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the N(n,p)C and

energy. Sta-ong

l?(n,~B reaotions wore mmsurd for

resonances were observed for neutron

I onergie8 of 0.55, ().~()~and 1.45 Mev. The Q values of the two reactitma were also

obtained. ———. -—
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I THE DISINTEGRATION CROSS SECTION OF NITROGEN FOR FAST IWZUTRONS

x. INTRODUCTION

I Measurements on the arom soctien for the disintegration of nitrogen by

fast neutrons appeared of interest mainly for estimates of the range of neutrons
.

from the nuclear explosion @ air. For ‘thesame purpose, measurements of the

scattering of fast neutronsby nitrogen were planned. An interpretation of 8catter-

ing data requires also a knowledge of the disintegration cross motion. Another

reason for wanting to know the disintegration cross section of nitrogen was a pro-

posal by F61d to use the N(n,p) ramtion for measuring the distribution in energy

of the fissien neutrons.

Many investigations of the disintegration of nitrogen by neutrons have

been carried out in the past. The following reaotions have been obrxmved for

neutrons of aevoral Mov energy:

(I) n+~NU->6CU+p+QI

Bddingor and FIuberl~measured tho disintegration cross eeotion of these reactionci

for 2.0 ?itevneutrons and found for reaction I a orom seation of O.* barns and,

for reaotion 110 0.16 barns. These authors give Q1=+0.55z0.03Mev and
e

Q~~-=”00.@&C).l ~OV. E. Wilholm~) claimed the di8covery of several reeonan~es

in the diaintagrat%on of nitrogen. but the experimental evidenoo presented haa been

subjeot tO doubtc. Several other authors have subsequently reported similar reso-

nances moat rc@rxatfiJZagor and Valente~~ investigated

1) E. E?aldingorand P. Huber, Helv. Phys. Actal&, 330

2) E. Rilhelmy, Zeita. f. Phyaik ~, 769 (1937).

these resonances

(1939)●
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more detail. These authors ●lto made an attempt to

-“-—

-.. —
.——

find out whioh reaction is re-

sponsible for the r?mmanoos and attributed all resonance t? reaotion 11. None of

the authors exoept $Mdlnger. and Xuberl) obtain any ostimato of orous eootion, The

evidenoe presented for the oxiatenoe of resonances does not

particular the ro80nanoo energies found differ acamding to

(of. Table Vof referenoe (3) ).

In the present work an

disintegration cross seotions of

region of the fission speotrum.

20 APPARATUS

attempt waa made to obtain

appear convincing, in

the various authors

a rough estimate of the

nitrogen as a function of neutron energy in tho

The nitrogen disintegrationswere observed in a cylindrical ionization

ohamber with well defined aotive vohme. The ohamber was designed and oonstruoted

by Eoontz4). The ohambar was filled with ripectroacoploallypure nitrogonto a

prenaure of 4.52 atmospheres. The aotive volume of the ahamber waa 2.54 cm in

ameter and 10 cm long. 860 volts obtained frmm batteries were applied between

central wire and the oyl%nder. The pulses were amp~ified bya semi-faat amplifier

designed by Sands and fed into a pulse analyzer designed by Eiginbotham. The pulse

analyzer allows one to count all the pulses above a oortain bias (integral count)

and simultaneouslythe pu18es the height of whioh Mea between two biases (differ.

ential count). The differential ohannel ceuld be moved to any position without

ohanging its width. The overall responfiecould be meaeured byartifioial pulses

fed into the high-voltage supply of the chamber. Bythia procedure tho linearity

of the amplifier and the width of the differential channel and Its position with

respeot to the integral ohanml could be determined.

-of fast ne@_rons by helium.
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The neutron fluxwae monitomdbymans of a high-sensitivity spiral

ohamber constructed by Hright. This chamber offootively contained about 19.Omg

of 25 and 1506 mg of 28 for the amplifier biases used.

The Li(pon) reaction eerved as a neutron souroe. The IA target was about

30 Kevthiok. Tho 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 ohamber was tested by placing it in a flux of slow

neutrons obtained by slowing down the neutrons from a 500 mg Ra-Be source in par-

affin. For 81OW neutrons only the N(n,p] reaction takes plaoe. The differential

biau curve obtained for slow neutrons i8 shown in Fig. 3. It shows a reasonably

sharp peak. J.norder to determine the effect of gamma rays the Rao~ source was

replaoed by a 500+ngRa sourco. The pulse aim distribution duo to gamma raya is

~hown by the daahod curve in Fig. 1. St indicates that very fow pulam an large

as those due to the nitrogen disintegrationsare reproduced by gamma rays.

For the meaauranent with fast neutrons, the nitrogen=.filledohamber and

the monitor ohamber were covered tith

fact that the monitor chamber did not

cheoked beforo oaoh run in a paraffin

oadmium sheet l/32w thiok. In view of the

have a good plateau its oounting rate was

geometry using a Ra-Be source. The chamber

had previously been calibrated in comparison with its counting rate in the same

paraffin geometry.

30 RMULTS

It was originally planned to take measurements at only three neutron

onergies~ but it beoamo evident that the oounting rate var~ed very.rapidly with

neutron energy so that it was necessary to ahange the neiitronenergy in mall dmpa.

