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ABSTRACT

The fission cross sections were measured in a double chamber
with thin foils using the 1) Mev neutrons from the D-T reaction.

The results are listed below:
for 0}(28) = 1.13 + .03 barns

%E_Z_:_;_ = 0.303 + 0.006 Gp(02) = 0.34,40.01 barns
0¢({23) w227 % 0.05 Tp(23) = 2.56 & .10 barns
0 <(28)
Gf(25) =1.91 ¥ 0.05 ff(es) = 2,16 4 .09 barns
0 ¢(28)
Fel26) 216 1 Te(26) u 1,84 1.1 varns
g(28)
0ell9) =155 & .06 9 = 1.75 + .09 barne
0e(28) B
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Absolute measurements of a ocross seetion are in general difficult
to do precisely. Determinations of relative érosa sections can be done
with greater speed and aocﬁraoy. Consequently the procedures followed
in measuring the oross sectioms of 02, 23, 25, 26, and h91 was to deter-
mine them relative to O'r(ze), the absolute cross section of which was
knowne.

The comparisons were made by placing the foils of fissionable
material ﬁack-to-buck in = double ionization chamver. Fission pulses
from the two foils were counted simultaneously, thereby eliminating the
necessity of either determining the neutron flux or monitoring it. The
chamber was filled with argon or krypton between 35-60 cm. pressure and
electron collection was used. The pulses occurring in the two portioms
of the chamber were fed into separate model 500 amplifying systems and
then counted in separate scalers. A ten channel discriminator was con-
nected alternately to the two smplifiers. The pulse-height distributions
80 obtained were used to set the scaler biases and to monitor these
settings continuously. The biases were adjusted such that the number of
pulses recorded b& the socalers would equal, as closely as possible, the
number of pulses due to fissions. In most cases this could be done ac=
curately because the peak due to fissions was well separated from the
low energy peak due to & particles and reactions in the argon. The
gas pressure was adjusted to an optimum value for each measurement by
balancing the gain of a large signai-to-noiso ratio at high pressures

against the gain in the greater separation of the fission and background

1The isotopes are identified throughout by a code using the combination
of the terminal number of the atgmjo number and the terminal pumber of
the atomic weight, thus thorium g}? ge ga ahd jyrapnkum 235 is 25.

21“&-719. ®® 000 000 o000 oo
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peaks at lower pressures. Fast a}ipi‘ﬁfi;era.:".oig, yeed to keep the O4 pile-

up at a minimom.

The foils were prepared by John Povelites of Group CMR-l. Platinum
foils 1-3/8 inch in diameter and .002 inch thick were coated with about
one milligram of active material. The active area was . circle one inch
in diameter. Self-absorption corrections were not necessary because what
is used is the ratio of such corrections, each of which is very nearly
equal to one.

The weight of the material deposited on the foils was determined by
weighing. This could be done with an sccuracy of better than one percent.
However, there are inherent errors in the chemical processing, the mag-
nitude of which cannot be estimated.

When the quantity of source material is large (as in the case of
02, 25 28, 49), the actual weights are probably correct to the above
acouracy. When the gquantity of source material is of the order of milli-
grams or less (as in the case of the 23, 26), the composition of the
source matorial can be greatly in error. Im such cases, the weight of
the active mteriaI. is determined, when possible, by methods other than
direct weighing.

The indirect method used to determine the 26 foil weight will be
desoribed in the section on 26 measurements. The 23 foil weight given in
this paper was determined by direct weighing. I% is planned to weigh it
by the method used for the 26 foil.

The 1 Mev neutrons were produced on the Z-building Cockoroft-Walton
accelerator using the D(T,n)ﬁe‘ reaction. All observations were made at

90° to the incident beam.
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The design of the chamber exd thq exxqrimegtAl arrangement are

shown in figure 1. A typical pulse~height distribution is shown in

figure 2.

T(28)
The absolute oross sections of 02, 23, 25, 26, L\9 were cal-

2

culated using q;(ae) = 1.13 4 .03 barnms.

g, (02)
Fission pulses with energy less than the bias erergy, and

therefore not counted, were estimated to be one to two percent of the
total number of fissions observed for both the 02 and 28. The ratio of
these corrections becomss one and the individual corrections are unneces-
sary. The observed ratios were corrected for the difference (two percent)
in the neutron flux at the foils. The results are listed in Table 1.
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*(Ratio 02 fissions to 28 fissions cor-
rected for flux difference = Ryo)

Run -2:
1 0.330
2 0.330
3 0.335
L 0.333
5 0.328
6 0.323
7 0.%2,
8 0.342
9 0.338

10 0.3L4

11 0.332

12 0.318

13 0.340

*The average Rgo = 0.332 probable error 2 percent.
28

Total 02 counts = 12,53,

Total 28 counts = 37,819.

