déux fragmentls 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 électromagnétiqﬁe des niveaux peuplés par diffusion inélas—.'. '
tique des neutrons ou des-proto_ns sur divers hoyaux est étudiée expélrimenta—,
lement. Les photons sont détectés au moyen d'un s‘pe'ctrométre gamma multi- »
mode [8] qui peut, ‘gréce a un traitement approprié des informations, fonc-
tionner simultanément : |

- en spectromeétre photoélectriqué et anti-Compton dans la gamme. 0,3 - 8MeV,
_ - en.Spe.ctrobmétre de paires au‘—dessﬁs de 1,022MeV,

- en spectromeétre & absorption totale dans la gamme 60-300keV,

La résolution en énergie est de 1'ordre de S,Ské\/ pour 'dés phot_bns de lMéV

et le rapport d'atténuation Compton est de 8 & la méme éﬁergie du rayonnement .'
L'optimisation de la résolution en temps des détecteurs Ge(Li) coaxiaux et de
g'roé volume [8] a permis la dlscrlmmatlon par chronometrle des neutrons d1f-
fusés et des gammas de désexcitation, La resolutlon en temps est de 1'ordre

de 5ns pour.des photons d' energle superleure a 800keV

Diverses expériences ont été réalisées pour une énergie de neutrons de
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- 1 1 |
8,72%0,6MeV sur les corps suivants : 7Li, 0B, 2C, Sb naturel, W naturel,

| 197Au, 20981, 2-38U . Elles complétent des mesures déja faites avec des neu-
trons incidents de 2,5 et 14MeV . [9] . _
Dans le cas des iso'topes pairs-pairs du“tung‘sténe (182W, 184W, 186W‘)A il
apparaift expérimentalement que les premiers .rf'ivea’u'x d'excitation de la bande
rotationnelle fondamentale K=20etle prem'ier niveau de la bandé v vibration-
nelle K = 2 sont particuliérement favorisés, ’ |

Dans le but d'étendre cette _étude au cas des noyaux fissiles, la corrélation
des'ne‘utrolns avec les rayonnements gamr;la émis a été enregistrée, Il est ain-
si possible de distinguer les photons émis aprés diffusion inélastique des pho
tons de fission, Les résultats d'une‘premiére étude entreprise sur ‘238U sem-
';blent confirm‘ér les obsefvatioh_s faites. sur des isotopes pairs-pairs du tungs-
téne. | - ' - o o0
Enfin, la-comparaison des. spectres ga_mmé produits par réactions (n,n'y) et
(p,p'y) sur 197Au a été faite pour tenter de mettre en évidence les divers mé-
caniSmés de réactions.mis en jeu, Li'expvloitation de ces expériénces est é{l
cours, |
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SECTION MESURES NUCLEAIRES - CENTRE D'ETUDES DE LIMEIL - C,E,A, FRAN(
A. PERRIN. | ‘

' SPECTROMETRE GAMMA UTILISANT UN DETECTEUR Ge(Li) ET FONCTIONNANT

SIMULTANEMENT EN SPECTROMETRE DE PAIRES ET EN ANTI-COMPTON [l]

Ce spectrométre est conéu plus spécialement pour l'analyse des spectres de ..
renvoi des gammas produits par des neutfons moﬁoc_inétiques . | _ .
En spectrométrie anti-Compton avec une source de 6000 la réduction du fond -
Compton est de 75 a '80%, sans atténuation du pic photoélectrique.

En spectrométre de paires, avec une source de RaD Be (E,y =4 ,43Mev) , la
réduction du fond Compton sous le pic de double échappement est supérieure
a 10, avec une efficacité du mode de fonctionnement variant de 30% a 50%

suivant la largeur de fenétre choisie sur la voie somme du scintillateur NaI(Tl)

'(Fené'tre entre 900keV et 1,1MeV = 30% - Fenétre entre 350keV et 1,1MeV=50%)

ETUDE’DES REACTIONS PRODUITES PAR IONS TRITIUM SUR LES NOYAUX LEGERS.
Nous avons modifié les installations d'un accélérateur d'ions "Philips" 1MeV
afin d'accélérer des ions tritium, La gamrrie d'énergie couverte est 300keV-1MeV

avec un courant de tritons de 60nanoampéres sur la cible,

‘Nous allons entreprendre la série de mesures suivantes :

LiG(tp)Li8, L16

BlO

(td)Li”, 1i®(te)He®
(tp)Blz, 808!, B;O

'Beg (td) Bel 0 , Be9 (ta) L18

(ta) Be9

mesure des distri.butions angulaires, courbes d"excitation, sections efficaces
en valeur absolue. _

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 [2]

Nous avons mesuré les spectrés de rénvoi des gammas produits par des neu-
trons de 5MeV, 6,6MeV et 8,7MeV sur les corps suiv.ants :carbone, aluminium,
fer et bismuth. |

La détection e'st faite a 90° parv rapport a la direction des neutrons incidents,

au moyen d'un détecteur NaI(Tl) 4" x 4",

'Ncous donnons les valeurs en mb/sr des sections efficaces différentielles a

90° des raies gammaé les plus importantes, (tableau I)
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‘Nous comparons nos rééultats avec les valeurs données par d'autres auteurs .
SPECTRES DE RENVOI DES GAMMAS PRODUITS PAR DES NEUTRONSi 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 14,1MeV sur les corps suivants : carbone, azote, oxygéne, aluminium,
fer et plomb, -
La détection est faite a 90° par rapport a la direcfioﬁ des neutrons incidents,
au movyen d'un détecteur Ge(Li). _
Nous donnons les valeurs en mb/sr des sections efficaces différentielles a
90° des raies gammas les plus importahtes,-(tableau II)
Nous comparons nos résultats avec les valeurs données par divers auteurs,
BIBLIOGRAPHIE | |

1 G . GRENIER, C. POUSSIER - Rapport CEA R. 3562,

2 A. BERTIN, F. BERTRAND, G. CLAYEUX - Rapport CEA, & paraftre,

3 G. CLAYEUX, G. GRENIER - Rapport _CEA, a parafitre,



TABLEAU 1

’F ( E Y : d & Jd b en mb/s r 90"
Corps Réaction probable Transition - —— e
(McV,) : En = 5MeV En:(),éMeV E =8, 7MeV
—— —— ———— —_—— ——— —— . ___..]1 — —_—
I 12 %
Carbone 4,43 ZC (n,n') C 4,43 —9 0 17,5_4: 4,5 15,8+ 4,1
27, %
Aluminium 0,842 27Al(n,n') Al 0,84 _9» 0 7,1+ 1,6 6,2+ 1,4 4,2+ 0,9
1,013 | 27a1(n,nn)% A1® 1,013 0 - 16,3+ 3,6 17,5+ 3,8 | 13,6+ 3,0
1,72 27 Al (n, n")2 T % 2,731—» 1,013 10,5+ 2,3 | 13,2+ 2,9 8,9+ 2,0
2,21 27A1(n,n')27A1* 2,219 0 19,7+ 5,1 18,1+ 4,7 17,7+ 4,6
27, %
2,976 27Al(n,n') Al 2,976—90 '1 -
27 27 % 13,3+ 3,5 11,9+3,1 | 10,4+ 2,7
3,00 Al(n, n")" ‘Al 3,0 0
. 56 56 _. % .
Fer 0, 850 Fe(n,n')” Fe 0,847 — 0. 75,1416 123,9+27,2 | 56,6+12,4
ke 91,57% 1,03 56 ke(n, ')’ OFe* 3,12 g 2,085 1,0+ 0,2 1,7+ 0,4 | 3,4+ 0,7
1,24 50k e(n, n')’ OF X 2,085_g0,847 19,8+ 4,4 39,8+ 8,7 | 36,3+ 8
1,81 | °®Fe(n,n)’0Fe* 2,658 0,847 20 + 4,4 | 30,8+ 6,8 | 10,3+ 2,2
2,09 2,939__’0,8471
56Fe(n,n')56Fe* 10,4+ 2,7 9,7+ 2,5 6,1+ 1,6
et 2,11 2,957,_..0,847J
56 56_. %
2,6 Fe(n,n')’ Fe 3,45__4 0,847 14,24 3,7 13,2+ 3,4 | 9,7+ 2,5
20
Bismuth 0,9 299Bi(n, n")*?Bi* 0,894 _g0 30,6+ 6,7 | 19,6+ 4,3 | 12,3+ 2,7
1,605 | 2%%Bi(n,n)2%%8i* 1, 6050 90,1+19,8 86,3118,9 | 60,3113,2 |

- 281"
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11

SECTIONS EFFICACES DIFFERENTIELLES

14,1 MeV, Détecteur : Ge (Li)

