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The total cross sections of nitrogen and oxygen have been measured from
35 Kev to 750 Kev. The slowing-down lengths of neutrons of approximately L50 EKev

and 850 Kev has been measured in a large liquid-air bath using cadmiumecovered in-

dium and 25 detectors., A discussion is given of the capture of neutrons in air by
the nitrogen n=p process, of the effective detection energy for a 25 detector, of
the absolute calibration of the source strength from counting rates in the detector,

and of the position of the 25 detector least sensitive to primary-neutron energy.
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SLONING DOWN OF NEUTRONS IN AIR

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 cadmiwrne
covered 25 fispion detector. FEmergent fast neutrons are scattered and slowed down
in the air, diffusing outwerd from the source. Knowing the scattering cross
soctions of the nitrogenl) and oxygen in the air as a function of scattering angle
and energy, the neutron distribution at energies considerably lower than that of
the source and at not too great distences can be predicted by ege theory. For ths
actual test, serious corrections must be madse for moisture in the ai:e) and for the
effect of the groundj). It was thought useful to check the slowing-down lengths
Lg = /T (T is the age) computed from the total cross sections, essuming isotropiec
scattering in the c.g. system, against the observed slowing-down length in liquid
air,

The observed differentinl deta are plotted in Figs. 1 and 2. The oxygen
cross section is uncertain in the region from epithermal energies to approximately
250 Kev, but is bounded closely enough for present purposes. Energies of less than
1 Mev are of interest here since the spectrum of delayed neutrons from fast excita-
tion of L9 very probably lies in that region; it is hoped to investigate this

spectrum sd0n. 'Sodium azlde, sodium nitrate, and metallic sodium were the

soatterergkused. The experimental setup was the esame asg in LA=256. No data were
taken on the angular distribution of scatterinpg.
In Table I is presented the slowing=down length in air density .00l

grams/cc, oxygen content 20%, as & function of final energy taking 1 Mev as the

1) For total cross section in the region from thermal energies up to 1 Kev, see
AM=1211, Rainwater and Havens.

2) ¢f. LA-250 by Weisskopf.
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primary source of energyh). To get the slowing-down length in liquid air of the

same composition this must be multiﬁlied by the ratio of densities, which is 870.

Design and construction of the liquid-air tank for the integral experi-
ment and producticn of the liquid eir in Y Building were handled by G.E. Moore and
co-workers of group X-L;» The dimensicns were chosen large enough so that measure-
ments along the axis simulated the infinite medium fairly closely. A butane tank
was cut down and rewelded to the desired length, slotted to admit movable neutron
detectors, and suspended in a container of thermal insulator, as shown in Fig. 3%,
The terget tube of the long electrostatic generator in W was introduced into &
stainless-steel tube welded into the liquid-air tank. The tank was filled with
approximately 880 liters of liquid air produced at the rate of 70 liters per hour
of continuous running. The composition of the liguid air wes determined by a nitro-
gen vapor pressure thermometer; it was found that the liguid eir produced with the
present arrangement of the Y Building plant is 27% oxygen instead of the 217 in
.normal air. It had been anticipated that the locses from the liquid air tank would
have to be met mainly with commercial liquid nitrogen because evaporation leaves
the liquid air oxygen rich. But the commercial "liquid nitrogen"” varied in oxygen
content from 5 to 35%, and it proved imposeible even with the large quantities
available to reduce the oxygen conteat below 24 ¥ 1% where it wes held throughout
the experiment. The heat leak loss of the tank was only 7% liters per hour.

The neutron intensity was atudied primerily along the axis in the forward

direction from the target. The neutron source strength was celibrated absolutely

R ]

1) Age theory was used since a more rigorous celculation (based on HM-223 by
Marshek) showed that the slowing-down length computed by age theory was low by
at most 5% in the evergy range consldered... s

[ —— e
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25 _ :::::T::f,iw“ V,W:W,
Total

with a standard RaBe source in a manganese bath comstructed by C.M. Turner.
ylields at the four energies used, from the p~n reaction on a 100-Kev-thick lithium

target, are given in Table II.
Cadmiun~-covered indjum~-foil detectors were placed successively at seven
Indium

positions out from the target along the axis, and at a few off-axis points,
foils were calibrated for absolute ssnsitivity by the known neutron distribution

from a standard RaBe source in the G Building graphite block.
A 25 spiral chamber was built for operation in liquid air and filled with

This measured the relative sensitivity of a 25 detec-

neon gas at 15 atmospheres,
tor as a function of distence from the target and primery neutron energy, but did

not give an absolute calibration of counting rate per primary neutron because the
One of the msets of 25 plates for

sffective mass of 25 in the chamber was unknown,
uge at Trinity was calibrated in the liquid-air bath and has also been compared
Table II also

with a known 25 foil to give its absolute detection efficiency.
givaes source strength Q as computed rrom the indium and &5 data. If the strong
forward agymmetry of the source were evident in this data the manganese bath data,

which give the total scurce strength, would show a lower ¢ than is computed from
As sesn in Table II, a aﬁbatantial cor-

the data taken in the ferward direction.
rection had to be made to the computed source strength because of absorption of
In the age theory approximation the observed

neutrons by the nitrogen n-p reactien.
glewing-down density q at a given ¢ is equal Yo the predicted q times a factor

where A, is the mean free path for the absorption process and Ag
In the oase of a 1/v absorption and isotropic

e“Jf (E/Xaxﬁ)dta

the scatiering mean free path.
scattering this gives simply e°2°h/503 where g, is measured at the energy in ques=-
tion. The nitrogen is assumed to have a /v cross section from its thermal velue

’ 1
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of 1.5 ¥ .2 barnas) up to where Barschall’s data are mvailable. The oxygen is ag-
sumed to have & negligibly small capture cross section.

