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The total crms sections ~f nitrogen and oxygen have been measured from

35 Kev to 750 Kev. The slowing-down lengths of neutrons of approximately 450 Kev

and 85o Kev haa been measured in a large liquid-air bath using oadmium-oovered in-

diwn and 25 deteotors. A discussion is given of the capture of neutrons in air by

the nitrogen n-p prooe~s$ of the effective deteotion energy for a 25 detector, of

the absolute calibration of the souroe strength from oounting rates in the detectorO

and of the position of the 25 detector least sensitive to primary-neutron enengy~
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In order to find the nuclear efficiency of the Trinity test the number of

delayed neutrons coming out of the rarefied gadget was measured with a cadmium-

oovered 2j fission detector. Emergent fast neutrons are scattered and slowed down

in the air, diffhsing outward from the souroe. Knowing the scattering cross

sections of the nitrogen1, and oxvgen in the air as a function of scattering angle.

I
and energy, the neutron distribution at energies considerably lcwwr than $hat of

the source and at not too great distances can be predicted by age theory. For &he

actual temt$ s~riou~ oorrectiona must be made far moisture in the air2, and for the

effect of the ground~). It was thought useful to check the slowing-down lengths

I
L,= R (f is the age) computed from the total cross sections, assuming isotropic

I scattering in the e.g. systemj againat the observed slowing-down length in liquid

I
air.

The observed differential data are plotted in Figs. 1 and 2. The oxygen

I cross se~tion is uncertain in the region f’ronepi%hermal energies to approximately

I
I 250Eev, butisbounded closely enough for present purposes. Enemgi@SOf h3S8 *an

1 Mevare of interest here ~ince the ~pectrum of delayed neutrons from fast excita-

1 tion of 49 very probably lies in that region: it is hoped to invefitigateWAS

I spectrum %ono Sodium az~.de~sodium nitrate. and metallic sodium wre the

I :,..
I soatterer~ used. The experimental setup ~S the ~~e as in IA=256” NO *ta were

taken on the angular distribution oi’BcatterhgO

In Table I is presented the slowing-down length in air density ~001

gramq’cc, oxygwa content 2V0, as a funotion of final energy ts.king1 Mev as the

1) For total cross section in the region from thermal energies up to 1 Kevs see
AM-1211~ Rainwater and Havens.

2) cf. LA-250 by VJeisskopf.
——–- _a______ ........J

~ 3) Cf. LA-257 by Bellman and Marshak.~~-_--Z
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4). To get the slowing-down length in liquid air of theprimary source of energy

same composition this must be multiplied by the ratio of densities. which is 87o.

Design and construction of the liquid-air tank for the integral experi-

ment and production

co-workers of group

of the liquid air in Y Building were handled by G.E. Moore and

x-b. The dimensions were chosen large enough so that meamre-

ments along the axis simulated the infinite medium fairly olosely. A butane tank

was out down and rewelded to the desired length, slotted to admit movable neutron

detectors, and suspended in a oontainer of thermal insulator, as shown in Fig. 3.

The target tube of the long electrostatic generator in

stainless-steeltube welded into the liquid-air tank.

approximately 880 liter6 of liquid air produced at the

W was introduced into a

The tank was filled with

rate of 70 liters per hour

of continuous running. The composition of’the liquid air was determined by a nitro-

gen vapor pressure thermometer; it was found that the liquid air produced with the

present arrangement of tho Y I$uildingplant is 27% oxygen in~tead of the 21% in

normal air. Xt had been anticipated that the losses from the liquid air tank would

have to be met mainly with commercial liquid nitrogen because evaporation leaves

the liquid air oxygen rioh. Mt the commercial

content from 5 to 35$* and it proved impos~ib~e

available to reduce the oxygen content below ~

the experiment. The h~at leak loss of’the tank

“liquid nitrogen” varied in oxygen

even with the large quantities

~ 1% where it was held throughout

was only >~

The neutron intensity was atmdied primarily along

directicm from the target. The neutron source strength was

liters per hour.

the axis in the forward

wdibrated absolutely

~) Age theory was used since amore rigorous calculation
Marshak) showed that tho slowing-down lmgth computed

(baaed on BM-225 by
by age theory was low by

at most fj~ in the energy range ccmdxkrmi.-. -~—.-————
-.z .-
—.
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wtth a dxuxiard RaBe source in a manganese

yields at &he four energies u~odo from the

target, are given in Table Ii.