Energy

2 (1967) 487

A N L

E =
- Fn
' - ENGESSER et 3)|
_Corps. (ri:‘ prohanie | Transition dbf e o THgMPSON” EM?E:‘?ABP;\:!V (};:O]:DBllrsRﬁe\).'
eV) probable . L . mb/sr & 9 En= 14,7 MeV n ! n
Carbone | 4,43 | ¢ 3(mn)ci?® 14,43 — o0 9,6+1,6 | 13,181,3 12,8
14 14*
Azote 1,63 | N (n,aNT 3,945 = 2,312 | 1,2+0,2 2,2+0,7 1,6
2,31 | o, 2,31 -> 0 2,540,5 4,7+40,9 3,3
3, 68 NH(n,d)CU’ 3,68 — 0 1,140,3 2,7+ 0,9 1,8
3,85 NM( ,d')C‘l3* 3,85 — 0 1,540, 3 1,8
4,26 | N (n,o)B“* 4,46 —> 0 6,242,2 5,0+ 1 3,0
5,10 N 4(n,n')Nl4* 5,10 —= 0 3,540, 7 4,3+1,4 2,2
5,83 N“(n,n').\:“* 5,83 —= 0 0,740,2 1,2
6,81 | N'*no)B'! 6,81 -= 0 1,740,4 2,2
_ . 16, 16" : T
Oxygine | 2,74 | O “(n,n)0 ", 8,87 —= 6,13 2,240, 5 3,8 40,4 2,4
3,09 O 6(n,o~')Cl3* 3,09 —= 0 1,540,4 1,6+0,3 1,7
3, 68 olb(n,u-)c”»* 3,68 =0 3,040, 6 5,5+ 1,1 4,3
3,85 0'8n,x)ct3 L | 385 0 2,440,5 | 2,6+0,5 2,8
4,43 Olb(n,n'o()Clz 4,43 — 0 1,9+0,4 1,5+0,5 1.6
6,13 Olb(n,n')Olbx 6,13 — 0 11,2¢2,0 | 12,2+1,2 7
6,92 o”’(n n')o”’ 6,92 —= 0 ©2,4+0,5 3,8+0,9 2,
7,12 016( no'é* 7.12 —=0 3,740,7 5 41 1,8
oo 27 27* ‘
Aluminium [ 0,840| Al” '(n,n")A1°'  l0,84 —=0 2,8+0,2 7,0 + 1,4 3,8+ 1,5
1,01 A127(n,n')A127* 1,00 — 0 3,240,3 | 10,5+ 1,1 9,0+ 4
1,81 A127(n,d)Mg“.’* 1,81 — 0 10,140,8 | 13,7+2,7 20 + 9
2,21 Alz:(n‘,n-)mz: 2,21 — 0 8,3+1,5 10,8+1,1 12 ¢+ 4
3,0 | Al”'(n,n")Al 3,0 —0 7,8+1,4 7.9+ 1,6
. 56 56*
Fer 0,85 | Fe “(n,n')Fe> 0,847 —= 0 37,642,2 | 56,7+5,8 49 +13
0,93 Fe56(n,2n)Fe55* 0,93 —= 0 4,340,3 | 11,7+3,9 )
1,24 Fe56(n,n'er56* 2,085 —= 0,847 | 22,0+1,4 | 23,9+2,3 28 + 7
1,30 Fe56(n,2n)Fe55* 1,32 =0 8,440, 6 7,442,5 )
1,41 Fe56(n,2n)Fe55* 1,41 —=0 2,040,2
1,81 Fe56(ri,nA‘)Fe56* 2,658 —» 0,847 3,5+0,% 5,4+0,6
2,60 | Fex(n,n')Fe® |3,45 —w 0,847 2,440,5 3,7+0,8
207 207* :
Plomb 0,569 Pb™"(n,n)Pb""" 10,569 — 0 38,043,2
0,803 Pb*%8(n, n)Pp2%% 10,803 —w 0 38,7+3,1 | 45,549
Pb2%%n, n1)pp207 0,897 —»0 .
0,897 sz%(n.n')szobx |68 —o0.80 ; 22,2+1,8 26,3+9 .
v <207 2
0.980% Pb206(n,n')Pb206* 1,78 —=0,803| 12,641,4 Jipb (n'nl)p; "
; 6,71 163 .9 0,895'—5 =17,335,4
08 | P67, ) Pu207 & 33,843,1
' J,63 —»0,57 | -
1,43 | P27, nt)pp207 2,339 - =0,897( 11,5+1,5 !
1,709; Po2 %70, n)Pu207 12,339 0,57 | 28 '3:3'0 [ 12,9+ 2,6
|y, 208 208" e e
2,0l : Ph " (n,n')Pb 2,6l — @ 19,1%3,8 , 20,3 +2,1
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XXII. LABORATOIRE DE PHYSIQUE NUCLEAIRE - C.E,K, 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 - |

Aprés la mise en évidence de 'interaction neutroh—neutron par la détection
des deux neutrons au méme angle (30° Lab.), une seconde expérience multi-
paramétrique avec dé'tectibn des neutfon_s a des angles différents (30°, -80°
Lab.) a-permis la mise en évidence de l'interaction neutron-proton (2500
Svénements) avec le méme appareillacje [1]et les mémes conditions de traite-
‘ment, Les phénoménes parasites de'double-diffusion _éont évalués par une '
méthode de Monte-Carlo [ ] et les résultats triés sont comparés a deé mo-
deéles basés sur la théorie des dlagrémmes de Feynmann [3] .

2. ’Li(n,n'y) A 14 MeV - (Fig,1)

On a observé le rayonnement photoniqﬁe a 477 keV de désexcitation du 7Li :
au movyen d'un détecteur au germanium de 1 ,2cm3 . Le nombre de coinciden-
ces n,vy obtenues permet d’évaluer la section efficace de la réactié_n
“Li(n,n'y)7Li% 4%7 keV : 6—= (76 ¥ 10) mb en accord'avec la mesure

80 mb (* 10 mb) faite par Benveniste [ 4] .

Le dispositif expérimental utilise une analyse biparamétrique avec des ré-
solutions 'en temps et en énergie respectives de 4ns et 6 keV '[5] . Nous
pensons utiliser ce dispositif pour 1'étude des neutroné de capture a 14 MeV
sur 181Ta et 209Bi. |
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SERVICE D'ETUDES DE PROTECTION DE PILES -

C.E,A. FONTENAY-AUX-ROSES (FRANCE) - R. VIDAL

SECTIONS.EFFICACES EFFECTIVES DE 233U DANS LES RESEAUX A EAU LOURL

Des expériences en vue de la mesure des sections efficaces effectives de

233

fission et de capture et du ) de ™ ~U ont été effectuées dans le réacteur

MINERVE avec des échantillons d'utanium métallique contenant de faibles
. 23. : ‘

quantités de U.

Ces mesures effectuées dans un réseau a eau lourde sont en cours d'inter-

prétation,

N

MESURES DU RAPPORT CAPTURE SUR FISSION DU 239Pu(aq) DANS UN

SPECTRE VOISIN DE CEUX DES REACTEURS A NEUTRONS RAPIDES -

LesAexpériences en vue de la me-suré du ag ont été effectuées dans l'assem-
blage ERMINE placé aﬁ centre de MINERVE. Deux méthodes ont été utilisée:
1'une basée sur les mesures des rapports des coefficients de danger du 239]
et du bore et des taux de fission et de captﬁre du 239Pu er du bore, L'autre

utilise la méthode de la chambre locale pour mesurer le téux de fission du.

239 252

Pu comparée a. une source de Cft.
Une premiére série d'expériences a été réalisée tous les résultats sont en
cours d'interprétation et permettront de définir. la valeur de ag dans le s_pec-‘
tre d'ERMINE avec une précision voisine de 15%,
Une autre méthode pour atteindre ag a été développ\é'e.. Elle consiste & irra-
dier au centre du réacteur OSIRIS dans une capsule dont l'épaisseur est de

10mm de bore 10, des échantlllons de 235U de 238U t dv 239Pu On mest

re la varlatlon de la composition isotopique des échantillons et on déduit le

rapport des taux de fission par une mesure avec des chambres a fission dan
le réacteur ISIS qui est la.maquette exacte d'OSIRIS. La combinaison de ce:
deux séries de résultats'pe.rmet d'atteindre ag, ag et ag pour le spectre d'ir

radiation avec-une précision voisine de 7% pour 5 mois d'irradiation,

La capsule sera déchargée trés prochainement afin d'obtenir les premiers ré

sultats et une nouvelle sera irradiée pdur une durée d'environ 1 an,' ce qui
permettra d'améliorer la précision des résultats (note CEA n° N.989)

MESURE DE L'ENERGIE DEGAGEE PAR LES MATERIAUX FISSILES IRRADIES -

Une mesure calorimétrique de la puissance résiduelle degagee par les elé—

ments combustibles irradiés dans un spectre thermique est en preparatlon.
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CENTRE DE PHYSIQUE NUCLEATRE DE L*UNIVERSITE DE LOUVAIN (Belgium)

1. Study of monoenergetic neutron sources

G. DECONNINCK, J. ROYEN

The reaction V51(p,n)Cr541 has been ;tudied between 2.2 and 4 MQ?.
The aim of‘this work is to measure the angular distributions of
the neutrons in order to detqrmine the possibility of using thiﬁ
reaction as a souroé of mopoenergetio neutrons. It(iq shown £hat'
for some applications this source is better than the confentibnal
ones because of the'sloi.variation of intensity and energy with
angle and also because of the egseAwith yhicﬁ 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.) MOi, Belgium

1. Neutron Spectrometry

1.1. Crystal Spectrometer

F. POORTMANS
Total and activation cross section measurements have been performéd on Eun
between 0.020 eV and 0.6 oV in coilaboration with the reactor physies
department. Partial results have been communiéated at the second confe-
rence on'néutron:oross sections aﬁd Technology (Washington, March 1968).
Accurate valuwes for the total crosé gsection at 0.0253 eV and the iéomerio‘
. ratios of the three 10ﬁest resonances have been obtained. It is seén
that the relative population of the 9.3 hr.isomerio,level of 152Eﬁ is
guite different for these theee resonances although they have the same
spin. The resonance parameters of the“bound level have been deduogd.
Further work is in progress in.éider o cheok the.Westoott g(T) fundtién.
A contraof with IABA has been signed for.measurements of the scattering
cross sectioqs of 235U and 239Pu below 1 eV. These experiments are in
preparation.

1.2. Neutron Resonance Scattering

F. POORTMANS, H. CEULEMANS, E. MIGNECO ', J. THEOBALD *

This research is conducted 'in cooperation with C.B.N.M., Euratom, Geel
under the terms of contract EUR/6/4146/67 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



- 189 -

1.3, Neutron Resonanbe Total Cross Sections
CH. CAMARDA %, H..CEUI.'EHANS, G. HACKEN *, #.W. HAVENS, Jr. ¥,
H. LIOU %, J. RAINWATER *, M. 'smcowim * and S. WYNCHARK *
A series of experiments performed at fﬁe.Nevis Synchrocyclotron of '
Columbia Universify, U.S., allowed the collection of data for 26

separated isotopes and 14 natural elements inoluding W182’184’186,

Cu63, gl 510153, ! 77, 81;86,87,88’ Er166,167,168,17o, qal54»158

1o 5, sul520154 g1 TH1T2,1T3  pi142,148,146 1 115 (235 o

La, Lu, Fe,'In, Yb, Pr, Cu, Nd,'Er, Na, Ar. Resonance quotra-were
obfained frém a few eV ﬁp.tu aé'high as 100 keV‘in some cases. The
high-energy rqsolution of thesé datﬁ is £ 0.2 ns/ﬁ. More information

- on these experiments may be foundgelseihere (+).

