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INTRODUCTION

This progress report contains information of work done in the neu-
tron cross section field at various Swiss laboratories during the last
year, The information is not intended to be complete, nor does it
cover all df the work in the reporting laboratories relating to nuclear
cross section measurements. As some of the data, which appear in
this report are of preliminary character, they must not be quoted in

publications without permission of the experimenter associated with

the work.
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I. Institut de Physique, Université de Neuchéitel

(Dir.: Prof. Dr. Jean Rossel)

1, Study of the 16.6 and 16,9 MeV levels of 8Be*,
through the reaction ’ Li(d,acdn at 3 MeV

R. Corfu, C. Nussbaum

In continuation of the investigations presented in EANDC(OR) = 90"L",
20 (1969), we have performed 11 biparametric measurements of the

differential cross-section of the reaction 7Li(d,aa)n.

The choice of the set of angles of the two detected a's was obtained ta-
king into account of a variation from 0° to 180° in CM of the emitted

neutron in the first step of the reaction.

Analysis of the data and theoretical interpretation are in progress.

2. Treiman=-Yang test for quasifree scattering at low energy,
exchanging particles of spin 0, 12 and 1

R. Corfu, J.-P. Egger, C. Lunke, C. Nussbaum, J. Rossel,
E. Schwarz (Université de Neuchétel)

J.-L. Durand and C. Perrin

(Institut des Sciences Nucléaires, Grenoble, France)
The experimental results of the study of deuteron break-up and other
3-body reactions on light nuclei indicate that the enhancement associa-
ted with the quasifree kinematic condition is very important even at
bombarding energies of a few MeV. However, this does not necessarily

imply that the pole graph represents a dominant contribution. The impor-




tance of this contribution can be tested with the Treiman-Yang criterion [1]
which is based on the invariance of the pole graph matrix element for the
reaction with respect to rotations (angle €) of the second stage reaction
plane about the direction of the exchanged particle. Shapiro indicates [2]
that this is only true if the energy associated with the momentum trans-
fer is lower than the binding energy[3]and if the spin of the exchanged
particle is 0 or 12, We have studied the reactions H(d, 2p)n at 20 MeV,
6Li(p, pd)4He and 6Li(p, p«)zH at 50 MeV which include the exchange of
protons, neutrons, deuterons and alpha particles. The use of deuterons
as projectiles in the deuteron break-up reaction is advantageous because
the direction of the exchanged nucleon is defined directly in the laboratory
coordinate system and the available phase space is the same for all T-Y
angles. Kinematical conditions were chosen to insure high relative ener-
gies between particles in the final state, therefore final state interactions

were ignored.

Absolute cross sections for the above reactions have been measured in a

series of complete experiments using CH, and self supporting 6Li tar-

gets and deuteron and proton beams fromzthe Grenoble isochronous cyclo-
tron, The reaction products were detected by two AE-E detector tele-
scopes placed within a spherical reaction chamber of 1,2 m in diameter
which allows motions out of the reaction plane. The energies and the

time of flight difference of each coincident event were measured and

stored on magnetic type by a PDP -9 data acquisition system.
Particle identification was done off-line.

In the case of the H(d, 2p)n reaction the T-Y distribution varies between
10.2+1.3and 17.9 + 1.5 mb sr~2 Mev™! for T-v angles ranging from
0%o0 110° for a fixed momentum transfer § such that %—I% = 0.9 MeV.

This implies that at Einc = 20 MeV several diagrams must be taken into

account (see fig. 1 and 2). Analysis of the p + 6Li data is in progress.
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3. Polarization measurements in the D(n,n) scattering at
2,5 MeV* and in the C(d, n) reaction at 3 MeV

S. Jaccard, J.-F. Germond, J. Piffaretti and J. Weber

a) D(n, n)

Up to now, the neutron polarization has been measured at five angles
GL: 400, 450, 460, 60° and 120°. The experimental asymetries
have been corrected for multiple scattering by the Monte Carlo method.

The results are:

o O o o

0 40 45 46 60 120°

-0.0042 | -0.0039 | -0.0132 |-0.0164  |-0.0048
+0.0039  [+0.0049 | +0.0041 [+0.0037 [+0.0075

P, % +1.041.0 [+1.0+1.2 | +3.341.0 (+4.104+0.95(+1.2+1.8
(P1=40i2%)|

The errors are statistical + instrumental.

