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A13STRACT

TheJratio of the fissioh cross sections of 4’9and 25 has been

measured, using the highly thermalized neutrons in

irradiated by neutrons from the Be+- d reaction in

ratio has been found to be 1.40~ 0.02. By use of

a !WaPh~~~ blocks

the cyolatron. The

the energy dependon~e

of the cro6e eectiona aa found by the !w..klationexperiments, the ratio of

croso sections at energy KT (neutronve .ocity= 2200 m/aeo) has been oal-

oulated and i6 1.28. Thi6 number toget ’.erwith total absorption cross

seotione of @O barns for 25 and 1056 bsrns for 49 leads to a value of
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THE RATIO OF ‘MSFISSION CROSS SECTIONS OF 49AND 25FOR THERMAL M3UTRONS

ANDTHERATIO @ + A (491 /[1 +4 (25~

The ratio of the fission oross eectiona of 49 twd 25 haa been

measured by a comparison method, using the highly thermali~ed neutrons in

the graphite blooltat the cyclotron. The Value obtained i6 in disagreement

1),2)
with previous determinations, due to the um of more completely therma-

Iized neutrons in this work. From this ratio, the ratio of aro88 sectiono

for neutrons of velooity 2200 m/see has been calculated. Thi8 ratio, to-

gether with the beat known values for the total capture cross sections of

bgand 25, leade toa determinationof

where ~ is the ratio of the radiative

oross section.

EUWUMENTAL METHOD

Six foils of 25 and four foils of 49 were used in the experiment.

They were compared by counting the fissions produced in two of the foils at I
a time in a comparison clamber whioh was exposed to a thermalized neutron

flux of about 2 x 105 neutron8/am2/6ea at the center of the 111 x 71 x 6*8t’

graphite block at the cyclotron. TIIQ primary neutrons impinging on one

faoe of the block were produced by the Be+d reaction. The degree of therma-

Mzation 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 ionization

1) Chamberlain, Kennedy, Segre and Wahl, CN-4@.
2) Williams, J. H., LA-25. lJNCIASSIFIED ~

.-.. —._--—- . .—.
.— ___ - - .-——— --. ..— -..—

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



,’

WIICLASSIFIED
+

~~:

chambers having a common high voltage electrode, on which the samples were

placed. The three electrodes were 8.6 cm in diameter and 0.16 cm thick; the

spacingbetween then was 1 cm. The fission partioles were detected by electron

collection in air at atmospheric pressure (59 cm Hg), at a field strength of

1000 volts/em. The chamber was oonstruoted of aluminum, exoept for the insula-

ting posts, which were of 3/16m polystyrene rod.

The procedure l?ollcvmdin making the comparisons was to uae the 25

foil E-1OOH-4 ae a monitor, comparing all other foils to it. In all oases

several point6 were taken et different biases to determine the shape of the

p1akeau6. Extrapolation of the plateaus to zero bias gave corrections of the

order of 1 percent. The statistical probable errors from the fis6ion counting

were 0.5 peroent or L!MSo except for the oounts on A-12-B-I, whiuh had a

probable error of 1 percent.

In order to find any syste~tic errors in counting, a .!+9foil and a

25 foil were compared under conditions obtained by aeprate3.y interchanging

acalara, 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 data on the 25 and ~9 foils.

The diameters given refer to the depo8it6 of’active material. All the foils

were deposited on I or 2 mil Ft. The notes in the tables describe the various

methods of determining the weights. In Table 1, ~ is the ratio of the weight

Of 28 to the weight of 25.

.
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RESULTS

.—

T8ble8 111 and IV oon’tin a summary of the Qomparieon measurements.

The two values of eaoh the oounting ratio6 are given, obtained from different

rums taken a day

monitor oomputed

fission counting

were oomputed in

by Chamberlain.

past experience

In Table IV the

or so apart. In Table III column A contains weights of the

from the weight of the sample from its & count and from the

ratio obtained in this experiment; the weights in column B

the 8ame way but by using the weights of the sarnple8given

The weights determined by weighing were not used, 6Znoe

ha8 shown these weights to be less reliable than the others.

ratios of cro88 ~ections in column A were obtained by usihg

the average monitor weight of column A, Table 111, and give an average ratio

of 1.40. The ratiociin column B were oomputed by using the average monitor

weight of oolumn B, Table III, and give an average ratio of l.@. These

+ 0.02 for &f(49)/&f(25) for the neutrons indata bad to a value of 1.40 -

the graphite blook.

DISCUSSION

Thi8 ratio of cross 8eation8 applia8 to the effeotive oross Seotioris

for the thermalized neutrons in the graphite blook. The modulation work in

this laboratory has shown that 49 and 25 differ in the energy dependence of

3) .4)their cros8 seotioneiin the thermal region. Thus it is essential to oal-

oulate from the result of thi8 experiment the ratio of oross seotions at a

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

3) Anderson, Lavatelli, Mo!)aniel,Sutton, L4=82.

4) ~derson, Lavatelli, h!ol)aniel,Sutton, LA-91.
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‘ 5)bleak have a Mixwellian distribution with a temperature of 20° C. Then

the number of fissions produoed per second in a thin 25 foil ia

where N25 is the number of 25 a~ms in the foil, n(v) is the neutron density
1
I

above the neutron velooity, v, and &f(25) the fission oross seation for 25.

