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have been

about 100

Measurements of th~ fission cross section of U253 relative to boron

nwde as a function of energy in the interval extending from 0.025 to

evo The value of CJf(25)Vremains essentially oonstant up to about

‘0.6m where it begins to rise to a resonance at 1.7 evo Here it takes on a

‘raluegreater than 705 times its thermal value~ Above thifiresonance, it falls

iji’fagain but the presence of several higher levels maintains the average value

of af(2~)v at about 4 times the thermal value. ~Mostprominent indications of

other resonances aro at about 6= 19~ and Ioc)ev= “
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REL4TIV13FISSION CkOSS SECTION OF’23 FORNEUTRONS

D$ ‘THERANGE 0025 TO 100 IN

This experiment v.m undertaken in order to mea~ure the relative

variation of the fission crose section of U233s (23)9 for slow neutrons

by the timeof-flight method.

The methods employod for nmkirg these measurements have been

disaussed in detail in earlier reports concerned with measuring the cross

seotiono of 25
1) and ~92)o In brief, the method is the following.,By using

the velocity spectrometersa distribution curve is o?>tainedwhich is a function

of the time of flight (inversely proportional to the square root of’the energy).

This distribution curve represents a quantity which is proportional to the

product of the neutron cross section of the deteotor and the time of flight

distribution of the neutrons in the incident beam. By taking the ratio of

the distribution curve obtained using a 23 fission detector to that ottained

using a boron (1/’) deteetoro
[

the relative vsriation of af(23)v] is obtained

as a function of neutron energy (v =neutron ve30cityP af(23) = cross section

for fission). To determine the absolute value of of(23) it is necessary

to measure the cross section at only one energy in the region of the velooity

measurementso

The

same as the one

ionization chamber ~ich was used in the experiment was the

described in an earlier paper3). It is shown in Fig. 1. It

comists of three adjacent coaxial sec%ioneo The axis of the combination.is

placed in the direction of the incident beam. The front and rear sections

1) Anderson, Lavatelli, McDanic10 and Sutton. LA-82
2) Anderson, Lavatelli9 McDanio10 and Suttcno M-91
j) Andwtm$ Mdkmiel$ and tiuttono 1.ADl~8
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aro connected

ab~ut 4 mgOf

together electrically to compose the 23 detector. A total of

material containing 23 were available. Analyses of the materiel

showed that about 16 per cent is normal uranium~ This makes the 25 content

amount to about 1~1 parts per 1000. Since the cross sections of 23 and 25

are of the same order of magnitude, it was evident that no difficulty would be

encountered from the 25 content of the sample~ The material was deposited

electrolyticallyin the for!nof the oxide on platinum foils~ and was divided

equally between the two secticns of the detectoro The center section is &

EF5 parallel-plate detsctor. This seotion was filled to a pressure of about

~ on with BF . Enough argon uas then added to the section to bring the total
3

pressure to 1 atmosphere~

A fast amplifier with a 0.1 psec clipping-time was used to doteot

the ionization produced in the chambers. No difficulty was experienced

in obtaining a plateau in the 23 section of the chamber in the presence of

the strong alpha activity of this element~

The measurements were made using a source-detector distance of

5 meters. The sotiicewhich was used consisted of a tads, 5 cm thick. filled
,

with a boron oxide solution (? gm/l)O and a filter of B O containing23
0.25 gm/cm20 Because the measurements were taken at ~ meters, the ahs.mber

was located inside of the watar

feared th&t there might be some

collimator through small cracks

was l.ccatedadjacent ‘co

wrapped with 643roilsof

Two =6tS of

tanks which surround the cyclotron. Zt was

slightileakage of thermal neutrons into the

because of a large 25 ton carbon block which

the Collimator. For this reason. the chamber was

Cd~ leaving only the front of the chamber open,

measurements were made in tho region below 0~6 ovo In

.
. .. ...-.. . .