——.. .—. -.—.. ——.—..——.. —...—.. ..——. — —

bath constructed by CJL Turner. Total

p-n reaction on a 100-Kev-thick lithium

placed f3ucceaF3iTalyat seven

a few off-axis points. Iridium

foils ware calibrated for absolute sanBitivi’tyby the known neutron distribution

from a standard Rs@ source in the G Building graphito blook~

A 25 spiral chamber was built for operation in liquid air and fi,lledwith

neon ga~ a+ 15 atmcmpheroso This measured the relative sensitivity of a 25 detec-

tor as a funotion of distance from the targ~t and primary neutron energy, but did

not give an absoluto calibration of’count$ng rate per primary neutron because the

effectivo IW3SaOf 25 in the chambcm VJtlS L@CIIOWE1. (km of the w3t6 of 25 plates for

uso at Trinity WR8 calibrated in the liquid-air bath and has also been compared

with a known 25 foil to give i’toabsolute detection efficiency. !fablo11 also

gives source strength Q as computed I’romthe iridiumand 25 data. Ii’the strong

forward aqmmetry of the SOUrQe ~~re evident in this tits the mnganese bath data,

which ~iVt3 the

the data taken

rection had to

total smrco strengthS wcmdd show a lower Q than is computed from

in the forward direotion. As seen in Table 11, a substantial cor-

ba made to the computed source W?ength because of absorption of

neutrons by the nitrogen n-p reaction. In the age theory approximation the observed

slowing-down density q at a given t?is aqual to the predioted q times a factor

.-f: (3AQ ha)df , where Aa is the mean free path for the absorption process and~~

oam of a l/v absorption and isotropic

where crais measured at the energy in ques-

a J./vcross-ti.cn.fr~m its the-l value-. .—______....._———— ----

~—----”--” ‘
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.2 barnsb~ up to where Barschall~s data are ~vailable. The oxygen

The 10~ agreement between ,thesourco strengths computod from the iridium

ration agrees within its large experimental error due to low imte+nsities

h leaking into tho container.

The solid lines in Figs. 4, 5, 6 and 7 give tho oounting rate A

miry units) of iridium and 25 detectors at various energies as a i’unction

and liquid

(in w-bi-

c)fthe

.istanoez (&long the axis) from the sourco. There ie an appreciable increase in

:heiridiumaountd.ngrate near the source, apparently because of excitation of

Lgher energies than the 1.44 eV reso~ne@~ Thi8 is in qualitative agreement with

;hefast-excd.tati.ondata of LA-211, and also the effect has been observed in graph-

,te. Part of the disorepanoies between theory and experiment in M-58 may be due

;0fast excitation. The faat-excitation effect is considerably stronger fortho 25

eteo$or. The dotted Lines in Figs. 4$ 5, 6 and 7 represent thp theoretical curves ‘

6)omputed from age theory .

The slowing-down length shown with each curve was chosen so that tho best

it was obtained with the observed intensity distribution in the bath at a distance

,reaterthan one slowing--dawn~engtho At such di6tanceG th~ deviations from age

heory due to fast excitation become negligible. In obtaining the theoretical

urvesO an extrapolated end-point of 4 cm was added to all dimensions

Rainwater and Havens give the total cross secticmup to i Kev as a constant, 9.7
barns, plus a 3/’vterm (presumably due to absorption) with the thermal value of
~.8 barn~. Other measurements give 1.3 to 1.7 barns!as the thermal absorption
urOss seotiono

Cf. BM-7ti by Couran%. .
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For the iridiumresoxmme de%octor the age 5.smeasured from the somewhat

blurred primary-6ource energy to the arwrgy of’the narrow resonance, and the aotivity

of the detector is proportional to the number Qf’xmutrons pm cc times the velocity

in the energy interval containing the resonance. A detector with a l/v oross secticma

as is Z5 to a rough first approximation, counts neutrons M all energies weighted at..