1.4. Radiative Capture Cross Section (Low keV Region)

F. RARN =

, C. HO ™%, J. FELVINCC **, E. 1»1}3:1.1(0111;11&’FJE ,

V.¥. HAVENS Jr.,", H. CEULEMANS and J. RATNWATER *
Preliminary’éesting of the modified Moxon-Rae type detectors and data
acquigition éqpipment was oonduoted at the 40 m aﬁd 100 m flight p;ths
of the Ngutron Velooity Selectpv at the Ne#is Synohrooyolotron. The
materials used during the tests wers Au,'Mn, In, Cu and 2r. The
pqak-tofbackgrouﬁd ratio obtained at the 78 eV level in an' 9 s

15 to 1. Further information on these experiments has been given

elsewhere (1) .

= Physics Department, Columbia University, New York, N.Y.-
= Department of Nuclear Engineering, Columbia;Uhiversity, New York, N.Y.
(1) Pegram Nuclear Physics Laboratories Progress Report, June 68 tot

January 69 - NYO-GEN-72-
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1.5. OCross Section Calowlations from Nuclear Theory and Systematios

L. DE CORTE and H. CEULEMANS
An effort, up to now of limitgdbsoope and appliogt%ons, hasvbeen ini;
tiated in4brder to»oomplementlexperimental data in areas where the
latter are diffiocult to obtain such as capture cross.seotions,for
neufron—rioh ﬁuolides_forme@ during nuclear fission; or inelastioc
scattering oross sections. 'E§r these caloulations the oohputer
progrﬁmmq NEARREX (2) will be used.

1.6.. Publigations and Commmiocations

Cross Section Measurements for the.Réaotian'1

51Eu?(ﬁ,Y) 152}5‘..‘(1. between
0.01 oV and 0.5 oV.

F. Poortmans, A. Fabry and I. Girlea, Neuirbn Cross Sections and

Technology, Vol. 1, p. 883, Washington, March 1968

Recent Impfovements of the Nevie Synchrocyclotron Neutron Velocity
Spedtrometer
M. Slagowitz et al., Bull. Am. Phys. Soc. , Vol. 13, n® 4, paper JG11

-;Neutron Resonance Spectroscopy I: W182 184 186 and Cu63’65

H. Camarda et al., Bull. Am. Phys. Soo.,_Vol. 13, n°® 4, paper KG11

Neutron Resonance Spectroscopy IT:

G. Backen et al., Bull. Am. Phys. Soc., Vol. 13, n® 4, paper KG12

(2) NEARREX, a computer code for nuclear reaction caloulations, ANL-6978
' P.A. Moldauner, C.A. Engelbreoht, G.J. Duffy.
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2. Figsion Physios and Chemistry

2.1. Fission o;oss-seotioﬁ measurements with fission track_déteotors.
M. NEVE de MEVERGNIES and P. del MARMOL | |

A thermal neutron fission ocross-section of 39_1 4 Pb was méasured forv

232Th in the fhermal column of the BR1 reactor at Mol by means of a

Makrofol detector. This value is in,rough agreement with the

60_1 20 Fb measurement of Korneev, Skobkin and Flerov (Sov. Ph. JETP,

10 (1960) 29). -

2.2. TIdentification of short-lived isotopes in fission

P. del MARMOL

83

A branching ratio of 64 + 8% ias'measureq for the decay of 14.1 8 ~“As

tot 70 8 O3

lns,,_a.nd. results oonoernihg yields and half-lives of 83As
aﬁd 84As were published. 4
A fast radischemical method (m/59) for the separation of short-lived

selenium isotobes in fission has been completed.

2.3. Delayed neutron-ﬁreoursors

P. del MARMOL

A ocompilation and evaluvation of'gxperimental_data for individual

.

delayed neutron précuréors ﬁp toiseptember 1968 has been completed
for thé Journal "Nuclear Data®™. The following properties are covered:
haif—life, neutron gmissionlprobability, chargg and mass assignmenf,

. méthods of produwotion, B-debay properties leading.to ﬁeﬁtron,émitting
gfates, neutron spebt:a as well as the measured or estimated QB
energy of the parent and neutron separatioﬁ energy of the &aughter |

nucleus,
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2.4, Publications

M. Néve de Mévergnies and P. del Marmol, Neutron éross sections and
technology, Proceedings of a Conference, Vol. I, p; 611; Na¥ional‘
Burean of Standards, Washington, 1968. _

P. del Marmol, J. Inorg. Nudl.'Chem.,.QQ, (1968) 2873

P. del Marmol, p. 75 and p. 242, "Delayed Fission Neutroné", Edi£.

I.A.E.A., Vienna (1968).

3. Inelastic Scattering of Slow’Neutrons

S. HAUTECLER -
The physical content of the'Kreﬂs model, which was oiiginally féfmu—
latedvin order to explain the latticé dynémics of bee and foo metals,
ﬁés been applied to hecp métals. .The metal is considered as a set of
spherical ions, of uniform charge distribution, embedded in an electron
sea. The elements oflthe dynamical mat?ix have been deduoed by éssu—
ming central spring interactioné extending vp to the sixth neighbéurs,
and a screened Coulomb interabtion between all ions. Six relations;
between the eight paramefers introdvced in the model and the five
elastic constants have been obtained by thé 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 -

44
cancels out. It was concluded that the Krebs force-@odel does not
describe a crystal in equilibrivm. A possible way tc fulfill the
vlattice equilibrium>oondition wovld be to introduce>a tangential
interaotion.for one of the neighbouring layers.

 Important modifications have been made on the BR2 time-of-flight

spectrometer. At the present time, the spectrometer is equipped
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.vwith_8 evacuated flighﬁ paths, maximum section 46 x 20 cm2,-4 m long.
Bach bénk of detectors consists of 7 BF3 counters, 2" in diamefer.
The flight paths can be moved in a shielded room, the écattefing‘
angles ranging from 0° tot 120°. Tn addition, there iéliﬁ the
incident monochromatic beam.a calibration fliéht path svppofting
2 BF 3's, 1" in diameter; of low sensitivity ( as 5%). Measurements

. . +
of phonon scattering were started on a Zn0O single crystal. Although

3

the volume of the sample was less than 2 em s the ratio of the

phonon peak to the background was acceptaﬁle.

Publications

S. Hautecler and M. Néve de Mévergnies, Neutron Inelastic Scattering,

Vol. I, 91, Edit. IAEA, Vienna, 1968.

4. Thermal Neutron Data (Standards)

A.J. DERUYTTER ®, P. PELFER **, W. BECKER ™= |
This résearch is performed under the terms of.contract EUR/b/4146/67 £,
between CBNM (Euratom) and SCK-CEN (Mol), vsing neutron beéms from
the BR2 and BR1 reactors. |

4.1. 2200 m/s fission cross—section of 235U

The neutron induced counting-rates Qf high quality foils of elemental
natvral boron and evaporated 235U F4 layers have been compared in
identical geometry apd neuvtron beaﬁ with a solid-state‘detector;
‘Neutron energy selection is made with a slow oﬁogper and simultane-

ous pulse-height and time~of-flight spectra are recorded. ( Energy

ranges:2 meV to 0.1 eV)

# CBNM, Euratom, Geel
#% Research Fellow, CBNM, Euratom, Geel

+ Research in associdtion with Kernforschungsanlage Julich (W. Wegener)
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Beocause gf the interest in(T}—values at very low neutron-energigs
a measurement at low rotor revolgtion speed of about 40 reﬁolutions
 per second was also performed. The first run was made at a rotor
speed. of 92 r.p.s. The rotor transmission probability for neuvtrons
with fefy low eﬁergy is much higher for the lower rotor speed and

for this reason <T}—values could be déduced down to 2 meV. The
absolute pfecision of the amourt of 235U on the layers and consequent—
ly of the G}—values is however limited b& the acouracy of the'234ﬁ
a-half life. Work on the @-half-lives af_the ﬁranium isotope conti-
nues a% CBNM, Geel.

Preliminary resuvlts on the first high revoluntion-speed group of

data were presented at the "NeutronvCross-Sections.and Technology -

Conference"at Washington, March 1968. An extensive report on all’

data is being prepared.
2395,

4.2. 2200 m/s fission cross—section of
The experimental procedure is identical to the one discussed for
235U. The isotopic composition of the samples is 99.979% ?39Pu;

241Pu. The precision on the amovnt of Pu

0.002%4 24%pu ana 0.0014
is determined by the precision of the a-half life of 239Pu

(24.360 + 50) yrs of about C.2%. The agreement between the published
239

valves for the @~half lives of Pu is very good, but one is n6
longer very confident in this value because of the CBNM experience
with absolute ohemioél,definitions. Good separation between a-partigles

(and pile-up pulses) and fission fragments of 239Pu is obtained. The

comparison with the standard boron layers is started.


http://valu.es
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240Pu ahd thermal

4.3. Comparison of the spontaneous fission of

neutron induced fission of 239Pu

This program was interrupted because of lack of personnel but is now
restarted with the help of a student of_the "Rijksunifefsiteit Gent®.

The bidimensional analyzing syétem, as well as the computer programs

1

to calculate energy and mass-distributions from the raw data were

,aiready~tested with 235U + thermal neutrons. Final measurements await

the arrival of the (239Pu + 240Pu)-spurce, expected beginning of 1969.

5. Integral oross sections measurements and nuclear data related

to reactors.

5.1. Evalvation of nuclear data for activation deteétofs.

A. FABRY, P.P. DAMLE, H. VANDENBROEEK, D. LANGELA
A code error has b;en;found in the compilation of resonance integrals
reported in Blg 421 [d‘, which fortumately ogly affects the data rela-
tive to 515y ana ' "OLu. | |
A revised version of this rebort will shortly'be:issued in collaboration
with the staff of the Laboratorio Fisiga‘e Calcolo.Reattori, CNEN,
Casaccia, Italy, including a review of the most recent publications
as well as the new experimental results obtained at Casacoia and at Mol.

5.2.: Integral determination of 2200 m/sec activation oross sections.

