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ABSTRACT

The cross soctions of the N(n,p)C and N{n,a)B reactions were measursd for

noutrons of from 0.2 to 1.7 Mev energy. Strong resonances wers observed for meutren

enorgies of 0.55, 0.70, and 1.45 Mev. The Q values of the two reactions were also
obtained.
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THE DISINTEGRATION CROSS SECTION OF NITROGEN FOR FAST NEUTROﬁS

1. INTRCDUCTION

Measurcments 6n the croass section for the disintegration of nitrogen by
fast neutrons appeared of interest mainly for estimates of the range of neutrens
from the nuslear explosion in air, For the same purpohe, meagurements of the
scattering of feast neutrons by nitrogen were planned. An interpretation of scatter-
ing data requires 2lso a knowledge of the disintegration cross section. Another
reason for wanting to know the 31aintogration cross section of nitrogen was a pro-
posal by Feld to use the N(n,p) reasction for moasuring the distribution in energy
of the fission neutrons.

Many investigations of the disintogration of nitrogen by nesutrons have
been carried cut in the past. The following reactions have beon observed for
neutrons of sevaral Mev onergy:

(I) nm ...7};11.; —p 60”*4. P +Qg

(I1) n 07111}4 --;5811#&#9.11
Baldinger and Fuberl) measured #he disintegration cross seoction of these reactions
for 2.8 Mev neutrons and found for reaction I a cross section of 0.0l barns and,
for reaction II, 0.16 barns. These authors give Q= +0,55%£ 0,03 Mev and
QII'='=O.h5:!:.O.,1 Mev. E. Wilholmya) claimed the discovery of several resonances
in the disintegration of nitrogen, but tho experimental evidence presented has bwen
subjoect to doubt, Several other authors have subsequently reported similar re;oo

nsnces, most reoently Zagor and Valente3) inventigated thess resonances in some

1) B, Baldinger and P. Huber, Helv. Phys. Acta 12, 330 (1939).

2) B, Wilhelmy, Zeits. £, Physik 3_9;7_. 769 (1937). UNC,_ASS”:,ED

3) H. I. Zagor and F. A. Valente, Phys. Rev, 67, 133 (194,5). This paper contains
also a good survey of the work donme previously. —_—
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more detail. These suthors also made an attempt to find out which reaction is re-
sponsible for the rescnances and attributed all resensnces to reaction II. None of
the authors except Baldinger. and Huborl) obtain any ostimate of oross seotion., The
ovidence presented for the existence of resonances dces not appear convincing, in
particular the rosonance energles found differ accerding to the various autﬁora
(of. Table V of reforence (3) )o

In the pressnt work an attempt was made to obtain a rough estimate of the
disintegration cross sections of nitrogen as a function of neutron energy in the

region of the fiesion spectrum.

2. APPARATUS

The nitrogen disintegrations were obsorved in a eylindrical ionization
chamber with well defined active volume. The chamber was deasigned and constructed
by Koontzh). The chamber was filled with spectroscopically pure nitrogen to a
pressure of ;.52 atmospheres, The active volume of the chambar was 2.5l cm in di-
amster and 10 cm long. 860 volts obtained from batteries were applied bstweon the
central wire and the oylinder. The pulsss were amplified by a semi-fast amplifier
designed by Sands and fed into a pulse analyzer designed by Higinbotham. The pulae
analyrzer allows one to count all the pulses above a cortain biss (integral count)
eand simultaneously the pulses the height of which lies between two biases (differ-
ential count). The differential channel could be moved to any positiom without
changing its width. The overall response could be measured by artificisl pulsas
fed into the high-voltage supply of the chamber. By this procedure the linearity
of the amplifier and the width of the differential chennel sand its position with

respect to the integral channel could be determined.

\ .
l3) P. G. Koontz, forthcoming LA report on the acéﬁ§§§§§gig£;fagt neutrons by helium.

MMEU FR PRl G FELEAGE
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The neutron flux wae monitored by meoans of a high-sensitivity spiral
chambor constructed by tright. This chamber effectively contained about 19.0 mg
of 25 and 15.6 mg of 28 for the amplifier biases used.

The Li(p,n) reaction served as a neutron smource. The Li taiget was about
50 Kev thick. The nitrogen chamber and the monitor chamber were placed on opposite
sides at an angle of 30° with respect to the proton beam.

The operation of the chamber was tested by placing it in a flux of slow
neufrons obtained by slowing down the neutrons fras a 500 mg Ra-Bs source in pare
affin. For slow neutrons only the N(n,p) reaction takes place. The differential
bias curve obtained for slow neutrons is shown in Fig. 1. It shows a reasonably
sharp peak. In order to determine the effect of gamma rays the Re-Be source was
replaced by a 500-mg Ra source. The pulse girze distribution due to gamma rays is
shown by the dashod curve in Fig. 1. It indicates that very fow pulsecs as large
as those due to the nitrogen disintegrations are reproduced by gamma rays.

For the measurement with fast neutrons, the nitrogen-filled chamber and
the monitor chamber wers covered with cadmium sheet 1/32" thick. In view of the
fact that the moenitor chamber did not have a good plateau its counting rate was
checked bofore each run in a paraffin gecometry using a Ra-Be source., The chamber
had previcusly been calibrated in comparison with its counting rate in the same

paraffin geometry.

