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A SURVEY OF THE ANGULAR DISTRIBUTION DATA ON n-p SCATTERING BELOW 10 MeV

T. Czibdk
Central Research Institute for Physics, Budapest, Hungary

In view of the n-p scattering investigations now in progress In
this laboratory the bulk of the published experimental data concerning the
range below 10 MeV have been analysed. Contrary to the generally assumed
isotropy of the angular distributions in this energy range, analysis of the
available sparse data suggests the presence of a more complex structure in
the differential croBS-section.

Introduction

The angular dependence of the differential cross-section of the
n-p scattering at low energies is as a rule determined from angular distri-
bution of the x'ecoil protons, since the recording of the scattered neutrons
involves more difficulty. For detecting the protons their ionizing power is
utilized, either by visualization of the ionization tracks or by converting
the ionization energy into electronic pulses. To reach a good resolution is
problematic with both method around the C.M. angles 0° and 180°.

Working with the track visualization method /cloud chamber, nuclear
emulsion/ whether thin proton radiator or, preferably, protons dispérsed
in the sensitive volume of the detector are used as target, all protons
scattered after collision into the total solid angle are detected. Therefore,
the angular distribution of the protons gives the differential cross-section
multiplied by the factor sim”® ¢ m ' have a good resolution even for
angles about the C.M. angles r~= 0°, 180° a certain number of events is
necessary, implying a relatively too great deal of evaluation effort. In the
bulk of measurements the statistics Is not good enough to resolve the first
and the final angular range of the width  At?21= 20° or rather 40°

With the scintillation and ionization /proportional/ counters the
small energy part of protons, i.e. the angular range about %UM = 180° ,
is not detectable because of the electronic npise. Also around t> ¢ M =0
the angular resolution is strongly restricted. Namely, the angular distri-
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bution is determined from the energy distribution by the equation
Ep = Eo c0s20p /fall quantities in laboratory system, & is the neutron
energy before the scattering/. The BaTe equation gives the relationship
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———
between the angular and the energy resolution as A1>p|5|“|/}/l MbO einvpﬂ:.M

Thus the angular resolution grows rapidly worse when 7 goes to 0° , which
can be illustrated with the following remark. For Ae/E=10% the angular
resolution at ™ ¢ M =°° i0 M =37° and ®ven for AE/E=1% the angular
resolution is not better then JUE \q = 12°

Survey of the Data

Within the range concerned, measurements with relatively good
energy resolution are published only for the neutron energies 2.5t 5.27 and
8.8 MeV, respectively. Available data are discussed for each group separate-

ly.

2.5 MeV

At this energy, measurements were carried out with neutrons ob-
tained from the reaction D/d,n/ for deuteron energy EN = 100 - 200 keV
and neutron direction o0n = 90 , The earliest experiments were performed
with track visualization of the recoil protons. Mention must be made of the
works of Bonner [1], Dee and Gilbert [2] and Lampson [33. Angular distri-
bution of the n - p scattering was found in each of these investigations
anisotropic for En = 2.5 MeV due to the excess of the small angle protons
over those of medium angles. In ref. [21 this departure is given as
/10+10/%. In refs. [21 and [33 the departure was interpreted as a consequ-
ence of the long range component of the nuclear forces, while in ref. Eli
merely as an error in the background correction. According to the frequently
guoted work of Barschall and Kanner [4], one of the first measurements
with ionization counting, the differential cross-section is isotropic.
However, this very measurement yielded also for the n-d scattering an
isotropic differencial cross-section and we learnt from a number of later
experiments /e.g. refs. 153» [63/ as well as from well established theoret-
ical considerations /see ref. 173/ that the distribution is, actually, by
far not isotropic. It is this why present author questions the reliability
of ref. [43. A later repetition of the experiment by Coon and Barschall [53
exhibited a definite excess of the forward scattered protons with a relatively
good statistics. Also, the deviation .from isotropy seems to involve a fine
structure, too /Fig.l/, Finally, we refer to the measurement of Caplehorn
and Rundle [63 with a cloud chamber. Their data, grupped int 10 ranges of



angle, show an isotropic angular distribution with an error of + 10% /see
Fig.2/.
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5.27 MeY

At this energy only a single experiment is known [81, [o].
Hamouda and M ontftollin carried out their measurement in two runs. At the
perpendicular position of a flat Wilson-chamber they measured the protons
scattered backward in C.M. system, while the forward scattered protons
were measured at a lengthways posit!dn. The whole measurement gave an
isotropic angular distribution with good enough statistics over the whole
angular range though the first and final part being unresolved /Fig. 3/.
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In the work Champion and Powell, neutrons were obtained from

B~/d,n/ reaction and the recoil protons were recorded by emulsion tech-
niques [101. Protons from the scattering of the 8.8 MV neutron group were
selected and analysed. Averaged over larger angular ranges, an excess of
about 20 p.c. was found in the differential cross-section at small proton
angles as compared to the medium angular range. What was, however, completely
new, an oscillation of the period of 24° in c¢.M. angles was to be extract-
ed for the angular dependence of differential cross-section. The statistical
error permits a smooth fit, but there is a good indication for periodicity.

The result is shown in Fig. 4 as normalized to an isotropic angular
distribution of same integrated cross-section. In this connection one may
refer to the measurement of Coon and Barschall at 2.5 MeV [5], within which
a similar pattern to that of Fig. 4 was found without being, however, such a
pronounced one as that.
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Prior to 1968 no other measurements were available on the subject.

Discussion

Theoretical prediction for the upper limit of a possible contribu-
tion from partial waves with £ >0 to the integrated cross-section of
the n-p scattering below 10 MeV is about 1 %o til]. 8uch an estima*-
tion suggest that when discussing the n-p scattering within this energy
range considerations can be confined to s -waves. In other words, the
differential cross-section at a given energy should be independent of the
scattering angle. Measurements in the neutron energy range 10-90 MeV confirm
this prediction since angular distributions become more and more Isotropic
when neutron energy is decreased [121. Nevertheless, based on the low
energy data, we insist on stating that angular distributions below 10 MeV
do not exhibit the predicted simple picture. Actually, anisotropy was found
even below 10 MeV to be important. Only a single measurement at .3.27 MeV
[8], [9I] resulted, within experimental error, in an isotropic angular
distribution. At 2.5 and 8.8 MeV almost each of the measurements showed
anisotropy. What is more, at 8.8 MV an even more complex structure seems
to be present in the distribution.

References

[11 T.W. Bonner, Phys.Rev. ~2, 685 /1937/

[21 P.I» Dee and CW. Gilbert,Proc.Roy.Soc. A163. 265 /1937/

[3] C.W. Lampson, Phys.Rev. j?I, 1021 /1937/

[9] H.H. Barschall and M.H. Kanner, Phys.Rev. Jp8, 590 /19W

t51 J.H. Coon and H.H. Barschall, Phys.Rev. £0, 592 /19'+6/

[6] W.F. Caplehorn and (J.P. Rundle, Proc.Phys.Soc. A64, 576 /1951/
@ H.S. Massey and R.A. Buckingham, Phys.Rev. ']\, 558 /194-7/

[8] G.de Montmollin and J. Hamouda, Helv.Phys.Acta 24, 217 /1951/
[9] J# Hamouda and G.de Montmollin, Phys.Rev. 87, 1277 /1951/
[10] F.C, Champion and C.F. Powell, Proc.Roy.Soc. A183« 64 /1944]/
ill] H,P. Noyes, Phys.Rev. 1iO, 2025 /1963/

[12] W.N. Hess, Rev.Mod.Phys. ~0, 368 /1958/