_A. FABRY, R. JACQﬁEMIN
Thermal cross sectipnglhave been measured by the activation technique
for the reactions ?BMO (n,Y) %0 énd 11 (n,Y) 176m relativel&
to 1PTyn (n,Y) 198Aﬁ. The irradiationshave been performed in a rotating
éraphite' plvg inserted into the BR1 horizontal thermal oélumn, at a

location where the epithermal'flux is negligible ( Au cadmium ratio 3

~ 105) and the thermal neutrons are distributed acéording to a
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maxwellian law of known temperature (20°HC). The small corrections for
the:thermal flux depression.[2] have been carefully checked by changing
the thickness of the samples, which were alloys with aluminium of
variouvs compositions for Au and Lu (p;epared and assessed at CBNM,
Buratom, Geel).
The reéulting cross sections are @ '

Bro (n,Y) Mo+ g, = (0.120 + 0.005)b

P50 (n,y) 1760 &+ ﬁr; - (16.4 +0.9) b
" (for o, (An) = 98.7 b)[1] |

The Westcoft g‘[}J factors have beeh computed from known resonance
parameters D] [4] and found td lie close to uvnity; although -

_ strictly equal tp 1 for 175Lu within error margih, some doubt still
remains upon that correction. dwe to the existence'of an important
oontributiop of unknown bound levels (the thermal absorption cross

- section of 175Lu is computed>to be- 13,8 b‘[1Jlfrom resolved resonance
parameters while the measured valwe is 23 + 3 b [ﬁ] and is consistent
with the well known absorption dafa for both 176Lu [1] and elemental

: - g m
Lu kﬂ.).ihe previously wiknown isomeriec yield ratio 2 :
| - g

: Jo’+0:)

for 175Lu is approximately 70% and could increase with neutron

energy, especially at the resonances at 5,24 and 14,1 eV.

5.3. Integral ofoss section measurements in the 235U thermal fission

neutron spectrum

~ A. FABRY, M. DE COSTER
A paper has been presented at the Second Conference on "Neutron
cross sections and technology“ Washington, March 4-7 (1968) [7] H

.the abstract follows :
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W Ags a first step in‘a long term.applied research programme under
oonsideration in relation with the develonﬁent’of a fast

breedér prototype, capture cross seotiphs averaged over the ufanium—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'featureé of the present method are briefly disqusséd.
Included is a criticism of the unoertainties in the uranium-235
thermal fission spectrum itself, maiﬁlyvbased on recent integral
studies and on new méasﬁrementé of the 238y (n,f) and 235y (n,f)
.average oross sections using fiésion track déteotors.

"1pe resulting average capture;cross sections are compared with

evaluated differential data."

As an illustration of the observed difficulties related to the fission
spectrum and/or fission cross sections, it shqgld beinoted that if

the U-235 (n,f) and U-238 (n,f) differential energy oross-sections as

- recommended by Hart [BJ (a reasoﬁable compromise between the con-
flicting most recent evaluations [9} [10] ) afe weighted with the
fission épeotrum shape as tentatively modified by Grundl [11] ’ vglues

of 124611 25 mb and 336 + 10 mb are respectively found rather than
i250 + 25 mb and 301 + 9 mb whep nsing the conventibhal figsion spectrunm
representation [121 ; our experimental iptegral values are 1335 + 130 mB

" and 353 + 3b mb, thé absolute errors tending to cancel Qut in the
oomparispns if the ratios between these oross-sections are takén. The
'ﬁ-235 (n,f) average fissioﬁ spectrun oross—section'is seen'fé 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 terms of correctiive faétors for diffefential energy
cross—~sections has led fo a curve KjBl systematically higher than
all the most recent evalvwations, resulting in an average fission
spectrum cross-section of 1325 mb, very §lose to our experimental .
figure.

Since the complefion of this work, the use of fission track detectors
has been considerably refined and accuracies of the order of + 2% can
nbw be achieved; new meéSuremepts are currently in progress for the
mse of the 235U‘thermal fission neutron spectrum and are under
preparation for the 239Pu—case; |

5.4, Use of intermediate standard neutron speétra'for fhe improve-

ment of nuclear data for fast reactors.

A. FABRY, J.C. SCHEPERS, P. VANDEPLAS
The facility for generation of a flexible fami}y of primary inter-
mediate standard neutron spectra E4] is still under design. This
is a one-dimensional (spherical) source system,.whose central spectra
are derived from the 235U thermal fission neutron spectrum by partial
moderation and absorption in such a way that the accuracy of their
description shouia ultimately reflect the accuracy of the 1H (n,n)

a 1% (n,a) differential energy cross sections and of the fission

an
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 eiperimental methods needed
for the extensive study of the primary faclllty, another much more
‘simple arrangment[_j]ls presently under completion in the mock wup
'oavity [_éjlof 50 om diameter hollowed out in the horizontal gra—'
phite thermal column of the BR1 reactor:: this is a 5 om thick and
24,5 cm outer diameter natural uraniui metal shell, with an inner
spherical screen of 15.mm thick wvibro ooﬁpacted boron carbide
cladded into 1 mm aluminium. The central spectrum in this facility
similates reasonably well the oenﬁral spectrum of large dilute fast
breeders and for energies above 100 keV dépends mainly:upon the
mclear data of natural uranium. Such a system oéuld be duplicated
rather easily in other laboratories and is tentatively proposed as
a seoondary standard vsefuvl for the intercomparison of exlerlmental
techniques. The spherical shell transmission method[ 1 asscciated
tc differential neutron spectrometers ﬁ%] will be applied ir both
the primary and secondary standard systems, i.e. with completely
different input spectra. The firet nudlide to be studied in this
way is 238U. The depleted'spherical shells are being manufactured.
Transport calculations‘in the détailed.conditions planned for these
experiments have shown {15] that they will offer powerful qemi—integral
checks of the downscattering ( E>100 keV) and the shlelded -capture
(10 keV é E < 1oo-ev) ocrogs-sections for this_nuclide.

Special emphasis is paid,upén the.development of an interpretation
scheme for these integral ﬁnd semi-integral experiments which will
inclvde reasonable physical grounds like statlstlcal theories and

the optical model cf nuclear reactioms.
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‘focussed at the target 3.5 meter from the exit of the Soller slit
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REFACTOR CENTRUM NEDERLAND PETTEN

1. RCN activities

1.1. Circular polarlzatlon of gamma radlatlon after g;pture of;polarlzed

thermal neutrons (K.Abrahams)

A beam of thermal neutrons, extraeted 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.
1
The focus spot is 2 cm broad and a few cmAhlgh and the flux F at the
target is 3.107 cm™2 s71; tﬁe polarization is 852;
After capture of the polarlzed neutrons circularly polarized gamma
radlatlon will be sent out. If 6 is the angle between neutron pola-
rization and y ray, the c1rcular polarlzatlonfls given by:

PY P R cos 6. | ' :
R is related to the spins of the 1ntermed1ate states, the mixing of
spins in the capturing state and to the multlpqlelmlxture in the vy,
transitions. These paraﬁeters we woﬁld 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 cmd

»

and a 30 cm3 Ge(Li)-detector facing each other. The pulses of each detec-
tor are routed to one of four quadrents of a 4096 channel analyser. The
procedure of the measurements. is as follows: The neutron polarization is
inverted in 10 sec.’periods by a magnetic guide field systemz), the
multichannel analyser is put in. addition mode for positive neutron pola-
rlzatlon and in subtraction mode for negative neutron polarlzatlon. The
effects are of the order of 17 and the measurlng t1me is a few weeks per.

sample. In fig.l the exper1menta1 arrangement is sketehed,

3)

‘Measurements on K, S' Ti, Ca, Co, Cd, and Pb have beeh performed™ ', using

our prev1ous mirror system, which lead:to a smaller flux and polarlzatlon

as that quoted above. Several spin assignments could be madeﬁ

Publications _ . o
1) K.Abrahams, W.Ratynski, F.Stechef-Rasﬁussen_and E.Warming, Nuclear
Instruments and Methods 45 (1966) 293.

2) K. Abraﬁams, 0.Steinsvoll, P.J.M.Bongaarts and P.W.de Lange, Rev. Sc1.
Instr. 33 (196%) 524,

3) KAbrahams.and W.Ratynski, Nucl.Phys. Al24 (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 reactoers-
cillator passing,through the centre of the fast core:VThe spectrum,of
thls 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 flveldifferent spectra. .

It is expected that:STEK will'come into operation inlMay 1969.

2. F.0.M. activities -

D

2.1, Thermal—neutron capture y-ray. spectroscopyﬁ(P Spllllng , H.Grup-

pelaari AM.F QE_den Kamp and A.M. J. Spits)

1) Present address: Technische Hogeschool, Eindhoven, Nederland.
‘Measurements on thermal-neutron capture-yrays started in Petten in
1964 w1th angular correlatlon studies of the nucle1 phosphorus, sul-

fur and chlorlnel’,.2 3)

: .- The spectrometer conslsted of two large Nal
crystals.'Since'that time.the mechanical part of the apparatus has not
been changed. In figlz_a vertical cross section through the radial beam
hole,'used~for the experiments is shown. The beam is_collimated'byra
two meters long collimator,~consisting of: lead and'aluminium. The fast
neutrons are scattered out of the beam by means of quartz and bismuth
51ng1e crystals. This neutron fllter is cooled to llquld n1trogen tem-
_perature wh1ch glves an 1ncrease in the thermal—neutron flux of a fac-
tor 3.8. After further colllmatlon a clean beam of thermal neutrons ‘is
obtalned At the place of the. target the_thermal—neutron flux is about .

