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A measufement of the average fission cross section of
0237 for neutrons of intermediate energies was made by members
of Group P-2. The experimental arrangement is given in Fig. 1,
and Figs. 2, 3, and 4 show the details of the fission chamber.
The chamber had on one side a foil of mp237, end on the other
side a foil mede from uranium which had been separated from the
debris of one of the 1954 series of Pacific shots. The ratio
of the counting rates of the two sides of the chamber was observed
as a function of the time. Since U237 was the only isotope
present having a short helf-life, a time-variation of the ratio
could be related to the 0237 cross section. The neutron spectrum
' was investigated by replacing the USS! foll with foils of P38,
U236, and 0235, and measuring the ratio of fission counting rates
of these isotopes to that of Np237.

Background was found to be negliglble: no counts were
observed when the voltage was removed from the center electrode
with the reactor on, and none were secen with the voltage on and
the reactor off. In order to avoid drift, the electronic circuits
were cperated from voltage regulated supplies, and were kept in
constent temperature caebinets. The circuits were tested, and
discriminator biases set by means of a pulser, before each set
of 6 half-hour runs. The chamber was neither moved nor refilled
during the 0237 measurenents. Bias curves for each side of the
chember were taken before each set of rums, and no changes were
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observed throughout the experiment. To investigate possible
drift of the apparatus, the counting rates of the two sides of
the chamber were separately compared to the plle monitor, a
fission counter imbedded in the top of the bismuth wall which
separates the North Thermsl Column from the reactor core. With-
in the accurecy of the monitor, the Hp237 counti: g rate remained
constant, while that of the U237 decregsed with time.

Masses of the standerd folls were estimated by alpha counting
end pulse height analysis. These measurements were made by
Groups CMR-4 and J-11. The 0235 content of each foll wes measured
by Group J-11 using thermal fission counting techniques.

A megs spectrographic analysis of the material from which
the U237 foll was prepared was made at Argoune llational Iaboratory

(Report ANL-WMM-1217). The results of this snhalysis are given below.

w3, 0.61 £ 0.01 % by weight
236, 0.38 ¥ o0.01
w3, 1.07 £ 0.02
1?38, 97.93 £ 0.02

The U237 content is that which existed at shot time. The
U235 content as determined fram thermal fission measurements was
uged to convert the percent abundances to absolute values. The

composition of the foil st the time counting was started (To) was

found to be:
3, 3.92 x 10  atoms
U236: 2.43 x 101”
w237, 4.95 x 101“
e o o UNCLASSIIED
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Radiochemical anslysis of the foil material is being carried out

by members of Group J-11l. Preliminary results indicate a

value for the U3/ content of the foil which is 20% lower than
that given above. Although the mass spectrographic determinstion
was used in this report, the final results are subject to
correction when the radiochemical measurements have been carpleted.

The Np°3'! foil used 28 a comparison contained 588 x 101k
atems of NpoS!.

The measured ratios of fission counting rate were extra-
polated to zero bilas. The megnitude of this correction, which
arose from differences in slope of the bias curves for the
various foils, was in no case more than 2%. The ratios of
average cross sections obteined from reasurements with the

stendard foils were found to be:

5 3 5
=2 = 0, g2 = 88, = = o
3 - 31 | 37 ,

The ratio of the fission counting rate of the U237 foil to

that of the Np237 foll is given by the expression:

- - = “At “At

%5 + Npg  Tpg + Npg Tpg + Ny Tpt Ny Ty o Ny Ty (Lee™™)
M7 %%

where N; = atoms of isotope "i" in the UP3! foil at t = O.

NQS

N37 = atoms of Np237 in the comparison foil.

31 = &average cross section of isotope "i".

A = decay constent of U237 = 0.1027 day T.

UNCLASSIFIED
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This may be written

-At
R= A+ Be
vhere
N = N g, N.. + N
2 26 26 Mg %8 27 37
A = éz. . :—— + - Tm— + ° .—-—— +
X ey W ey T Wy g %
s_ 1Y !
N7 “37
The experimental data are shown in Fig. 5. The solid curve
-At
wvas obtained by fitting a curve of the form R = A + Be A to the

experimental points by the method of least squares. The constant A
wag chosen to correspond to a half life of 6.75 days for 11237

The values of the constants, when corrected to zero bias, to-
gether with the standard deviations obtained from the dispersion

of the experimental points, are:

A = 0.,1626 £ 0,0001 B = 0.008: * 0.0001
From B we cbtain 927 = 2.00
2
37

To interpret these results, it is necessary to construct s
neutron spectrum which, when combined with the known fission cross
sectione of U235 ’ 0236, 0238, and Np237, will yield the experi-
mental values of the ratios of average cross sections.