cording to the neutron density. The observed age for 25 is thus an average of ages

from souroe energy down to many energiea$ and will change somewhat from place to

place aa the spectrum

tection energy for 25

the deviations from a

of neutrons in tineslowing-down mediwm changes. The mean re-

obtained by using its known cross section(i.e.ta.kingaomunt of

pure ~law)is 20ewintheregion in which the dat~ are matched by

the theoretical curve. ‘l’hismeans nergy corresponds to the energy of a monochromati~

resonance deteotor which would give the same slowing-down length. The mean energy of

deteotion as computed from the ratio of slowing-down lengths for the iridiumand 25

doteotora is 7 em from the 350-Kev data and 80 m from the 850-Kev data. The wide

disore&ncy belnwxm the~s two value~ is not seriouo since they are obtained by tak-

ing the difference between two very %argo numbers. namely the ages down to the ir-

curves that more careful matching WOUld bring them values into better agreement.

For the purpoa$a of the Trini*yte~t, the total age is the quantity which determines

the neutron intensity and this iS very insensitive to the value of the stcxandeteotion

energy as long as it is below, say, 100 QV. NO detailed correction has been made for

the intennity and energy anisotropy ol’the ~ourco. but a reasonable guess from the

known angular distribution inticates that the effectivo source energy should be taken

as 350 KCJWinatoad of 450, and 850 Kev instead of’950. The observed slowing-down

.
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It was of particular importance to locate the 25 detector at Trinity in a

position insonsiti’veto the energy of the.source neutrons. A region of minimum

sensitivity is at such a distance that bq/d~= 0: for the infinite medium this ia

at r=@. This wastested in detail by taking the oount~.ngrate inthe25 chamber

aQ a function of distance in this region for four different energies~ with the

source strength normalized by manganese-bath calibrations+ The approximate cross-

over points are shown in Fig. 89 along with the expected values in the inf’inite

nedium The finite cylindrical geometry distorts the relative shapes of the curves

toward the far end of the bath and bring&ithe theoretical values into better agree-

ment with o~eriment.

A comparison Of the oiowing-down

from the Uquid-air-bathmeasuramts with

length from 350 Kev to 14.4 ev obtained

the differential value read off from

Table I shows that the former is 8% ~ower than the

curacy of the meafiurementsjparticularly sinue the

unknown between 1 and 3.5Em.

latter. This is within the ac:

differential oross sections are

The ratio of oounts, at approximately three slowing-down lengths from the

target, for an uncovered iridiumdetector to a cadmium-covered iridiumdetector was

1.36, a qualitative check that the nitrogen capture cross seotion prevents neutrons.

from existing much below 02 ov~

The off-axis data are tabulated in Table 111. While the off-axis to on-

axis ratio is some 2% lower than predicted, the independence of!that ratio on z is

a cAeek on age theory for the finite cylinder.==--- ---::=~55—— .-“,”“-.”...~d-..—. .—. ---. -J— ..
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T’ABLRI

qcxn2 x 30”8)

in air at .001 gm/em~

o

.43

.77

1.06

2.85

3.47

3.82

4.Q3

4.28

4.66

5000

5.43

5.80

5.86

6.30

-.— ____ —— .~%
. .._——.

J?rom 350 Kev to 1.W ev

For liquid air

fi = (2.32 X N#)/870 = ~,~ Cltl

—— ...—.—.-. --_—_
.-
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TABLE II

neutrons x 10-8 per m

Iridium
Uncorrected Corrected

E#M&
F= effective

Manganese
bath

25
Uncorrected Corrected

250

500

750

moo 850

.80

la%

ado

1*OO

350 1.1 104 O%

TABLE III

Ratio(on axis/offFraction of
radiua off
axi8

Distance from
source along
axis in cm

Mean Energy
Kev Experimental

1/2

3P.+

1/2

30.+

350 22 ,65

039

.65

●39

.39

52

85o

.

22

52

.———
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