107 neutrons per cm2

and per 'sec, One of the two Nal crystals, together
w1th the heavy lead sh1e1d1ng is v151b1e in flg 2 This detector can
rotate in a vertical plane perpendlcular to the beam

Slnce the last: two years a hlgh—resolutlon Ge(Ll) detector is- used
ch1ef1y for the recordlng of ' S}ngle4 spectra._Specral attentlon_ls given
to the energy calibration. Mostly thejuncertainties-in'the;energies are
less than l»keV' With‘such a careful determination of the'y—ray energies
decay schemes can be constructed w1th a hlgh degree of cons1stency
Furthermore, exc1tat10n energles and the Q value .¢an be determlned w1th

high prec1s1on. Other results of the analysis are branching ratios.
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Up to now rather complete decay schemes have -been constructed for the
4-9

followrng final nuclei: 32p, 25,26Mg, H41,43,45ca, 20F and 13C (refs.t ).
As an example in fig. 3 the spectrum of the ““Ca(n Y)“5Ca reactlon is

shown. The thermal-neutron cross section for this reaction is l.l‘b. The

available amount of “4Cca (enrichment 977) was only 200 mg. -

The combination of a high neutron flux, a re1at1ve1y low Y—background and
a high-resolution Ge(Li) detector gives the_possrblllty of measuring cap-
ture y-ray spectra of small amounts of enriched isotopee.-

With the combination of a 12.7 x 12.7 cm NaI crystal and a 23 cm3 Ge(Li)

Vdetector seme vyy-coincidence and Yy anguiar‘correlation measurements were
performed on I+3Ca and ”5Ca, using a I6-w1ndow d1g1ta1 dlscrlmlnatorlo).

These 1nvest1gat10ns are a part of the program of the Dutch Foundatlon"

for Fundamental Research on Matter (' St1cht1ng voor Fundamenteel Onder—-

zoek der Materie", F;Q.M.).

Laboratorxz

Reactor Centrum Nederland, Petten and Physical Laboratory’State Univer- i

sity, Utrecht. C o -

Publications.

1) Investlgatlon of the reactlons 31P(n v)32p: and 32S(n v)33s, G van
Middelkoop and P. 'Spilling, Nucl.Phys. 12 (1965) 1.

2) Gamma-gamma angular correlatron(measnrements in the 35Cl(n,y)36C1 »
_‘reaction, G. van Middelkoop and P.Spilling, Nucl.Phys. 77 (1966) 267.-

~ 3) Investigation of the 32S(n y)33s reaction, G. van M1dde1koop and H.
Gruppelaar, Nucl. Phys. 80 (1966) 321.

4) Gamma rays from the 31P(n,y)32P reaction, G. van. Mlddelkoop, ‘Nucl.
Phys. A97 (1967) 209.

5) Thermal-neutron capture gamma rays from natural magnesium’ and enr1ched
25Mg, P. Spllllng, H. Gruppelaar and A.M.F. Op den Kamp, Nucl.Phys.
Al02 (1967) 209. E

6) Thermal- neutron gapture gamma rays from natural calcium, H Gruppelaar.
"~ and P.Spilling, Nucl.Phys. Al102 (1967) 226.

.7) The reactlons-lzc(n v)13C and !°F(n, Y)ZOF P. Spllllng, H. Gruppelaar,
" H.F.de Vries and A.M.J.Spits, Nucl.Phys. A113 {1968) 395,

8) Investlgatlon of the “4ca(n, Y)”SCa reaction, ‘H. Gruppelaar, P. Spllllng
and A. M J. SpltS, Nucl.Phys. All4 (1968) 463.

9)\Invest1gatlon of' the 52Ca(n,y)”3Ca reaction, H. Gruppelaar A. M F Op den
Kamp and A.M.J. Spits, to be publlshed 1n Nucl Phys.

‘ 10) A 16-window d1g1ta1 discriminator for. the Laben 4096 channel analyser,
-~ .~ PiSpilling, H. Gruppelaar and P.C. van den Berg, Contr. to. the Symposrum
on Nuclear Electronics," Versarlles,_Sept.,lO—l3, (1968) o S

s
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2.2. Nuclear orientation experiments with neutrons (H.Postma, E.R.

Reddingius, J.Mellema and R.Kuiken)

Measurements concerning angﬁlar distributions of gamma' rays emitted
from aligned 59Co and !“9Sm nuclei after. capture of neutronms of 0.047
eV were continued. A single crystal of coﬁper was used to deflect a
uSefﬁl 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 x 106 n/cm? s. was obtained.
- The above-mentioned nuclei were alignéd in single\;rystals of Cé2 (87%
Zn, 137 Co)3 (NQ3)12.24 DZQ and (967 Ce, 4Z'Sm)2 Mg3.24 D20. These
samples could be cooled to temperatures of about O.Ql to 0.03 K with
aid of .adiabatic demagnetizations starting4ét-initial.conditions of

1 K and 14 kOe. A fully automized ‘equipment for doing adiabatic demag-
" netizations repetively was‘uéed. For 1%9sm nearly éomplete alignment
could be obtained. Spin assignmentsvcould be made for a rather large

number of levels of °%Co and !50sm.

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 QO—IOO mK

with a 3He-"He dilution refrigerator were started. Fifsf some prelim-
~inéry 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 agfeemen; with a similar experiment.’

dohe by J.W.T.Dabbs.

Publication

H,Poétha,wKe;noriéntatie—experimenten met laag-energetische neutronen,
Ned.T.Natuurk. 43 (1968) 264.
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1. REACTOR.
2. INPILE COLLIMATOR.
3. MIRROR SYSTEM.

5. FIELD FLIPPER.
6. PERMANENT GUIBE FIELD.
7 TARGET.

8. ANALYSING MAGNET

3. Ge(Li) DETECTOR.
10.BEAM CATCHER
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(See fig-1 of ref.3).



N

WATER
S \
BN

NS

VERTICAL CROSS SECTION
o\

MOVABLE COUNTER

s ——
‘ '. Pb SHIELDING

PARAFFIN WITH
BORON ACID

'ROTATING BEAM SHUTTER . |

_FILTER .CRYOSTAT .

THERMAL NEUTRON
BEAM SHUTTER -

NS ==

AT

i

-90z -

NN
S NN

<—REACTOR -CORE " .-

SCALE

VACUUM. . - Ny T

BASALT

vA[Fe, PERTINAX 7 v .
. o f// < 0 s 6, .
o= LT by ////q OLiF
: ]
j[: S L \\\\‘ ’;‘ ,/' N

wh e

REACTOR CONCRETE

_ METER - - -

0 L

0.2

04 06 - 08

il S

BEAM CATCHER

COUNTER
WEIGHT



10° T ~ 7 T 1769 : T T
1 channel = 0.71 keV 175 465 Li 1channel = 1.97 keV 2716
: ) . 36 1710, h726
Cl: N . 2,
5co ’ B & 26 " Ty *t: ) T
Pb X-rays ' ) 815 x4y 1187 2415 TN
' : i 1726" 1900" ¥ oo 2404 :
5x10%- % - : : i 943 1026 1726 1435 N 1751 1900  3068" |
f R ! loss | 2076"  _gaanev’ \f' 2799" 2947" |
[[: , - R ’ [ S B O T L] 2668 “ 2842 | 1984
v 19 57 [ ., ) ! & |
P ORI Y I it W A e, geoa 1 , [
”&;1‘: : ’y" {’ ,ﬁ”’,,f}' A . ' 2 1o | 3000, ' oo ot AR Qb L _LI 1 ' 2076
'r:f; 4‘_“,,{" ' m,‘g‘a,“”,””! ! b, 5 1 | ! “\M‘t\\s ML&; oh gy, ‘%.
Ly o, 5;%“51%: ' \umh‘h Mt
o, : *c) “'Ca 2H
1 | " | . S 1
© 00 200 500 7000 7500 3000
. T . T, L T N T .
® 3996 5166 5515
[ o
C R
S 4x10°H 4630" 7
£ "
¥} 3181" v +3609 3996
5 “Re3244" 3577" 2716 %825573 3577 .3632
Q 2179 2288 2415 3609" [3244 sreyl| "7
2. | 2404  3565" |3632" 2842 ! 4173" 3244 N
€ 2x10° Nk N 1 l 2668|| 2799 | 4122" 3181
Q s ' [ﬁ( ' J
(@) o 911’ H-r&‘u_.nnmﬁi\uqo‘“” ° 3’ ‘I
I 7]\ ! ' xt Ccé &K&%ﬂxxﬁ&ﬂ&zﬁ
[
Co
) i
o w2 J ] ] 1
2500 , 3000 , 3500 4000
T i T
“Fe .
4x10° 5980" (no background subtracted) 7
l .
5166’ ) 5 515
. .| 4573 5515’ 5 166 5980'° 5980
2x10'- Brey | & 2 ‘ _
% s "N “Ca 3*C| i B Bar el . *a
a S ) ) . "N “ICa i
“““;Qhu we :gln\\nu aeaag, . :‘q,\; ¥ . :l“.“""v"&:‘, :J:' l I . ? :
- Haae e F (\u,“«_\ e X259 IO S B e, . t z ' o j .
-“‘(j Tca e T e B iy -1”,)4,,,. oS i ryiss 553 ss g5 1S /}"llllﬂu/l/lldo/ Fregrcorses By s O R000 S
o] ] .
5 000 5500 6000 6 500 —= Eyin keV

F1g 3

- loz -



XXVII.

- 208 -

CENTRAL BUREAU FOR NUCLEAR MEASUREMENTS
EURATOM, Geel, Belgium

Measurements at the lLinear Accelerator

Total Cross Sections

240

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).

Total Cross Section of 233U

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

a 1 cn 'OB-loaded liquid scintillator (with pulse
shape discrimination) has been employed, while in the
energy range from 65 eV - 800 eV a % inch thick 1i®
glass detector has been used. These two detectors
have at low energies a higher efficien¢y than the
1OB-NaI(T1) 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 energyvrange 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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Total Cross Section of 238U

- G. Carraro, W. Kolar

The total cross section has been measured between
65 eV and 800 eV, The sample thickness was 4.3%6 g/cm2,
which should make it possible to determine also the

resonance parameters of the small resonances with a

better accuracy. (Disdrepancies 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.

Resonance Paraméters 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 convergeﬁce

difficulties.

Fission Data

E. Migneco, J. Theobald

Subthreshold Fission Cross Sections

The experiment on

1

240py,, which has lead to the dis-

~covery of intermediate‘states in the exit channelsiof

the fission- processAhas been published (3).

241

A measurement .on Am is prepared.