The low-energy erd of the spectrum is determined by the B:I'o
absorber which surrounded the chamber. Boron enriched to 82% BL°
has a thermal cross section of 3270 barns. The cross section obeys
& 1/v law up to approximately 10 kev, and then is constent. If

the attenuation of the boron absorber is arbitrarily set equal

to 1 at 10 kev, then the attenuation rema.:.ps o1 at h‘ﬁ‘jr\‘anemés}‘:ﬂ

.'
andisequaltol3le272
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At energies below the lower limits o:r the fission spectrum
and of inelastic scattering, the neutrons should follow the 1/E
distribution characteristic of slowing down in e moderator. We
therefore assume that, for energles below 100 kev, the neutron
spectrum follows a 1/E law as modified by the boron attenuation.

Measurements of the spectrum above 1 mev by J. L. Evans
(Report 1A-1395) indicate a distribution resembling a fission
spectrum above 1.5 mev comnected to a function which increases
rapidly as one goes to lower energles.

The above forms of the two ends of the spectrum were used
as starting point of a trial and error construction of a spectrum
which would give the measured values of the average cross sections.
Values of the fission cross sections used in this process were
teken from Reports IA-1495, BHL 170 and BNL 1TOB.

The average value ¢ of a cross section & (E) over a flux
distribution ¢(E) is given by

3 =ﬁxg) (%) cm/ﬂ(z) ax
This is the same as
5= [5 46 o) §/ [z o) §
srwelet Y (B) = E §(E) and dE/E = C d(log (E), then
8= V(D) ¢(®) a(logqe)/f W(E) d(10g;cp)
This expression may be approximated by
3= £ Wik, o(E,) AllogE) TYE,) A(1og )
A range of 10 ev to 10 mev was chosen for E (logjoE = J(.\.‘%‘c“

AR
to 7.0). A uniform intervel of 0.l was taken for (&QQ;QJ‘_OE Table \
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1 gives the values of E, (Tés, C7é61 0‘37’ 028 together with

the assumed values of'ﬁr which gave the finsl fit. Figure 6 showsqf
as a function of logloE. It is to be noted that the neutron flux
between any two energies is proportionsl to the area under the

curve between these energies. The ratlios of average cross

sections as camputed from the proposed spectrum, and as measured

experimentally, are given below:

Ratio Calculated Experimental
s/ 6‘"‘37 8.83 8.8

T26/ G357 0.269 0.27

5'28/ o"’37 0.0921 0.091

The calculsted average cross sections for the proposed spectrum are

35 2.88 barns
Y236 0.088
il 0.030
wp=3( 0.326

The above value of the Np237 cross section together with the
measured value of 6557/CF§7 result in a value of 0.65 barn for
the fission cross section of U237 averaged over the gpectrum of
Fig. 6.

| The peak in the neutron spectrum between 100 kev and 1 mev
may be due to the presence of the bismuth between the chamber and
the reactor core (see Fig. 1). As an auxiliary experiment,

neutron spectra were messured with the chamber partly retracted,

end with varying emounts of graphite between the chamber and the
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bliamuth. It was found that the peak at ~v 300 kev decreased
with respect to the 1/E portion of the spectrum as the thickness
of the graphite was increased.

It is difficult to state precise limits on the accuracy of
the results of this experiment, since several of the sources of
uncertainty can be estimated only subjectively. If the J-11
value for the mass of the foll is used, the U‘?37 cross section
is increased by 10%. We feel that, apert from the uncertainty
in the mass of the foil, the average cross section of 0237 has
been determinéd to T 10%. The proposed neutron spectrum may
be divided into four regions by the threshholds of Np23, U°30,
and U238, and it is believed that the relative flux in each
region is known to *10%. The uncertainty associated with indi-

vidual points on the flux distribution is considerebly greater.
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DOUBLE_FISSION CHAMBE!

I\

NORTH- SOUTH SECTION OF THE LOS ALAMOS WATER BOILER (SUPQ)

Figure 1. A schematic view of the Los Alamos Water Boiler showing the
loecation of the fission chamber in the reactor.
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Figure 2. The boron shielded double fission chamber. The
center high-voltage electrode carries a foil on each side. The

two outer plates serve as collecting electrodes.
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A photograph of the fission chamber with the cover removed.

Figure 3.
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Figure k.

A photograph of the fission chamber showing the method of removal

of the foils.
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Eggure 5. The ratio of the counting rate of the side of the chamber containing
7 to that of the side containing Np237 The solid curve was obtained by
fitting a function of the form R = A+Be~0-1027Tt 5 the experimental points
by the method of least squares. A half-life of 6.75 days for U237 was assumed.
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Figure 6. Proposed neutron spectrum present in the fission chamber. Total flux between
e between these energies.
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