A similar expression holds for 44. The effective value of &f(25)v is then

where n i6 the neutron density. Fig. 1 shows plots of (1/n)(dn/dv),

(l/n)(dn/dv) rf(25)v, ad (l/n) (~ddv) ra (~9)v, assuming a Mmwellian

1
distribution of’neutrons and the values of rf(25)v and 6;(49)v obtii+ed

by the modulation experiments, n rmalized to unity at KT (neutronvelocity s

2200

this

This

m/t3ec). The total capture
‘1
ross seotion of 49,

I

plot sinoe the energy depen~ence of 6f(~9)’has

substitution is good if ~
1
~1 i6 oonstant In the

ra(49) waE used in

not as yet been meaaured.

thermal region. Some

experimental evidence that &49 ia roughly oonstant has been obtained by a

Cd difference experiment, which
t
hewed that the 003 v resonanoe was at ,least

~ “
i

~) This assumption is possibly ncorreot sinoe the scattering oros8 section
of oarbon ha6 large disconti uities in the thermal region.

i

However, no
more exact neutron di8tribut orIhas been calculated as yet, and it is
thought that for this application a Maxwellian distribution is not in
error sufficiently to change the results significantly. —

~w~s
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‘ 4)
partly due to the fi6sion procea6.

By a numerioal int~gration of the 49 and 25 curves, one obtains

6f(25)eff
= o.g~

6f(25)KT

and thU6

q(49)

I- “ 1“40’%%?=3”28
%T

This value should

energy dependence

be considered tentative since moro experiments on the

of &f(25) and cf(49] are being plamad and will pro~b~y

ohange the effective values of the cross seotions.

FrcJtnthe ratio of fission oroa? seotion8 at KT and the total ab-

sorption cross sections of 49 and 25 at the same energy, one oan obtain a

value of ~+~(49}]/~+~(25ij b~~aiwztherelation

I + A(J_i9) 6a (49) 6f(25)
—= —.—
1++(25) ~a(25) Crf(49)

rFermiO CP-1389.
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7)Using the value of ~(25)= 0.16, this gives 4&9) = 0.50.

‘I’hevalues of 6jf(49)&f(25)I found by previous experimcmter~

when oorrected to

The d~aorepanciea

of neutrons u8ed.

Ithermnl

the present half-life of 49 (2&~O!) years) are~

Williams -1.62
Chamberlain et al - 1.66

between these numbers and ours oan bloexplained by the kind

Tho first measurement was made in paraffin where the Cd

ratio for a 25 deteotor was 100; the seoond in a water

of 7. This indicates the neutron energies wore higher

ratio was 10.OOO. While the effective 6~(25)v would

shield with a Cd ratio

than ours sinae our Cc?

not change very much

for slightly higher neutron energies, the effeotivo ~f(49)v would inorease “

quite rapidly. This effect ha8 been noticed in this laboratory where compari-

sons of a 49 foil and a 25 foil in paraffin and in the graphite block gave a

10 percent inoreasc3in ~f(~9)/~f(25) in the paraffin.

In conclusion, our experiment measures ~f(49)/~f(25) for thermalized

neutrons in a graphite block giving 1.40 ~ 0.02 and indicates that on the baSi8

of the present knowledge about the behavior of 49 and 25 in the thermal region

q49)/af(25) I = 1.28 for T= 295°Kwd, [l+cA(49j/~ +c&(25)] =1.29.

7) Bailey, Blair and Russell, LA-90.
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Sample

b=7-B=A

L-12-B-I

;-6=Ii -B-I,

;-6-B-B-2

-1o-

Diameter

2.5

TABLE 11

—..—-—
—.—.

Amount of 49

(A) By A-oounting (B) By weighing

(j%} Q%)

19.8 t 0.2

0.997 k 0.009

2~03 * 0025
25.2 k 0.25
25.1 t 0.25

25.3 t 0.25
25.3 tO.25
25.5 ?0.25

—.

(A) Countedby Dod80n. The oount on C-7-B-A we mado befdre the comparisons;

The count on A-12-Bo1 after the comparisons. The first figures given for

the last two foils were obtained by counting a mnaller aliquot in a 21r

ahamber. The seoond figures come froma direot count of the foils, using

a demul%iplier. The third figures area cheolson the secondfitaken after

the comparisons were made. All the weights given are based on a h&lf-
e~-

Iife for ~9 of 24,400 years. -

(B) This foil was made by Viahlfrom analiquot of a solution of Pu02whioh,

had been weighed direotly before being dissolimd. The weight is based

on the assumption that the oompound is pure PU02.

—--- _ _ -——-..— -—-- ,_:.’ .. .—
—
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TABLE 111

Weight of monitor

(

sample Counts from sample

)Cou.ntcfrom monitor

&lom&14 L.34) ~0335
~

0.1037 0.1048

1.33

~.~0.~_I(5

1
1*3O5 le30 “

[
o.lo% 0.1076

1.29

R-5-D

)
7*3O 7*3Z -e.- 0.1.038

7035

PXS”20

1
~“~ 6.72

-.-.0 001021
●

I

E-N-1
1

0-445 ().45(3

1----

0.N20 ----
ooh&

Averaga 0.1037
~

O,10L6●

!

—
.—.—-——_“
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%mple

!-7-B-A

.=12-B-I

I-6-B-B-2

(Counts from -mple
Counts from monitoJ

0.253
062’491

0.251

00012

?0.0120
000123

i

00335 0.335
0.334

)

0.344.
0.340

0.342

Average

%ii/=25
——

A

1.338

1.427

1●4.03

1.1+21

~0397

—. —

B

1.31+8
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