Fission Cross Section of 235U

A correlation analysis*>was applied to CBNM cross
section data of 255U. It yielded a quasi periodical

'autocorrelation effect, which has been interpreted on

the base of the existence of intermediate states in

the (InkK) » (47 1) channel (5). /

"P.A. Egelstaff, J. Nucl. Energy 7 (1958) 35.
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Fission Cross Section of 235U

. The fission cross section of 255y has been measured

/|o50

1.3.1.

1.3.2.

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. |

Scattering Data
E. Migneco, J. Theobald

240

Scattering Cross Section of : Pu

2

The scattering data of 40Pu 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 Ccnference on Neutron Cross Sections and

Technology in Washington, D.C., March 1968.

Scattering Cross Section of Nd

The scattering cross section of Nd has been measured
240
Pu

with the same detector, already used for the
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.
FPig. 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 be improved.

Scattering Cross Section of Fissile Isotopes _
F., Poortmans,” H. Ceulemans’, J. Theobald, E. Migneco

1OB

loaded 1liquid scintillator detector has been surrounded

For scattering measurements on fissile isotopes a

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-~
1y on 27U was tested, in the framework of a CEN-CBNM
association contract. .

The detector system consists of nine 5He 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 T /T 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.

(+ O.BfLsec), so-below 50 eV the resolution broaden-
ing is mostly due to the unceftainty in the flight
path (+ 10 cm) |

2. overall efficiency: épproximately 18,1072, E-%>
(E in eV)

¥ SCK-CEN, Mol



- 24 -

3. the detector is not sensitive to gamma rays

4. the relative efficiency for fission neutrons is
2. 10=2 J-(E in eV) per fission

5. the overall neutron background is 2.’|O-3 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 rf/r = 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
to start scattering measurements on ?55U with this
detector system.

181Ta has yielded valﬁes for the neutron

widths which are in very good agreement with publlshed
results. Measurements on 235U will be started in the
beginning of 1969.

A short run on

Neutron Capture Measurements

H. Weigmann, J. Winter

Capture Cross Sections

Measurements of capture cross sections have been con-
tinued on samples of natural Cu, natural Nd, and 258U.
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 (rn'>>rv)‘with known isotopic assignments

values of © or, if the spin of the resonance is un-
known, 2¢g T are obtained. In some cases, it was pos-
sible to assign the spin of the resonance from the
measured 2g T assuming a fairly constant radiation
width. For a number of small resonances (r << r ) with
unknowh isotopic assignment, values of 4agr (a= 1sotoplc
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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

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
measured with both, BFB-counters and a 10B-slab

viewed by a Nal-crystal. Absolute normalization has
been done by the "black resonance" ﬁethod, 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 Migneco and
Theobald. The results are discussed below. :
Measurements on 258U have been performed in the energy
range from 5 eV to 30 keV with samples of thickness
1.02.1072, 3.06.1073, and 1.01.1072
Nominal resolutions were the same as in the case of
Nd. Again, the neutron specfrum was measured with

atoms/barn.

BFB-counters and with a'qoB-slab viewed by a Nal-
crystal. For normalization with the "black resonance"
method, both, resonances in Ag as well as the reso- !
nances at 6.67 eV and at 81.1 eV in 258U are used.
Analysis of the data is in progress. ’

Capture y=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-spectra are measured by means of a Ge(ILi)-
detector. The signals of the detector are amalysed

"cbrresponding 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.

Measurements on 255U ‘
The knowledge of the spins of resonances: of 255U
is necessary for a more accurate resonance analysis

and for a better understanding of the fission pro=
cess itself.. ,

Measurements of the capture y-ray spectra for the
neutron energy range from 5eV to 40eV have there-
fore been performed on a metallic séhple of 232y
(200 mg/cme; 93%% 255U). With spin and parity being
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7/2~ for 235U 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-ray (transition from the 2~ level at
687.6 keV to the 2* level at 45.28 keV in 22°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. Pénitz, Z. Physik 197 (1966) 262) showed that
its intensity should be about 25% higher in reso-
nances with 3~ . (y-transitions fdllowing capture
below 250 keV could not be observed due to the
natural activity of the sample whereas the inten-

235y

are very weak and additionally subject to fluctu-

- sities of the primary y-rays in the case of

ations thus giving only in one case a definite as-
signment). A

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 255U Resonances

En(eV) "~ Spin J En(eV) Spin J
6.39 4 22.94 3
7.08 3 23.42 4

27.82 4
9.29 3 30.86 3

12,39, 4 32.07 4

15.40 3 33.53% 4

16.08 3 34,39 (3)

16.69 ) 35.20 4

19. 31 4 39.41 4

21.08 3 I
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Standard Croés Sections

Normalization of relative 235U 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 détermineq from
crystai 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 nf-value. With

this absolute cross-section-curve an absolute reso-
nance integral can be calculated for further nor-
malizations. As almost all relative 7 p-measurements
come down in energy below B eV an absolute resonance
integral that can be.considered as useful for fur-
ther normalization of 235U fission cross-sections
is: N o

11eV.

fnf(E)dE o
7.8 eV

because it contains a large resonance (high counting-
rate) and a relativély lérge timing error (+ 0.5 eV)
does not considerably affect thisiintegral»because

of the small cross-sectioﬁs at the limits of the

integral.

Preliminary results on these experiments were pre-

sented at the "Neuttron 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.

1.5.2. The 6Li/1OB(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.effebts 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 protbtype 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. S -

The last signal will be used for the correction of

the timing signal and for the determination of the

useful accéptance angle of the detector.

The detector has a poor efficiency for the detection

of 7Li particles from the 10B+n - 7Li+a reaction be-

cause of their low energy and is unable to detect

the “H particles from the ®Li+n - Hia 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 /5 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-rays 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
for the use of 1OB(n,a) and 10B(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 yieldéd 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 ¢ = 10.7 eV has been used for the normalization;
the capture data have been analeed with the GACA
program (F.H. Fréhner and E. Haddad, Nucl. Phys. 71
(1965) 129). For the 1sotop1c assignment of the



Nd resonances

gl T _
E (eV)| Isotope - (meV) 2gl_(meV) r (meV) ftype of Remarks
Tes r n Y data
4.%% 0.99 + 0.04 c
42,28 145 : 270 + 15 167 + 6*| c,s
54,99 ~ 143 rr 42 ¥ 2.5]172 % 10} c,s _ ‘
78.33% 150 =X = 4.4 4 1.2)T =18 2.5 c for I used I' = 70 +
85.10 145 11.8 + 1.0 “%m.5 + 1.5 c for T, used TY= 70 +
95. 54 145 5.2 + 0.6 | ¢ |
101. 34 145 9 + 7 69 + 104 c,s
102.86 145 23 + 2 70+ 10| ¢ for I'y used 2gl =38+6 of ref.1)
126.5 143 67 + 5 8% + 7*| ¢ for I', used 2gl =3504+35
1 124.6 143 29 ¥ 2 c Y
146.2 145 15.6 + 1.4 20 + 3 c for I' used Ty= 70 '
150.5 145 12.4 + 1.3 15 + 2 c for I' | used Cy= 70
154 .4 148 70+8 | ¢ with T_ ~ 2.107
157.9 143 68 + 8% ¢ with 2gT =~ 800
178.4 143 428 + 30 | 72 + 7*| <c,s.
185.4 143 . 1130 ¥ 70 | 82 X 8*| c,s
240.8 145 24 4+ 3 | c
257 .4 145 37 + 3 c
27%.% 145 ' 150 + 12 61 + 8* C,S
284.9 148 Fn=1980 +100 58 + 6 C,yS
304..5 143/1R5 : unresolved doublet
322.6 143 4y + 4 88 + 9 87 + 191 c,s | _
443.5 143/145 unresolved doublet

M G. Bianchi, H. Colmin, C. Corge, V.D. Huynh, J. Julien, J.

M. Vastel, J. de Physique 24, 997 and 999 (1963)

Morgenstern, F. Netter,

cce -



Table IV: Nd resonances (contd.)

2gl’ T
E..(eV)| Isotope —-53-1—5 (meV)| 2gT,(meV) [T, (meV) tg‘giaof Remarks
4621 145 410 + 40 | 58 + 6% | c,s |
484.3 145/150 unresolved doublet
494 .7 145 - 51 + 6 225 + 50 66 + 15 C,S )
503.2 143/145 unresolved doublet
520.5 143 59 + 6 205 + 40 82 + 18 CyS
528.8 w5 | 5235 6 460 ¥ 100 | 62 ¥ 10| ¢,s
552. 3 w3 | 42 % 4 c
565.7 145 54 1 6 c

- ¢2c -
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resonances the results have been used of

E.N. Karzhavina et al. (Yaderna-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 FY values marked by an asterix.

In these cases the figures in the table approxi-
mately represent 2gFY. The FY values obtained are
in general at the lower limit of the errors of FY
values quoted in BNL 325 II B and in agreement with
the data of Karzhavina.

The following mean values are obtained:

' Isotope' | 5£¥> meV number of resonances
143 76 4 7 7 |
145 63 + 6 " i
148 . 62 + 6 2

The I') 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. .

Measurements on separated isotopes are planned.

Interpretation of Subthreshold Fission Cross

Sections

H. Weigmann

A paper has been submitted to "Zeitschrift fir .
Physik" (9), the abstract of which is as followst
The structure recently observed (3) in the sub-

threshold fission cross section of 240

Pu is inter--
preted as being due to intermediate states of the |
figssioning nucleus associated with the second mini-
mum of the potential energy as a function of de-

formgtion postulated by Strutinsky.
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(V.M. Strutinsky, Nucl. Phys. 195, 420 (1967)).

This subject was also discussed in an invited con-
tribution to the 1968 Gordon Research Conference

on Nuclear Chemistry, Nevaonddn, N.H., U.S.A. (10).

Ratios of the blnA_zeto-ternary flSSlon Cross=
Sections of 255U in the Resonance Reglon (E < 21 eAl
A, Deruytter, cC. Wagemans**

Two new series of measurements of the ratio of binary-
to-ternary fission,for'235U were made in 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 spln—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.

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
results in the case of 165Ho. A total of 63 reso-
nances of 165Ho, 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
% 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
experimental data of "5In 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 groﬁps 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 pdsition can be chosen

as desired.

Measurements of the high energy capture spectra in
105Pd 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.