About 970 02 counts for each run.
Mgy = Wt. 02 metal = 1,09 milligrams.

mpg = Wi. 28 metal = 1.02 milligrams.
Argon pressure 57 cm.

092 LRy . meg . 230
0p(28) 3@ &y,

= 0.3%32 ¢+ 1.02 . 232 = 0.303 + ,006
T.09 %38 -

0,(02) = 1.13 . 0.303 = 034 ¥ 0.01 varns  o¢ oo
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0}(25) The high 25 oross seotioiz .iors lov: xiorg.b'neutrons necessitated

covering the chamber with cadmium to cut out near thermal neutrons. The
o‘bservoci 25 fission rate still had to be corrected for fissions caused
by low energy neutrons icattqud from the water tanks surrounding the
source area. lo determine the magnitude of this correction a cadmium
covered 25 spiral chamber was used to measure the neutron flux as a
function of distance from the source. The flux was then analyzed into
two components. One, a function of the inverse sguare of the distance to
the source, was the component of 1 Mev neutrons from the sourca. The
other was an approximately constant component of scattered neutrons with
energies below 1l Mev and above the cadmium level. It was also necessary
to make a correction in run #1 for the effect of cadmium neutrons. The
correction was determined frem 25 spiral chamber measurements. The

resul ts are in Table 2.
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Corrected ratio of

Cm. from Correction for 25 fissions to 28 fis-
Run source soattered neutrons sions = n%
1 (mo Cd.) 19.04 .965/1.10 = .88 1.91
2 Cd. 19.04 " 1.87
3 " 19.04 . 2.05
| 19.04 v 1.99
5 " 19.04 b . 2.18
6 " 11.9 .980 1,99
7T " 11.9 " 2.08
8 " 11.9 . 2.06
9 " 11.9 * 1.92
0 * 11.9 " 2,02
nmn " 11.9 . 2.04
12 " 9.9 «990 1.98
13 v 9.69 . 2.01
u 9.69 . 2.02
15 " 9.6 . 1.95
16 " 9.9 . 2.06
17 " 9.69 - 2.08
18 " 9.69 . 1.97
19 " 9.'69 . 2.06
2 " 9.6 » 2.16
a:- " 9.6 " 1.92

Av, = 2,02 probable error
2.6%

Total 25 counts = 20,000.
Total 28 counts = 11,000 with about 900 28 fissions per run.
Yog = We. 26 foil = 1.09 mg. metal.

mpg = fraction of 25 in "25" foil = 0.957.
mpg = fraction of 28 in "25" foil = 0.043.

oo o & o
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The observed ratio of fissions i'a °given by

n% = Wo(mys  74(25)/235 + mpg o';(es)/zae)

Mg €, (28)/238

T(25)
q (28

%2
EERETE

191 1+ .05 berns

i
g

...a

0(25) = 191+ 1.13 = 2,164 0.09 tarns

APROVED TUR TUBET C RECEase
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q-f(23) Measuremsnts of the ratio 0'f(23 were made with cadmium
‘fz 28>

surrounding the chamber. The contribution to the fission rate made by

epi-cadmium neutrons was deterniped by meesuring the 23 fission rate as
a function of distance of the chamber from the source. Ihe results are
summarized in Table 3. A correction ( < 1%) was made for the relative
foil positions with respect to the source. Krypton at a pressure of

30 cm. was used in the chamber for the 23, 26, and L9 measurements.

Table 3

R(%)l ratio of observed 23 fissions
to observed 28 fissions cor-
rected for foil position, epl-

Run cadmium neutrons
1 2.35
2 2.31
| 3 2.36
L 2.
5 2.28

Av. = 2.35 with probable error of 2 percent

Total 28 counts observed = 35,000,

M23 = weight of 25 foil = 1,05 mg. metal.
mpg = fraction of 28 in 23 foil = 0.97.
mp3 = fraction of 23 in 23 foil = 0.03.