The angular distribution is being completed by measurements between

70° and 110°Lab and around 30°Lab.

A description of the polarimeter of a new type which we used and a de-

tailed study of possibie false asymetries are soon to be published [_1_] .

13
It is now being studied whether it is possible to use the 9Be(c(,, nl) C [_2_]
polarized neutron source to measure the Pz(e) angular distribution at

E =% 3.3 MeV.
n

Based on the work of R. Viennet [ 3] , predictions of the values of the
Wolfenstein's parameters in function of angle and energy are presently

computed and will be published shortly [4] .

Triple scattering experiments are presently planned and should be in

progress by the end of the year,




b)  2¢(d, n)*

We have measured, with a liquid He polarimeter, the polarization of

the neutrons from this reaction at 2, 75 and 3 MeV.

The results are in good agreement with earlier measurements by Walter

etal. [ 5, 6] and are being published in detail elsewhere [ 7 ].

o—
GL—ZO

2.71 MeV P, =(-36.5 + 2.2)%

=
joB oR
"

2.96 MeV P1 =(-37.0 + 1.8) %

The errors are statistical + instrumental, the asymmetries have been

corrected for multiple scattering.

* EANDC (OR) - 93 "L" (1970)
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4, Measurement of angular distribution for (n, p) and (n,a) reactions
on 19F, 298i, 325 and 403 at 5.8 MeV

F. Foroughi

We report there some results which have been obtained with a system of

simultaneous detection and E-AE selection of charged particles for dif-

ferential cross section measurements of (n,«) and (n, p) reactions on tar-

gets of Can, S (natural isotopic composition) and 2981(95. 3 % enriched).
The incident neutron beam of 5. 85 MeV had a mean resolution in energy
of 75 keV. The experimental results have been corrected for geometric
effects and for neutron attenuation in the intervening parts of the tele-

scope.

In the following figures (1 to 9) the measured angular distributions are
given and table I presents the values of total cross sections evaluated

from the angular distribution histogrammes.
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TABLE 1 Reactions o
(n,« ) 116 + 12 mb
40, (&, +a,) 110 +12 "
(n,p_ +p;) 365 +27 "
19, (n,x) 135+ 17 mb
. (n,a) 51+7 mb
324 (n,p_ +p,) 150 +20 "
(n,pz) 82+9 "
(n, ) 140 + 20 mb
o *
295‘
* (n,a)) 90 +10 "




II. Institut de Physique Nucléaire, Université de Lausanne

(Dir.: Prof. Dr. Ch. Haenny)

(n, Charged Particles) Reactions at 14.0 MeV
J.P. Perroud, Ch. Sellem

The complete angular distribution of the reaction 9Be(n,t)t) 6He (10 angles)
and the angular distribution of the reaction 9Be(n,’c) 7Li in forward di-
rection (up to 600Lab.) have been measured with the spectrometer des-
cribed in 1 ].

The measured spectra show perfectly resolved peaks, which can be attri-
buted to the following particles and reactions:

-2 alpha rays emitted by 9Be(n,cc) 6He leading to the ground and first
excited (1.80 MeV) state of 6He.

-1 6He peak originating from the gBe(n, o(o) 6He reaction,

- 2 tritium lines from 9Be(n,’c) 7Li, leaving the final nucleus 7Li in
the ground and first excited (0.478 MeV) state.

The preliminary analysis of the data for the reaction 9Be (n, oc.o). 6He gives
an angular distribution, which form is in good agreement with previous
measurements f_2_] . The integrated cross section is somewhat lower than
the one given by [2] but agrees very well with activations measurements
of [3]. The cross section for the reaction 9Be (n, o(l) 6I—Ie leaving the

He nucleus in its first excited state shoWs clearly forward peaks. The
search for excitation at higher levels in 6He and the analysis of data for
the reaction 9Be(n,’c) 7Li have not yet been performed.
The measurement of the angular distribution of the reactions loB(n, p) 10Be,

10B(n, d) 9Be, 10B(n,’c) 8Be, 10B(n,c(,) 7Li are in progress.
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III. Eidg. Institut fiir Reaktorfor schung, Wiirenlingen

(Dir.: Dr., W. Ziinti)