3o RESULTS
It was originally planned to take measurements at only three neutron
energies, but it became evident that the counting rate varied very rapidly with

noutron energy so that it was necessary to change the neutron energy in small steps,

At 1 values of energy, differential bias curves were taken. Three typical differ-
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ential bias curves are showmr in Fig. 2. The counts at different neutron energies

are normalized to the same number of monitor counts. A% all other snergies only
integral counts were taken. At noutron energies below 1 Mev a well defined peak
due to the disintegration protons appears (see curve for 750 Kev). At 1 Mev fho
" range of the disintegration protons is approximately equal to the radius of the
chamber. Because of this tact, the peak due to the protons becomes broader above
1 Mev. At 1.3 Nev a second peak due to the disintegration a-particles appears
clearly above the y-rays and nitrogen recoils.

The peak due to d=particles appears in Fige. 2 for the differsntial bias
curves taken at 1,5 and 1.68 Mev. At the highest energy the wall effect for the
protons becomes so important that tho peak is not well resolved.

It should be mentionsd that noc direct evidence was obtained which proves
that the peak of lower energy is due to @&-particles and not to protons which might
leave the clb’nuclous in an exoited state., But since Baldinger and Huberl) found
that at 2.8 Mev the (n,x) reaction is four times as probable as the (n,p) reasection
one would expect to find evidence of the (n,a) reaction at 1.5 Mev. As will be
shown later the onergy of the observed particles agrees weoll ﬁith the agsumption
that they are a-partiocles,

The differential bias curves obtained enable one to determine the integral
bias setting to count the protons and G=particles. At each neutron energy, all
pulaes counted above one bias wera assumed to be due to protons, all pulses above
a lower bias were assumed to be due to &eparticles and protons. The choice of
these biases was aﬁbject to considerable uncertainty, and the lack of definition

of the peanks is the principal cause of error in the results,

The counting rate of the nitrogen chambsr was compared with that of the

— B

monitor chamber. Using the known values of 25 and §§¢9rggp sections as a

— e mara N
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function of energy, the cross ssotion for the disintegration processes were camputed.
A summary of the results obtained on two different days are shown in Fig. 3. The
(n,p) roaction shown resonances at 550, 700, and 1450 Eesv. In the neighborhood of
theso rescnancoa the counting rates fluetuated presumnbly because of amall fluctua-
tions in the neutron energy. The true width of the resonances may be narrower than
moasured, since the measured width corresponds to what one would sxpect due to the
thickness of the Li target. On the basis of the same argument, the true height of
the resonances may also be larger than measured. The (n,a) cross section was
measured at only four neutron energies. The valuecs are indicated by circles in
Fige 3. There is a definite indication (ses almso Fig. ej that the (n,q) process
shows a rosonanse at thse same enorgy as the (n,p) reaction., This is to be expesoted,
since both processes result from the disintegration of i2e same campount nucleus,

Errors in the measurements of the cross sections ars due to ths following
faats:

1) Lack of definition of the peaks, principally because of wall effeots,

2) Uncertainty in the calibration of the menitor chamber (a better osli-
bration may bs carried out in the future),

3) Lack of resolution of the resonances bacauas of the energy aproad of
the neutrons,

Li) Large size of the detectors compared to the distances from the neutron
source.

It is difficult to estimate the error caused by these factors. It ia not
unreasonable to assume that values of the cross sections may be in error by 25%.

In Fig. L the positions of the peaks due to the two reactions are plotted
as functions of neutron energy. The line through the pulse sizes of the (n,p) re~

action intersects the axia of abscissee at <710 Kev, If one draws a line parallsl

to that for the (n,p) reaction through the (n,) pdiﬁiifiﬁﬁfihﬁif;ébt@pn:gccura at

z T
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260 FKev. 1In Table I the present rosults are compared with those computed frem the

isotopic masges given in the Project Hendbook9) and thome obtained by other authors.

TABLE I
Q(n,p) Q(n,ct)
{Kev) (Rav)
Chicago Handbook?) 605 =280
Bonner and Brubaker®) 620 =300
Baldinger and Huber!) 550 <4430
Present moaaﬁpomgnta 710 =250

The wvalues of Q obtained in the present measurcments depend entirely on the energy
calibration of the long elsctrostatic generator. The reasonable agresecment with
other measurementis is ovidenge for the proper sasignment of the observed peaks to
the twe reactions,

If one wants to compars the observed resonances with those previously re-
ported one has to add ths @ value to the neutron energy since in earlier work a
continuous neutron spectrum.was used and only the energy of the produots was
measured. Using the Q values from ths present measurements this yields 1.26, 1l.41,
and 2,16 Mev for the (n,p) reaction, and 1.19 Mev for the (n,o reaction. Accord-
ing to Table V of referonce 3%, resonances have praviously beon reported at the fol-
lowing energiess 0,60, 0.75, 0.90, 1.05, 1.25, 1.3}, 1.33, 1.40, 1.42, 1.60, 1.64,
1.75, 1.94, 2.00, 2.04, 2.05, 2,15, 2,16, 2.25 Mev and at highsr ensrgios. Since
these values form almost a continuum within the acocuracy of the measurements, it is
difficult to say which values found in the present work might correspond to those

observed previously.

5) Cl=07, TII A, 2.1.

6) Bonner and Brubaker, Phys. Rev., 49, 778 (1936) and:. 50, 761 (1936).
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