Mog ® weight of 28 foil £ 1.017 mg. metal (100% 28).
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0;(23) - 23 fissions '28 -.;28 2 _];_ .8 .98 23 Pissions - 003
q,(28) 28 fissions Moy n23 '?% f£issions

- 0098 4 2.35 - 0003 = 2.27 1- 005 barns

0:(23) = 2.27 + 1.13 = 2.56+ 0.10 barns

02(26)  1wo urenium samples enriched in 26 were received from Oak Ridge

with data on their isotopic composition.

Foils made from these samples were compared with a standard 25 foil
in the thermal neutron flux of the standard pile and in a 500-700 Kev
neutron flux. These last neutrons were made in W building with the
Van de Graaff accelerator using the T(p,n)He3 reaction.

Botﬁ of these measurements and an assay by total O-count indicated
a large error in (a) the isotopic amalysis; (b) the chemical composition;
and/or (c) the total weight of the 26 foils.

A precise mass spectroscopic analysis of the 26 was then made at
the Argonne National Laboratory by Mark Inghram. This ansl ysis (which was
different from the original O.R. anel ysis) combined with the data already
acquired showed that the material deposited on the foils was not pure

uranium.

The 26 croes section at lli Mev was obtained by the following
proocedure:

(a) The amount of 25 on the 26 foil was determined by compering its
thermal fission rate in the standard pile with that of the 25 .-foil (this
assumes that only 25 undergoes fission at thermal energies).

(b) The ratio of fission rates was mesasured at 1l Mev for the same

foils. .o. o:o : o:o E.. E.:
APPROVED SR :PUB | & REEASE
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(c) Assuming the L1l fission rate at 1 Mev to be negligible and
using Inghram's isotopic analysis, the ratio of 26 foil fissions to 25
£011 fissions at 1) Mev is |

Ry), = Mog(mos Tp(25) 4 mpg  (26) 4 mog @ £(28) )
¥og(m'zs G £(25) + m'28 G £(28) )

where My, ® mass of uranium on 26 foil.
¥og = mass of uranium on 25 foil.
mpog = fraction of isotope 25 on 26 foil.
m'25 = fraction of isotope 25 on 25 foil.
mpg = fraction of isotope 26 on 26 foil.

m'og = fraction of isotope 26 on 25 foil = nmegligible.

From the thermal measurements Mpg = ¥og m'25 Ry), where Ry is the
m25
retio of 26 foil fissions to 25 foil fissions in the standard pile.

Then By = 2'25 Pan (M5 @ £(25) 4 myg 07 o(26) + mpg g~p(28),
mo5 m'ss @ ¢(25) 4=m'2g g~ (28)

Sl20) =Tos Ry, (W'op 07#(25) ) _mp  (p(25) - mpp
Oe(28) mpg Ren w5 g £(28)  me6 geed) mps

m'gg = 0.957 ma5 = 0.735
m'pg = 0,043 myg = 0.105
nqas = ()-156'

Ry, = 1.0 0.0
1 g .5 0-1‘(25) = 1,91 £ 0.05 barns
Rgp = 0.89 0.05 g ¢(28)

sec000
3
Yy}
eoceo
.
seee
o o
eccoe
ssooe
.
ecooe
e o
¢ o
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26 . 1.64 1.0 v U(28) % 109 41,1 varne
T p(28) -
The large error is due mainly to the low 26 concentration in the

26 foil.

ff“@) 0( background in the 49 ssmple made the separation of the

fission peak and the o4 peak less cortain than in the previous cases.
The manner in which the fission curve shonld be extrapolated to zero was
less certain and the correction for uncounted fissions greater. This
correction was two percent with an error of £ 2 percent. Table L lists
the corrected data.

Table L

R s Ratio of O fissions
to 25 fissions

1.59
1.79
1.75
1.59
1.75
1.76
1.74
1.72
1.78
1.75
1.70
1.7hL total of 1,000 28 counts

O O~ 0N\ W g

L ]
o e
v = O

Av. 1.72 probable error 2-1/2%

98.03% 19
Mg = 1.002 mg. metal «9T% L=-10

"28 s 0.888 nE. motal
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GU9) . 3wy 23 -Agd TBD i
Te(28)  myg ‘Eg' % g O £(20) 5

@ (L10)
=-1l.72 . .888 2 -:9_1_2 b o
LR & R TS B o

£1.55 (1 - .006 T 5(L10) ) = 1.554-0.06 assuming
U2(L10) 4o be emall.

G.(19) , 1.55 + 1.13 = 1.75 £ 0.07 barus
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