*
1. Reaction Cross-Section and Resonance Integral for 18O(n,\')lgo )

W. Blaser, A. Wyttenbach and P. Baertschi

The cross-section for the reaction 18O(n,y)lgo has been measured with

reactor neutrons on t>argets of 18O-enriched N32C03 relative to.the cross-
section for 23Na(n, Y) 24Na. The samples were irradiated with a fast pneu-
matic transfer system without and with Cd-covers and the 190 and 2‘}‘Na»--

activities determined by y-spectroscopy with a Ge(Li)-detector. Assuming

"t' 1p (190) =27 s and & (23Na (n,y) = 0.534 b, the following values were

found:
effective cross-section §=(1.7+0.1)- 10-4 b
2200 m/s cross-section o= (1.6 +0.1) - 1074
excess resonance integral I'=(7.44+0.4)- 10'-4 b
resonance integral (including
the 1/v contribution and with -4
a lower energy of 0.5 eV) I =(8.14+0.4)-10 "D

The only previously published value is &= 2,2 - 10'-4t b [l] and is sus-
pected to be seriously in error due to obsolete counting techniques and

to the use of an erroneous half-life for 190.

*) Full paper in J. Inorg. Nucl. Chem. (in press)

Reference

[1] L. Seren, W.E. Moyer, W. Sturm,
Phys. Rev. 70 (1946) 561

11




2. Multiple Scattering Effect in Neutron Capture Cross-Section
Measurements

F. Widder

In the class of neutron capture cross-section measurements by means
of liquid scintillator tanks or Maxon-Rae-Detectors the effects of single
and multiple neutron scattering can be large, even for thin, high-trans-
mission samples. The evaluation of high precision cross-section curves
by means of Monte Carlo calculations are very expensive. For this rea-
son H. W. Schmitt [1_] has derived an analytical expression for the
average path length for the case of plane parallel neutrons axially inci-
dent upon a thin disk of material whose scattering and capture cross-
sections are considered to be nearly constant over several neutron col-
lisions. Later Monte Carlo calculations for a finite neutron beam diame-~
ter produced essentially identical results. The formula given by Schmitt

is only valid for ne,_ t £ 0.2 and t S r/2. Moreover it contains an error

T
which fortunately has little influence within the given limits of validity.

Nevertheless this formula was used by several authors [_2_, 3 1.

‘In order to improve the capture cross-section data of Vanadium, Manga -
nese, Cesium, Europium, Dysprosium and Lutetium in the energy range
from 0.01 eV to 20 eV (Z>»1, little energy change in scattering) we nee-~
ded an improved expression. The formula we derived is validto = 1 %

for nd’Tt £1andt S r.

The total number of capture events per incident neutron fc is
= 8 - - -
(6 /6L) (1 - exp (-ne 1))/ (1-X)

with X = (& /0' ) (1-E)

and E = F(l-exp(-no t)+exp(-n6T1r +t )-exp(-no’ r)+G(nc‘TVr2+t2)
-G(nO' t)-G(no- r)+n0' (Vr +2 r(exp(-nd’ r(1+t /12r N
with F =

0. 25(1+2n0Ttexp(-nG'Tt)-exp(f-2no'Tt)) / (l-exp(-nGTt))

and G(x)=0.5 g-(l:cl-x)exp(-x)-szi(-x))
~Ei(-x) = 5 — at

x

12




The value of the radlus r in the formula must be replaced by
r M2

j?f \/1'( /I') sm Y d? dg 2 0.85r

r
eff
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IV. Laboratorium fiir Kernphysik, ,
Eidg. Technische Hochschule (ETH), Ziirich

(Dir.: Prof. Dr. P. Marmier)

Determination of the analyzing powers 1T11, T20’ T21 and T22 of

the reactions D(d,n)3 He and D(d,p)T at 10 and 11, 5 MeV

V. Konig, W. Griiebler, R.E. White, R. Risler, A. Ruh,
P.A. Schmelzbach and P, Marmier

Measurements on the polarization of the nucleons emitted from the mir-
ror reactions D(d,n)3He and D(d, p)T give essentially higher values for
protons [1] than for neutrons [2 ]. The purpose of the present experi-
ments has been to investigate whether such inexplicable differences also

exist in the analyzing powers of these two reactions.