" CNEN, 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 95Nb(n,'2n)92Nb between
threshold and 20 MeV have been finiShed. Neutrons from
the reactions 14C(d,n), 15N(d,n)’and T(d,n) were used
for this activation measurement. Corresponding measure-
ments on 103Rh had to be stopped due to the presence of
1O2Rh(T%=21O d) in the rhodium samples.

The 1967 supplement sheets for tﬁe 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 weré produced via the T(p,n)jHe
reaction and determined by counting the associated
3He-particles under 30° with respect to the proton
bombardment direction. Targets of 0.2 mg/cm2 T-Ti

on 1.1 mg/cm2 Al foils were used. An electro-static
field was applied to reduce the backgromnd 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 J
found for all three methods (11).

Corresponding measurements for 0.5 MeV neutron energy
are in preparation. The 3He particles will be detected
under 20° and the targets will have only 0.3 mg/cni2 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 cbmputer program CALCOLEFF
were performed (12).
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Associated particle counting for 2 MeV neutrons
from the D(d,n)BHe 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)BHe reaction could be used for comparisons
between the telescope and the proportional counter
at 2.5 MeV neutron energy. All results agreed
within + 2%.

2e3. Scattering Measurements
M. Coppola, H.H. Knitter

2.3.1. '1i

Differential elastic and inelastic neutron scattering
cross-sections of 7Li in 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).

2.3.2. 239py (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
scattering cross-sections of 259Pu 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.

2.3.3. 239Pu4§energy range 1.5 to 5.5 MeV)

Neutron scattering measurement on 239Pu 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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4,5, 5.0 and 5.5 MeV, Neutrons up to 2.3 MeV were
produced through the T(p,n)BHe-reaction, using a
solid Ti-T target. From 4.0 to 5.5 MeV the neutrons
yielded from the D(d,n)3 He-reaction were used and

a deuterium gas target was employed in order to in-
crease the primary neutron flux. Corrections to be -
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.

Carbon

Since the total cross section of carbon is a smooth
monotonic 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 keéV, 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 omnly uncorrected differential cross sections
have been derived from the available experimental
results, buf correction calculations have been
started.

Theoretical Calcﬁlations on.Si.

A paper on the theoretical interpretation of neutron
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scattering measurement results on silicon has been
published (15).

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. '

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.

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 experimeh—
tal results. '
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Data Handling

Data Handling Equipment

A. De Keyser, H. Horstman

Computer Operation.

The provisionally installed IBM 1407 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 acéumulation 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 K¢ in data channel
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operation with external synchronisation. The inter-
face prototype has been put into operation

(cf. 3 .1.1.) in August. Six more interface units
are being constructed.

3.1.%, Data Acquisition Station for Multi-Parameter Anaizsis

The use of a small data processor and controller on=-
line with the IBM 1800 for the acguisition and re-~
duction of nuclear data from multi-parameter experi-
ments has been studied in detail.

3.2 Data Analysis and Programming

32.2.1. Reduction and Analysis of Neutron Cross 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. 222U (0.018 eV - 2 keV) and 222U (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 Tlli-
nois) for the multilevel analysis of fission and
total cross section‘data have been'rewritxen 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-
tuhtion 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.

Monﬁe Carlo Calculations of Neutron Cépture 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 hqmogeneous and heterogeneous slabs and
cylinders. The effect of impurities is considered.
This program is an extended version of an earlier
IBM 7090 program.

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 modiw

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.

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 accordeon 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 Programmigg

‘H. Horstmann, H. Schmid

1BM 1800 Programs for On-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 written'in 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 Prbg;am 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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PUBLICATIONS ON NEUTRON DATA (Chapters 1, 2, 3)
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and Off-Line Operation of a Calcomp Digital Incre-

" mental Plotter, Annual Meeting of the European

Region of COMMON, Rotterdam, Sept. 1968, EUR.4225.e,

- (1969)

GUBERNATOR, K., MORET, H., Evaluation of the @ B(n,0)
cross section and branching ratioc, EUR.3950.e (1968)
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Radionuclides

Standardization

International Intércomparison of Threshold Detectors

organised by the CBNM

_R. Vaninbroukx

The measureménts of about 300 detectors fronm

15 reactors were'finished and a first report has
been submitted to the Euratom Dosimetry WOfking
Group. A final report, contéining’calculatedlfluxes
and spectral indices, is in preparation; first
standards have been distributed.

Low Enerecy vy-=Standards

W Baﬁbynek, E..De’Roost, H. Hansen, A. Spernol,
W. van der Eijk, R. Vaninbroukx ' '

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 13705, 241Am, 181w,'1090d, 203Hg and
159Ce, 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.AFunck*, 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 2520f

56

fission, a ““Mn intercalibration was organized by

" .
~Euratom Research fellow
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the NPL Teddingtdn. CBNM took part and complete

- agreement with other laboratories was obtained.

Two chapters were written for the BIPM report on
the international intercalibration of 54Mn (1.

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).

Assistance to other Laboratories

Monitoring of 241Pu

A. Spernol, R. Vaninbroukx

The investigations on the best measuring methods

. 241 L
for the low energy P-emitter Fu 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). '

Measurements and Standards for other Laboratories

>

‘About 60 diffefgnt special activity standards have
"been suppliéd to other laboratories in and outside

the CBNM. More than 100 measurements with different
methods were made for chemistry and sample vprepa-
ration, especially on Pu, U and Eu samples. Burn-up
studies and several special measurements were per-
formed for laboratories outside the CRNM.

Improvement and Development of Counting Methods

Improvements in 47f~v 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 4m7R-v 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 47 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 B8-channel. This is
possible, because the v-efficiency of the R-counter
depends rather strongly on this cut-off energy.:
This was not recognized before, but our extended
measurements on the Y-efficiency of the 8-counters,,
which still are continued, showed this dependence
quite clearly (4).

i

New instruments

An anti-Compton counting apparatus is under con=-
struction. A central Ge(Li) crystal of about

1 cm? volume will be surrounded by two o" @gx3"
height Nal crystals. The instrument could also
be used as a pair spectrometer.

Determination of Nuclear Constants

Fluorescence Yields

W. Bambynek

The determination of the fluorescence yield of Cu
after 65Zn electron capture decay has been finished
(5). Excellent agreement was obtained between the
two different methods used for the X-ray counting.
The result 0.436 + 0.003 agrees well with other
recent measurements. Investigations on 858r are 1in

progress and on 88Y in preparation.



. 1 5‘7
4.4.2. Decay of Cs * .
H. Hansen, G. Ldwenthal®, 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
13708 decay, have been finished (6). The ratio of

- emitted electrons plus B-rays to emitted v-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 8-transition can be
determined to (5.4. + 0.3)% and the total conversion
coefficient to 0.1124 + 0.0005.

4.,4.3%, Decay of 7&00
" W, Bambynek, E. De Roost, E. Funck+)

0o-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 an international conference at
Debrecen (7). '

E. De Roost, M. Mutterer+z A. Spernol,
W. van der Eijk, R. Vaninbroukx

The preparatory work for the measurement of the
branching in the 7Be decay has been finished.

The equipments for source preparatidn 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 chemicél state, and on the branching
ratio weré started. | |

'+ EURATOM Research fellow
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Corversion Coefficients ,
H. Hansen, S. Hellstrdm +), G. Maillé *)

Trlple c01nc1dence measurements of the conversion
coefficient in 39Ce decay are nearly flnlshed
87m 170 n and 119m
preparation, as is also an-extended investigation
by at least 3 different methods on 205Hg. Some

theoretical studies on penetration effects in con=-_

Measurements on Sr, Sn are in

version have been performed and wiil be continued.

Half lives of the Uranium Isotopes

A. Spernol-

About 20 sources were measured .in 1ow geométry

counters under different conditions (geometry, de-
tectdrs, cover f01ls) for the half-llfe determlnatlon
of <33y, 23y ana 23%u.-

a faw half-1ife measurements showed‘a standard

Whlle the first serles of

deviation of better than 0.7%, the second series
was much worse. A new series of measurements under

improved conditions is in progress.

Decay of 170Tm

‘H. Hansen, S Hellstrom

170Tm décay
has been determined using our hlgh resolutlon Si(ri)
spectrometer (8).

204le

'Mlcrocalorlmetry and Half-Llfe of

G. Bortels-

The measurements have been flnlshed A half-llfe of
(5 77 + 0.02) years (standard error O. 003 y on ;

204’l‘l metal and
a ,slightly less accurate value within’ the error .

61 measurements) was found for. the

limits of the flrst‘for a nltrate. These results-

*)Enratom 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).

Various Investigations

A B-spectrometer investigation on the number of .
continuous electrons emitted in the decay of 7Be
proved, that it can be neglected for investigations

of the yvy-efficiency of Pf-counters, if the B-cut-off-
energy is above 100 eV. A short measurement of the
number of K-X-rays in the 54P’In decay in dependence

of the chemical form of the radiocactive 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 thel56Mn decay has been
determined to (142 + 1)%,-in-disagreement with present-
ly accepted values.

The intensity of a y-ray in the 147Pm decay, which

is presently regarded as a pure B-decay, is under
investigation. |
Our investigations on the 60

Co-decay were recently
published (10). |
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Publications on Radionuclides (Chapter #4)

(1) WEISS, H.M.: (ed.) Compte rendu de la comparaison
internationale d'une solution de 54Mn, BIPM,

30 Oct. 1968.

(2) SPERNOL, A.: Some Aspects of Radioactivity Stan-
“dardization at the CBNM. of EURATOM, Invited paper
to the ANS meeting, Wasbington 1968, Trans.Am.Nucl.
Soc. 11, 465 (1968). |

(3) DENECKE, B., SPERNOL, A., VANINBROUKX, R.: Monitoring
of Pu-241, Int. J. appl. Rad. Isotopes 19, 812, 1968

(4) DE ROOST, E., FUNCK, E., SPERNOL, A.: Improvements
in 4m8-y Coincidence Counting, Int. J. appl. Rad.

