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ABSTRACT

The ratio of the fissiob cross sections of L3 and 25 has been
measured, using the highly thermalized neutrons in & graphite block,
irrediated by neutrons from the Be + d reaction in the cyclotron. The
ratio has been found to be 1.40 £ 0.02. By use of the energy dependence
of the cross sections as found by the mc.lulation experiments, the ratio of
cross sections at energy KT (neutron ve.ocity = 2200 m/sec) has been cal-
culated and is 1.28. This number toget :er with total absorption cross

sections of 6,0 barns for 25 and 1056 b: rns for L9 leads to & value of

Drhwn]/f raes) = 1.
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THE RATIO OF THE FISSION CROSS SECTIONS OF 49 AND 25 FOR THERMAL NEUTRONS

AND THE RATIO [1+ & (L9)]/[a +4\(25))

The ratio of the fission oross sections of L9 and 25 has been
measured by a comparison method, using the highly thermalized neutrons in
the graphite block at the cyclotron. The value obtained is in disegreement
with previous determinations%)’z) due to the use of more completely therma-
lized neutrons in this work. From this ratio, the ratio of cross sections
for nmeutrons of velocity 2200 m/sec has been calculated., This ratio, to-
gether with the beet known wvalues for the total capture cross sections of
LiS and 25, leads to a determination of the quantity [1 +6\(L;9)]/El *&(253}
where o\ is the ratio of the radiative capture cross section ta the fission

cross section.

EXPERIMENTAL METHOD

Six folls of 25 and four foils of 49 were used in the experiment.
They were compared by counting the fissions produced im two of the foils at
a time in & comparison chamber which was exposed to a thermalized neutron
flux of about 2 x 105 neutrons/hm?/beo at the center of the 11' x 7' x 6'8"
graphite block at the cyclotron. The primary neutrons impinging on one
face of the block were produced by the Be+d reaction. The degree of therma-
lization of the neutrons can be noted from the fact that covering the chamber
with Cd reduced the counting rates to 0.01 percent of their former values.

The comparison chamber consisted of two parallel plate lonization

1) Chemberlain, Kennedy, Segre and Wahl, CN-Lé9.
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chambers having & common high voltage electrode, on which the samples were
placed. The three oelectrodes were 8.6 om in diameter and 0.16 cm thick; the
spacing betwsen them was 1 cm. The fission particles were detected 5y electron
collection in air at atmospheric pressure (59 cm Hg), at a field strength of
1000 volts/bm. The chaﬁber was oonstructed of aluminum, except for the insula-
ting posts, which were of 3/16" polystyrene rod.

The procedure followed in making the comparisons was to use the 25
foil E~10-H-l; as a monitor, comparing all other foiis to it. In all cases
several pointe were taken at different bimses to determine the shape of the
platesaus. Extrapolation of the plateaus to zero bias gave corrections of the
order of 1 percent. The statistical probable errors from the fission counting
were 0.5 percent or less, except for the counts on A-12-B=1, which had a
probable error of 1 percent.

In order to find any systeﬁatic errors in counting, a 49 foil and a
25 folil were compared under coﬁditiona obtained by aeparately interchanging
scalars, amplifiers, and foils, and by moving the chamber within the block.

No significant change in the counting ratio wae detected.

FOILS

Tables I and II give the pertinent date on the 25 and L9 foils.
The diameters given refer to the deposits of aotive material. All the foils
ware doposited on } or 2 mil Pt. The notes in the tables describe the various
methods of determining the weights. In Table I, R, is the ratio of the weight

of 28 to the weight of 25.
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RESULTS

Tables III and IV contain a summary of the comparison measurements.
The two values of each the counting ratios are given, obtained from different
runs taken a day or so apart. In Table III column A& contains weights of the
monitor computed from the weight of the sample from its o\ count and from the
fission counting ratic obtained in this experiment; the weights in column B
were computed in the same way but by using the weighta of the samples given
by Chamberlain., The weights determined by weighing were not used, sinoce
past experience has shown these weights to be less reliable than the others.
In Table IV the ratios of cross sections in column A were obtained by using
the average monitor weight of c¢olumn 4, Table III, and give an average ratio
of 1.40. The ratios in column B were computed by using fhe average monitor
weight of column B, Table III, and give an average ratio of 1.41. These
data lead to a value of 1.40 ¥ 0.02 for OT(AQ)/GT(ZB) for the neutrons in

the graphite block.