At U values of enorgy, differential bias curves were taken. Three typical differ.

-==&--— ..——— --
‘--—~=======
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emtzlal bias curves are shown in Fig. 2. The counts at different neutron oxmrgies

are normalized to the same number of monitor oountxz. At all other anergies only

integral oount8 were taken. At neutron energies below 1 bleva well dbfincd peak

due to the disintegrationprotons appears (aeo curve for 750 Kev). At lMovthe

range of the disintegrationprotons is approximately equal to the radius of the

chamber. Becauoe of this faoto the peak due to the protons becomes broader above

1 Mev. At 1.3 Mev a second peak due to the disintegrationm=particles a~ears

clearly above the ~-rays and nitrogen

The peak due to ~-partiule8

curve8 taken at 105 and 3.68 Nev. At

protons bemxnos 80 important that the

It 8hould be mentioned that

recoi18.

appears in Fig. 2 for the differential bias

the highest energy the wall effect for the

peak ia not wekl roaolved.

no direct evidence was obtained whioh proves

that the peak of lower energy is tis to @=partioles and not to protons which might

leave the CW nucleus in an exoited utato. 2) foundBut since Baldinger and Euber

that at 2.0 Mev the (n,oi)reaotion la four times aa probable as tho [n,p) reaetion

one would expe~t to find evidenoa of the @,a) reaotion at 105 Mev. ha will be

shown later the energy of’the observed particles agrees well with the assumption

that they aro ~-partiolea.

Th@ differential bias curves obtained enable one to determine the integral

bias uetting to oount the protons nnd 0&partiole8. At each n~tron energy, all

pulne8 counted above One.bias wero assumed to be due to protons. all pulees above

a lowor bias were a8mmed to be due too@particle8 and proton8. The choice of

these biases was subject to considerableuncertainty, and the laok of definition

of the peak8 is the prinoipal cau8e of error in the result8.

‘lho Gounting rato of the nitrogen dumber mm comparedwith that of the
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function of onorgy, the oross seotion for tiao disintogmtion prcrcosaoowero ocanputed

A summary of the roaulta obtained on two dii’farentdays are shown in Fig. 3. !l!he

(n,p) roaotion shown resonames at 550. TOO,and 11450Xev. in the nei&hborhood of’

these reaonanoea the oounting rates tbdauxted presumably because of emall fluctua-

tions in the neutron energy. The tIUa width of the remmanoes maybe narrower than

moa8ured0 sinco the measured width oorrespond8 to what one would expeot due to the

thioknese of the Li target. On the basis of the same argumentO the true height of

tho resonances may also be larger than measured. The (n,@ cross section was

measured at only four neutron energies. The values are indicated by circles in

Fig. 30 ‘fhsreirJa definite indication (see also Fig. 2) that the (n,~) proaess

shows a rouonams at the same energy aa the (n~p) reaction. This is to be expeoted,

sinoe both proooaaes result fzvxnthe disintegration of We same oompount nucleuso

Error8 in the moaaurements of the cross aectione are duo to the following

faots:

1)

2)

3)

4)

It

unreasonable

In

au functions

Laok of definition of the peaks, prfnoipallybeoauae of wall effeota,

Uncertainty in the calibration of the monitor chamber (a better cali-
bration may be carried out in the future),

Lack of resolution of the renonanoes becauae of the energy ●proad of
the neutronse

Large size of the detectors oompard to the distances from the neutron
souroo.

is difficult to estimate the error uausod by these factors. It Is not

to assume that values of the oross sectione may bo in error by 25%

Fig. & the positions of the peaka due to

of neutron energy. The line through the

aation intersects the axia of abscissae at ==’710Kev.

the two reaotionu are plotted

pulse eizos of the (n,p) re-

If one draw8 a line parallel

to that i’or the (n.p) reaotion through the (n,@) pd@ad&= Gr=tion._ooouro at
.
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260 Xev. In Table I the present results are compared with those computsd from the

isotopic.ma8ses given in the Project Eandbook5)

TABLE I

Q(n.p)
(Xev]

Chicago Handbook5) 605

Bonner and Brubaker6) 620

Baldinger and Hubcn?) 550

Tho values

Present mea8upment8 710

and those obtained

Q(n,~
(Kev)

430

.300

-430

4260

by other authors.

of’Q obtained in the present measurements depend entirely on the energy

calibration of the long electrostatic generator. The reasonable agrecqent with

other measurements iI!Jovidenee for the proper assignment of the obse-ed peaks to

the two reaotion8.

If one wants to oampare the observed resonmcee with those previously re-

ported one hae to add the Q 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 the present measurements this yields 1.26, 1.41,

and 2016 Mev for the (n~p) r-@ionJ and 1.19Mev for the (n,~ reaotion. Accord-

ing to Table V @f

lowing energieas

1.75, 10$%. 2000,

these values form

referenoe 3, resonmmes havo previously been reported at the fol-

0.60.0.75,O.W. 1.0501.25, 1.33, 1033ala40a1.42.106O,10&,

2.04,2.0582.15,2.16,2.25Mev and at higher energies. Sinoe

almost a oontinuum within the acouraoy of the measurements, it ie

diffiault ta aay which values fand in the present work might correspond to those

obeorved previously.

5) Cbfx?* HIA, 261.
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