Isotopes, in press

(5) BAMBYNEKA W., REHER, D.: Precise Determination of
the PKwK-Value and the Fluorescegce Yield wg of Cu
after Electron Capture Decay of 05Zn, Z. Physik 214,
374, 1968

(6) HANSEN, H., LOWENTHAL, G., SPERNOL, A.,
VAN DER EIJK, W., VANINBROUKX, R.: The Beta
Branching Ratio and Conversion Coefficients in the
%75 Decay, z. Physik 218, 25, 1969
(7) BAMBYNEK, W., DE RbOST, E., FUNCK, E.: On the Decay
of D800, Proceedings of the conference oh the
electron capture and higher order processes in
nuclear decays,:Débrecen 1968 | ‘

(8) HANSEN, H., HELLSTROM, S.: On the EC-Branch in the

170Tm decay, submitted for publication

(9) BORTELS, G.: Microcalorimetric Determination of

the Half-Life of “0*T1, Int.J.appl.Rad.Isotopes,
in press’ s
(10) HANSEN, H., SPERNOL, A.: Some Investigations on the

Decay of °OCo, 2. Physik 209, 111, 1968
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Mass Spectrometry

Isotopic Analysis of Solids

" P.J. -De Bi2vre, G.H. Debus

' Isotope Standards

Boron

The absolite 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 laboratofies determined the
absolute isotopic composition against their own
Eynthetic isotope mixtures. The results are:

.\\ -

1OB/11B atom ratio

CBNM
KAPL -

NBS st

2nd
NBL 1st

0.24726
0.24734

"0.24730

0.24732
0.2473%3

0.00032
0.00050*
0.00025*
0.00025*
0.00050*

end.

+
+
+
+
+
o
+

0.00050*

0.24738

* private communication from
D;etz (KAPL), Shields (NBS)
- and Finley (NBL).

. Standard Boron samples have been distributed to
several European and U.S. Laboratories.

'5.1.1.2. Lithium |

: o 'QAP; De Biévre, J. Pauwels*

" A method for the chemical determination of Li,
to ‘assay 614 and_7Li solutions for the preparation
of isotope mixtures, is available. e |

ﬁ.ResearCh,Felloﬁ,fﬁniversity of Gent:
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- Four teehﬁiques, i.e. titration against benzoic
acid, titration againsﬁ’HCI (and Ag), gravimetry
of L12005-and grav1metry of L12804 agree witbin
0.02% (3). Synthetlc isotope mixtures have.been
prepared at the 2% - 7% = 7. 5A -~ 8% = 20% - 50%

. 80% and 92. 5% L1 level. o ,

Mass spectrometric measurements with a O. 2% re-
produelblllty have been performed.

5.1.2. Absoiute 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.
on the B content ‘has been improved from 0.25%

to 0.15%, thus reducing conSiderably the centri—'.
bution ofvthe isotopic analysis to the uncertainty
- of the absolute 10
layers.- ‘

Three layers have been certlfled to O. 25%, and

Breontent in‘evaporated Boron

9 layers have been certlfled to an accuracy of

0.15%.

5.1.2.2. Ump;re Quallflcatlon Program.
'  The measurements to qualify for 1sotoplc analy51s
of Uranyl-nitrate and UF, (converted to nitrate).

have been achieved with reproducibilities of 0.1%-

5.1.215. Isotop;c Analyses

| (Only analyses yleldlng a certlflcate are mentloned
standards, calibration and procedure runs are not
1ncluded)
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Requests Analyses [gequests
ending
Fending fer- | Can- I'Re-~ |[Tot.
1067] 1968 |Potal formed| celled} fused 1968
External 56 159} 215 '449 Z 15 166 49
BCMN _ 06 931 159 108 - 9 117 4.2
Total 122 | 252 | 374 | 257¢ | @ 24 |383 | 91

* in 1967 a total of 2271 analyses were performed.

5.1.%, Isotopic Dilution

Quantitative determinations by ‘isotope dilution

have been perforwed 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.

5eZe Analysis of gases
T. Babeliowsky, G.H. Debus

5.2.7. Correlation of Density and DO Content of Heavy

water

The density of two waters from "Eidgen. Institut
fiir Reaktorforschung "Wirenlingen, Switzerland,
‘has been determined. Corrections were applied for
the heavy oxygen and the H-content given by this
institute. The obtained wvalues for dgg (DéO)
(1.10776 and 1.10778 g/ml) are to be compared with
our previously determlned 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 (99.835 mole %).
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The sample will be. remeasured and then sent to
other laboratories.

5.2.3. Normalization of Oxygenllsotgpic Content of DO

A glass apparatus to normalize the oxygen isotopic
content of 15 ml D?O samples at 8C°C by exchange
with a CO2 stream, was built and tested during
20 runs. The density difference before and after
normalization reproduces to within 6 x 10~ c/ml.
The contamination will be determined by D/FH mass
spectrometric analysis.

5.2.4, Measurement of D,O Content by Infrared Absorption

Preliminary measurements of the HDO absorption at
2400 e have been done on a Perkin Elmer grating
spectrometer at the University of Leuven. A program
(for IBM 18C0 and CALCOMF 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. Cortamination
effects are still appreciable.

Publication on Mass Spectrometry (Chapter 5)

(&) DE BIEVRE, P.J., DEBUS, G.H.: 16th Annual Conference
on Mass Spectrometry and Allied Topics, ASTN-E14,
Pittsburg U.S5.4A., May 1968 ’

(2) DE BIEVRE, P.J., DEBUS, G.H.: Absclute 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,F.,
- DEBUS, G.H.: Anal. Chim. Acta 43 211 (1968)
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Sample Preparation and Assaying

Samples delivered

G.H. Debus, K.F., Lauer, H. Moret, 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 156'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 for /the more costly large series of -
well defined samples

3. the BCMN programs (e.g. measurements of half life
time of uranium.andvplutonium isotopes, different

1OB, 2475y and “*Van) take the

-major Capacity of‘the preparation techniQues.

cross sections. of

vacuum evaporation and chemical techniques.
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Table V: Samples delivered

INUMBER OF ORDERS

Applicant NUMBER OF SAMPLES
. [Met JEvap.ChemdJTot. |Met JEvap.ChemJTot.
DT ST O] G
A. Inside the Com-
munity
a) Euratom
ISPRA M| - - 111 308 - -| %08
CBNM 24 | 4 | 6 | | 76| 32| 33|41
Karlsruhe - - 1 1 - - 10 10
Total 35 | 4 | 7| wss|z8a| 32| 43| 459
b) National Labo- -
ratories _ o
Belgium w7 | 3| 1| 21 21| 131 1| 153
France - | 4 5 9l -| 18| 16| 34
Germany 21 3| & ol s 9| 25| 49
Italy 6 - 4 10{ 204 -| 4l 208
Netherlands 3 - -} 3 1 - -1 1
Total 28 |10 | 14 | S2faa1].158| 56| 455 |
c) Universities
‘ and other
Taboratories 1 o
Belgium el 2| S| 4 4| 18] - 22
France 1 110 | 9 | 20| 10| 45| 105|160
- ‘Germany -~ 1 2 30 - 2 2 4
Ttaly 2 3 16 6] 22
Netherlands ] ! I R R S
Total 3 |16 |12 | 31| 1s| e 13| 211
B.Outside the Com- ' ‘
munity I
Canada 5 - - | 51 74| - - 74
Austria - - 1 1 ’ 117 1
U.S.A. 1 al 9l 9]
Total 5 24 ol 7al | 10| es4
General total (72 |30 | 35 | 136|713| 274 |.222|1209"
(1) Metallurglcal | R . BN ‘ .
techniques
(2) Vacuum Evaporatlon -
(3) Chemical technlques ; e
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6.2, . Development

6.2.1. . Metallurgy
o J. Van Audenhove

/

6.2.1.1. Spark Emission Machining |
o Spark erosion conditions, electrode materials and

~ shapes have been determlned for the machlnlng of
- Ge-crystals.

6.2.1.2. Purification and Crystalllzatlon of Amorphous

10p powder.

‘The total amount of impurities (except C and Si)

has been reduced from more than 13000 ppm to léss

than 2700 ppm and a crystalline. material is ob-

tained by electron beam meltlng 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.zdne refining by electron bombardment of
'isoetatic:pressed and sintered rods.

.6;2.1.3; Evaporatioﬁ'bi;lnductibn Heating

- The ultra-high vacuum high frequency levitation .
'facilityvhere 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
bytinduction heatihg has been presented at the '

_ "Collogue international'sur,les applications des
sciences et techniques du vide aux revétements et
:états de sﬁrface“ at Dijon (15-19 October).

'6.2ﬂ1f41 Quantitative Allgylng

'Quantltatlve preparatlon methods for alloys with

practlcally all metals and semi-conductors as base
) materlal have been developed. The homogenelty con-
';ftrol is under 1nvestlgat10n.
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It has been proven by isotope dilution and by
analytical chemistry that thelpreparation of A1-20
ppm Eu is possible with a quantitativity, repro-
‘ducibility and homogeneity of 1.5%.

6.2.2.° Chemical Preparation Methods
K.F. Lauver, V. Verdingh

2471

6.2.1.1. °*2an and 2“4 'pu Program

In view of the preparation of 'series of 241Am and
241

Pu samplesqur onT:and On . measurements at the
LINAC, a study of the most suitable method for the
preparation, cannlng and - handllng of - samples of these
highly actlve substances was ‘made.

- Settling technlques 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 w1ll be used for the
241Am and 241Pu 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
Settllng 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 studled in order to restrict
losses to a minimum.
The preparation of isotopic samples will be started;
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Evaporation Techniques
H. Moret, H.L. Eschbach, G. Miischenborn

6.2.3.1.Boron Reference Samples

. I

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 signifieent 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
coollng period. These measurements were carried out
both before and after dep051tlon 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- determlnatlon of
boron layers of better than 2 ug is hardly feas1b1e.
Major improvement can be expected by eVaporatlng
and weighing under uhv condltlons with a thermally
shielded. balance.
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6.2.3.2. Uranium Reference

As a consequence of 12 experlments 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 levitation
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 levitation’
evaporation can be started as soonas a suitable high
frequency feedthrough is available. |

6.2.3%.3. Other Samples N
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
applicaﬁions 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° 156 (1968)

- (2) ESCHBACH, H.L., GRILLOT, A.: Construction et caractérl-
- stiques de sources miniatures d4'évaporation.