DISCUSSION

This ratio of cross sestions applies to the effective oross seotions
for the thermalized neutrons in the graphite block. The modulation work in
this laboratory has shown that L9 and 25 differ in tho energy dependenoe of
their cross sectiones in the thermal regilo ?)'h) Thus it is essential to ocale

culate from the result of this experiment the ratio of oross sections at a

particular energy. To do this it has been assumed that the nouftrons in the

3) Anderson, lavatelli, MoDeniel, Sutton, 1A-82,
}4) Anderson, lLavatelli, McDaniel, Sutton, LA<91.
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block have a Mexwellian dietributions) with a temperature of 20° C. Then

the number of fissions produced per second in e thin 25 foil is

where N25 is the number of 25 at&ms in the foil, n(v) is the neutron density
above the neutron veloolity, v, aAd 6}(25) the fission oross section for 25.

A similar expression holds for L49. The effective value of 8}(25)v is then

w
d
1 = dp(25)v dv
L]
where n is the neutron density. |Fig. 1 shows plots of (1/n)(dn/dv),
(1/n) (dn/dv) 6p(25)v, and (1/n)(dn/av) o, (49)v, assuming a Maxwellian

distribution of neutrons and the|values of 0p(25)v and o (L49)v obtained

by the modulation experiments, normalized to unity at KT (neutron velocity =
2200 m/sec). The total capture éross seotion of L9, 6;(&9) vas used in

this plot since the energy dependence of ¢p(L9) has not as yet been measured.

o—

This substitutlion is good if dv4 is constant in the thermal region. Some

exporimental evidence that ¢ib9 s roughly constant has been obtained by a

Cd diffeorence experiment, which showed that the 0.3 v resonance wae at least

‘\

b

5) This assumption is possibly
of carbon has large disconti
more exact neutron distribut
thought that for this applic
error sufficiently to change

ncorrect since the scattering cross section
uities in the therwral region. Iiowever, no
on has been calculated as yet, and it is
tion a Mexwelllian distribution is not In

PP
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partly due to the fission process.

By a numerical intégration of the 49 and 25 curves, one obtains

ﬁ‘l_(fz)fﬁf_ = 0,975
G.f(zs)x'r ?
GallOleee ) o
6& (hg)x'].' -
and thus
6{‘(‘-&9) 00975
._____y_cf(zs = 1.}0 x 08, = 1.28

KT

This value should be considered tentatlive since more experiments on the

energy dependence of 0p(25) and 6p(L9) are being planned and will probabiy

ohange the effective values of the cross sections.
From the ratio of fission cross sections at KT and the total ab-
sorption cross sectlions of 449 end 25 at the same energy, one can obtain a

value of [1 "‘d\(hg)]/(’i‘l‘t)\ (25)] by using the relation

14+ (L9) = da (LS) ) 6p(25)
144 (25) ®(@5) o6p(l9)

Taking o (49) = 1056 barnal,") vp(25) = &y barna§) and  op(49)/q (25) = 1.28,

one gets

1+ & (49)
T3 A =L

6) Fermi, CP-~1389.
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Using the value of d(25) = 0, 162) this gives o (419) = 0.50.

The values of op(L9)or(25) found by previous experimenters
thermal .

when corrected to the present half-life of L9 (2,300 years) are:

Williams - 1.62

Chamberlain et al - 1.66
The diaorepanéies between these numbers and ours can be explaiped by the kind
of neutrons used. The first mossurement was made in paraffin where the Cd
ratio for a 25 detec&or was 100; ihe second in a wabter shield with a Cd ratio
of 7. This indicates the neutron energies were higher than ours since our Cd
ratio was 10,000. While the effective 6¢(25)v would not change very much
for alightly higher neutron emergies, the effective 6p(Lj9)v would increase
quite rapidly. This effect hes been noticed in this laboratory where compari-
“sons of a 49 foii and a 25 foil in paraffin and in the graphite block gave a
10 percent increase in 6}(&9)/%?(25) in the paraffin.

