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Disintegration of nitrogen by fast neutrons

bv C. P. Sikkema (Groningen).

I. Inlrodiiclion.

Xuclear energy levels can be studied by measuring the vield of
nuclear reactions as a funetion of the energy of the incident particle.
At eertain energies maxima inay appear. These so-called resonances
oceur wben the incident particle has an energy whieh, after the
particle has beeil captured by the initial nucleus, leads to a stationäre
state of the Compound nucleus, tlius formed. For these experiments
particles of homogeneous and variable energy inust be available. In
the case of charged particles, this offers no difficulty, as they are
produced by various types of accelerators. Monochromatic neutrons
can only be obtained by a few reactions, the most important of
wliich are

•;i-' d' - II'"' + in
fl> -h fD - - ple I- in

Bakscuau, and Battat1) studied the (na) and (np) reactions in
nitrogen, using the first process as a neutron source. The neutron
energy was varied between 0.2 and 1.7 MeV, by varying the acceler-
ating potential of the protons above the threshold value of 1.8 MeV.
Wo studied the same reactions, using the I) + 1) neutrons6). They
can be produced by deuterons of low energy. In this case the largo-
Variation of the neutron energy with the angle between the neutron
pat-h and the beani of deuterons can be used. V'ith a deuteron
energy of 17h keV, neutrons with energies between 2.1 and 3. 1 MeV
were obtained when the angle is varied between 30° and 132". This
follows frorn the laws of conservation of energy and momentum,
and the value Q 3.31 MeV for the II + I) reaction.

Wim Elm y2). who first studied resonance effects with fast
neutrons, followed a different method. He used a neutron source giving
neutrons of continuous energy distribution. The total kinetic energy
of the reaction producta (a-particle resp. proton plus reeoil nucleus)
is measured in an ionisation Chamber, and the distribution of the
pulse heights is deterniined. In this distribution eertain maxima
appear. They represont reaction-produets whieh are caused by neu-
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trons with rosonancc energy. These energies ran be ealculatedwith
the help of the value of the reaction cnergy. The most recent measu-
rements of tliis type with nitrogen were carriod out by Stbblkr and

IIijbur3).
II. Metliod.

Deuterons were aeeelerated to a mean energy of 475 keV, and
after magnetical Separation from other ions, feil on the heavy irr
lauget. The thin ]).,() tauget was made liy depositing a voluine "I'

:!() ein3 sa.tura.trd Do*) vapour lipon a ropprr surfare, cooled by
liquid oxygen. The tauget thickness was about 45 keV. It was
measured by comparing the neutron yield with the thiek target
yield.

A proportional rounter serwed as a detertor for the reartions

'iX | >1 - - 'AB D
14rN + in -> 'iC + jp

The rounter is filled with 2 at. of nitrogen.
The diameter of the wire is 0.05 mm, of the cylinder 6 cm. The

operating voltage is about 5000 \'. The rounter was exposed to neu-
trons of various energies by placing it in various positions with res-

pert to the target. The intensity of the neutron sourre is. of rourse,
not ronstant. Therefore the nuniber of neutrons emitted during the



174 C. 1'. Sikkerna.

timo <>f measurement. is determined l>y a BFS proportional counter.
which is kept in a fixed position. The number of neutrons getting
into the nitrogen counter is then calculated with the aid of the
function 1 + A cos2!? which gives the angular dependence of the
neutron intensity in the centre of gravity co-ordinate system. In
our ease .1 1.7.

III. Resull.

The comhined cross section for the («ot) and (np) reuetions is ob-
tained as a function of neutron cnergy in the interval between 2.1

and 3.4 Me\7. A sharp maximum appears at 2.23 iMeV, which indi-
cates a resonance level in the intermediate HX nucleus. The width
may he estimated to be 50—100 kcV. In the higher energy region no
largo Variation in cross section is observed. Stbblkb and ITuber3)
from their iueasuroinonts also concluded. that at 2.20 MeV neutron
energy a resonance occurs. The results of WiLiiKLiiy suggested the
presence of more pronounced peaks. It. is, howovor. possible that the
groups found by Wiliiei.my and others4)5) are caused bv neutrons
of much higher energy, and therefore cannot be found in our experi-
ment.
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A latfr measurement is presented here.
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