The experimental method applied in determining the analyzing power of
a reaction using a polarized deuteron beam has been described in ear-
lier publications [i, il_] . For the reaction D(d, p)T, the vector and the
three tensor analyzing powers have been determined at 6 energies ran-
ging from 4 to 11.5 MeV for ¢, m. angles lying between 10° and 165°.
For the reaction D(d, n)3He, the recoil 3He -particles were used for the
measurements, The range of these particles in Si surface-barrier de-
tectors is only one-fourth to one-sixth the range of tritons emerging
from the reaction D(d, p)T or that of elastically scattered deuterons,
whereas the range of protons is essentially larger, By the application
of a very low bias, the sensitive layer of the detectors could be made so
thin that the 3He -particles suffered the largest energy loss in this layer
and therefore could be observed selectively. Due to the detectors avai-
lable for the experiment, this method was applicable only for deuteron
energies larger than 10 MeV and for scattering angles of the 3He-pa.r-
ticles between 10° and 320; hence the reaction could be observed only

for c,m. angles ranging from 95° to 156°,

Filled with deuterium at a pressure of 4.5 atm, the same gas target was

used for both the reactions. For the tensor polarization of the polarized

14




deuteron beam the 3He(d, p)4He -reaction served to monitor each mea-~-

surement [ _5_ ] , whereas the vector polarization was determined by
3
(6]

The figure depicts the measured analyzing powers at 10 and 11.5 MeV

comparison with the scattering reaction 4He(d, d)4He

for the c.m. angular range of 90° to 1600; closed dots represent the
reaction D(d, p)T, open circles the reaction D(d,n)SHe. The errors shown
are purely statistical and, where not indicated, are smaller than the

size of the dot. Good agreement is obtained for the two components iT11

and T21 of both the reactions. In the angular range under considera-

tion, the extremely small values of T, ., render a comparison practical-

22

ly impossible. However, at both energies, the T_ ., component shows

20
definitely larger values for the D(d, p)T -reaction than for the reaction

D(d, n)SHe.
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V. Physikalisches Institut der Universitéit Basel

Investigation of the Nuclear Level Densities of Cerium and Strontium

J. Schacher, P. Huber T and R. Wagner

Neutron spectra resulting from 14-MeV -neutron bombardment of Cerium
and Strontium have been observed with a time-of-flight spectrometer. A
computer program was developed to calculate evaporation spectra con-

taining (n,n')- and (n, 2n)-contributions.

These calculations are based on the statistical model [_1_], according
to which the probability that a compound nucleus decays into a residual
nucleus with excitation energy E under emission of a neutron with ener-

gy € is given by
W(e)ox £ & (£) g(E).

The cross section cc( €) for the inverse reaction can be approicimated
by optical model absorption values. For the level density q(E) of the
residual nucleus Wé used predictions of the superconductor model and,
in the energy range above the phase transition, of the shifted Fermi gas
model [2 ] :

'

U-nexp(2 VapU ) for E >» Eph

g(E)ec < ()

A
=

exp (E/ TS) for E

h

ph
with n = 2 or 5/4,

Eph is the phase transition energy, U = E + P the effective excita-
tion energy, ap the Fermi gas level density parameter and Ts the
nuclear temperature in the lower excitation energy region. P is the

pairing energy of the nucleus.
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The calculated energy distributions well describe the measured spec-
tra for Cerium and Strontium which contain mainly magic nuclids.
Fermi gas level density para_meters‘ap have been obtained from least

square fitting of the data.

In figures 1 and 2 experimental and theoretical neutron spectra are
compared for the two elements. In the cases shown we took the expres-

sion (*) with n = 2 (ai)) for the nuclear level density.

For more details see reference [_2_ ]
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Fig, 1: The energy distribution of neutrons emitted from Cerium
at a neutron bombardment energy of 14.2 MeV is compa-
red with a fitted theoretical spectrum. The calculation is
based on the statistical, the Fermi gas and the supercon-
ductor model (see eq. (*) with n = 2).
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Fig, 2: The energy distribution of neutrons emitted from Strontium
at a neutron bombardment energy of 14.2 MeV is compared
with a fitted theoretical spectrum. The calculation is based
on the statistical, the Fermi gas and the superconductor
model (see eq. (*) with n=2).
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