The 10% agreement between the source strengths computed from the indium
nd observed with the manganese bath indicates that the anisotropy of the source
does not affect materially the inteneity at large distances. The 25 absolute calil-
bration agrees within its large experimental error due to low intensities and liquid
air lemking into the container.
The solid lines in Figs. L, 5, 6 and 7 give the counting rate A (in arbi-

trary uaits) of indium and 25 detectors at various energies as a function of the

higher energies than the 1l.ll, ev resonance. This is in qualitative agreement with

computed from age theor

distance z (along the axis) from the source. There is an appreciable increase in

the indium counting rate near the source, apparently because of excitation of

the fast-excitation date of 1LA=211, and also the effect has been observed in greph-
ite. Part of the discrepancies between theory and experiment in LA-38 may be due
to fast excitation, The fast-excitation effect is considerably stronger for the 25

detector. The dotted iines in Figs. L4, 5, 6 and 7 represent the theoretical curves
6)

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

fit wae obtained with the observed intemsity distribution in the bath at a distance

greater then one slowing-down length. At such digtances the deviations from age

‘theory due to fast excitation become negligible. In obtaining the theoretical

curves, an extrapolated end-point of L cm was added to all dimensions.

T5) Reinwater end Havens give the total cross section up to 1 Kev as a constant, 9.7
barne, plus a 1/5¥ term (presumably due to absorption) with the thermal value of
3,8 barne. Other measurements give 1.3 to 1.7 barns as the thermal absorption
cross section.

6) cf. BN=Thl by Courant.
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For the indium resonasnce detesctor the age ié‘ﬁéé;ﬁfed from the scmewhat
blurred primery-source encrgy to the emergy of the narrow resonence, snd the activity
of the detector is proporticnal fo the number of neutrons per ce times the velocity
in the energy interval containing the resenance. A detector with a 1/v cross section,
as is 25 %o a rough first approximation, counts neutrens of all energies weighted ac-
cording to the neutroﬁ-density, The observed age for 25 is thus an average of ages
from source energy down to many energles, and will changs somewhat from plase to
place as the spectrum of neubrons in the slowingedown medium changes. The mean de-
tection‘energy for 25 obtained by using its known cross section(i.e. toking account of
the deviations from a pure /¥ law)is 20ev in the region in which the-data are matched by
the thesoretical curve. This means nergy corresponds to the energy ¢f a monochromatia
resonance detector which would give the same slowing-down length. The mean energy of
detectien as computed from the ratio of slowing~down lengths for the indium and 25
detectors is 7 ev from the 250-Kev data and 80 ev from the 850-Kev data. The wide
disorepancy betwoen these two values is not serious since they are obtained by tak-
ing the difference between two very large numbers, namely the ages down to the in-
diun resonance level and to the mean detection energy of 25. 1t is apparent from the
curves that more careful matching would bring these values into better agreement,

For the purposes of the Trinity test, the total age is the quantity which determines
the neutron intensity and this is very insensitive to the value of the mean detection
energy as long as it is below, say, 100 ev. No detailed correction has besn made for
the intensity and energy anisotropy of the source, but a reasonable guess from the
known angular distribution indicates that the effective source energy should be taken
as 350 Kev instead of L50, and 850 Kev instead of 950. The observed slowing-down

lengths must be scortened by 1.7% to correspend to 20%-oxygen concentration.
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It was of particular importance to locaﬁe the 25 detector at Trinity in a
position insensitive to the encrgy of the source neutrons. A region of minimum
sensitivity is at such a distance that 3q/3T = 03 for the infinite medium this is
at r= ¢Q?f. This was tested in detail by taking the counting rete in the 25 chamber
as & 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. 8, along with the expected values in the intinite
medium. The finite cylindrical geometry distorts the relative shapes of the curves
toward the far end of the bath and brings the theoretical values into better agrec-
ment with experiment. |

A comparigon of the slowing-down length from 350 Kev to 1.LY ev obtained
from the liquid=-air-bath measurements with thé differential value read off from
Table ] shows that the former is 8% lower than the latter. This is within the ac-
curacy of the measurements, particularly since the differential cross sections are
unknown between 1 and 35 Kev,

The ratiec of counts, at approximately three slowing-down lengths from the
target, for an uﬁcovered indium detector to a cadmium-covered indium detector was
1.36, a qualitative check that the nitrogen capture cross section prevents neutrons
from existing much bslow .2 ev.

The off-axis data arc tabulated in Table II1. While the off-axis to on-

axis ratio is some 20% lower than predictsd, the independence of that ratio on 2 is.

a check on age theory for the finite cylinder.— o oro oy
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TABLE 1
Egey 2(en® x 10°8)
in air at .001 gm/cm?
700 0
600 L3
500 17
L00 1,06
350 1.29 From 350 Kev t§ 144 ev
300 1.51 /T =/(5.80-1.29) x 10° = 2,12 x 1%
200 2.13
' For liquid air
e B /T = (2.12 x 104)/870 = 2.4 om
Lo 3.L7
20 2.82
10 L.05
N L.28
1 L .66
o3 5,00
.01 5.43
00144 5.80
.001 5.86
.0001 6.30
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TABLE II
neutrons x 10-8 per micrecoulomb
max Mangene se Indium 25
in Kev En offective bath Uncorrected Corrected | Uncorrected Corrected
250 .80
500 350 1.54 1.1 1. <95 l.2
750 1.10
1000 850 1.00
TABLE III
Dietance from Fraction of Ratio(on axis/off axis)
Mean Energy source along radius off
Kev axis in cm axis Experimental Theoretical
350 22 - 1/2 +56 -65
3/ «35 =39
52 1/2 5L .65
850 22 3/4 .33 39
52 3/, .31 -39
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