. . . . . . .. ..-—
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the first set, the Cd wrapping about the chamber was omitted. This may have

mde the measurements somewhat unreliable. The second set of measurements were

made with the chamber wrapped in CdO For the measurements above 006 ev, in

addition to wrapping the chamber in Cd8 the front face of the detector was also

covered with &l roilsof Cd to permit s higher ropetiti>n rate to be usedo

The usual..normalization measurement
~)

was made to relate the data

taken with Cd over the front of the detector te that without the front oovered~

No normalization was mde between the two sets of data taken in the lower energy

rsgion9 but instead the weighted mean Of the data t~ken without the c~~m”ber

wrapped was adjusted to be equal to that for th..chamber wrapped with Cd.

the unwrapped chamber was included simply to give

with regard to the shape of the cross section curve in

The data takan with

additional evidence

the thermal region.

The results of the experiment are shown in Fig. 20 with the

conditions of the experiment indicated in Table 10 The ordinate of the

graph is proportional to Of(23)V or af~~ arbitrarily normalized t~

unity at 0.025 evo The absci6sa is the logarithm of the time of flight,

in Fig- 38 the corresponding curve is plotted OD a log-it~io energy

The present acoepted valae~ fox’scalec

22OO ~seo (very nearly 00025 ev). From

of CJf(23)VOS-Csf(23) & can be ob~e.ined

corresponding value at any energy in the

aomputedo

The principal featurea indicated by the results are the

following. The value of c7f(23)v remin8 essentially constant up to about

4) H. L. Anderson andA~ Ii.May, CP.-23OI

of(23) is 5T0 + 20 barns fcr

this measurements the value

for 0~021j9and from this the

range of the measurements my “oe

— ..-. ..—. .-. ‘-.-. _ ____ ---
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006 em where it begins to ri6e to a resonance at abmt 1.7 ev. It attains a

value at resonance of at least 7.5 ti~.esgreater than that at 0.025 ev-o Immed.

iately above the resonance it falls to a little less than twioe the :!MIIWZI

value and then begin8 to rise again. Possibly three or more rcmonanoes are

indicated to exist at higher energies. Thcso seem to be located at about

5089 199 and 100 OVO Above about 5 w and up to somewhat over 100 OVO the

average value 6eem8 to be about 4 tirne8the thermal valueo The resoxwznce

a% 1~~ ev is best re601vedD but even ‘thi8is not well resolved.

Three results are in reasonable agreement with tno6e ~iven by

Anderson and Fermi5) from their determimtim of the variation of cross section

by making boron absorption measureinentso They found increase of a factor of

about LoA in the value of CJf(23)Vin going from thermal energies to ‘energioe

of the order of 30 volts and greatero

Sinae only L mg of material were available for our measurements,
.

it was not possible to improve the resolution About 5 timesthj.g~uc~

nnterial can be used before any difficulty is encountered with alpha

pai-%iclebackground.

it should be possible

permit a considerable

eorrespondingly

higher energy.

However by the use c.t’recently developed technique~;

to count as much as 120 mg of the material which would

increase in the attainable resolution. This would

permit extension of the range of’the measurements to somewhat

.

~) He Lo Anderson and E. Fermi, Nuclear Physics Research Report. C.??.2161

1

n“
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Table It>

IXPERIM&NTAL CONEITI_!NSFOR RNSULTS S;iOWNIN FIG. 2

On Timo Frequeuloy Region Symbol
psecl Cps

200 100. 508 Vseo/m m

200 100-450 psec/m A

2500 46. 100 psec/m @

2500 3.3-40 ps630/m ‘V

For all measurement a source-detector diGtance of 9.O ITI
The source consisted of a tank fi31ed with “7g/literB203
with a filter of 0025 g/cm2 B O 023

Conditiom

No Cd.

Cd, around chamber

Cd. around chamber
Cd. over front

Cd. around chamber
Cd. over front

was usedo
water solution
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