In conclusion, our experiment measures op(L9)/6p(25) for thermalized

neutrons in & graphite block giving 1.40 ¥ 0,02 and indicates that on the basis
of the present knowledge about the behavior of 49 and 25 in the thermnl’region

oo (l9)/ox(25) | = 1.28 for T = 293° andvl [1 +d.(u9)]/ﬁ,+°\ (25)] =1.29.
XT : | R

7) Bailey, Blair and Russell, LA=90.
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Amount of 25
Sample Diameter R‘,
{cm) {8) By welighing (8) By d=counting (C) By fission counting
(mg) (mg) :
B-310=H<l; 3.1 0,109 £ 0.001 0,106 ¥ 0.001 0,110 ¥ 0,002 8,15
0.107 £ 0.001 _
E-10-H~14 301 0,139 £ 0.001 0.138 ¥ 0,001 0.140 * 0,002 8.15
0.139 % 0.001
E=10-H-16 3,1 0.139 & 0.001 0.138 ¥ 0.001 0.140 ¥ 0.002 8.15
0,136 £ 0,001
E-5=-D 3,1 o~ O 0,760 % 0,011 0.3%
FXS=20 3.1 -———— mmm—e 0.686 t 0.011 0.3
(recovered) '
BeN-1 0, 0073 0.00456 S 11
¥ 0.00005 t 0,00005
0.00460
£ 0.00004

(A) Determined by Dr. Miller (Group C<) by weighing the amount of oxide on the foil. The weight of 25
depends on the assumption that the material is all Us0g and that Ry for E-10 is 8.15 and for the -

normal alloy is 141.

(8) Obtained by Dr. Miller by counting the A activity in a 2T counter.
of measurements taken before the comparisons were made; the second, the results obtained after the

comparisons. The speciflic activities assumed were 6110 counts/min/mg for E=10 and 770 counts/min/mg
of normal alloy.

(C) Meaaured by Chamberlain (Group P=5) by comparing the fissi
neutron flux (Ba-Be+ paraffin). The standard, E-10-E-10,

with several foils of E-18 and normal alloy. '

2Qe ’ -

The first figures are the results

on rate to that of a standard foll in a thermal
was celibrated by comparing by the same method

3ASV3T13d O 119Nd 04 d3aNOodddV
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TABLE II
Amount of L9
Sample Diameter
() By d-counting (B) By weighing
(#&) (fe)
C=7-B=A 5.8 19.8 £ 0.2 '
A=12-B=1 <1 0.397 ¥ 0.009 0.916 £ 0.009
lc=6-B-B-1 2.5 25,3 ¥ 0,25
25.2 £ 0.25
25.1 * 0,25
C=6-B~B=2 2.5 25.3 * 0.25
25.3 £ 0.25
25.5 * 0.25

(A) Counted by Dodson. The count on C-7-B~A was made before the comparisons;
The count on A-=12-B-l after the comparisons. The first figures glven for
the'laat two foils were obtained by counting a smaller aliquot in a 2W
chamber. The second figures come from a direct count of the foils, using
a demultiplier. The third figurses are -a check on the second, taken after
the ooﬁ?ariaons were made. All the weights given are based on & half-

/—\\ .
1ife for L9 of 24,400 years. B

{(8) This foil was made by Wehl from an aliquot of a solution of Pu02 which

had been weighed directly before being dissolved. The weight is based

on the assumption that the compound is pure Pu0,.
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TABLE III T
Weight of monitor
(mg)
Sample Counte from sample
(Countﬁrom moni{:or) A B

Ge10=Ho1l 1313 1.535 0.1037 0.1048
1.33

E=10~H-16 1.305} 1.30 . 0.1054 0.1076
1.29

E=5<D 7.30 52 ——an 0,1038
7.35} 7.3

PXS~20 6.80 ——— 0,1021
6. 653 672

B-Nel 0.1.1;5} o. 0.1020 J—
olL5 L4150

. Averago 0.1037 0,1046
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TABLE IV / |

%/ %25
Sample Counts from mmpleJ L

Counts from monito A B

C=7-BA 0.255} 0.251 1.338 1.348
o.2hg) %7

A=12-B=-1 0.012 1.427 1.440
o 01 23% 0,012%

C=b-B=B-1 0.335] o. 1.403 1.0
o.aau} 335

C==6°B "'B "2 0- 5)-{&- l ~l‘21 1 -L,55
0. 51;0} VO‘BL‘Z

Avemge 1. 597 1. h09

—
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