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ABSTUCT

Data are reported for the multiplication by a 2-1/2 inch sphere

of TI-per cent 25, as measured by 29 and 25 fission chambers. Some data

for a 2-inch sphere are

placations are found to
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MllL!l!IPLICATIOh01’A 2=1/2 INCH 25 SPHERE AS

MEASURED %ITIi28 and 25 FISSION D2TIX3TORS

Introduction

If the multiplication of a sphere of active material is measured

with a detector whose energy sensitivity is not flats tho result will depend

upon inelastic scai;tering as well as upon V9 a9 and of. Such a measurement

may thus be used a!Ja check on the inelastio scattering cross section. In the

experiment reported here, the multiplication of a 2-1/2 inch sphere of

71.per cent 25 was measured with 28 and 25 fission chambers.

Theory

For the complote theory and calculations of this experiments

the reader. is referred to a forthcoming report by Richman and SerberO

A first collision analysis is presented below, however9 in ordar

ta give a eemiquan,titative pioture of how various quantities affect the

multiplication a6 measured with an energy-sensitive dotector~ This analysis

also indicates the difficulties i.ntroduoed by using a mock fission source

rather than a true fission source.

Re use tho following notation:

Ffs
●

is the probability that a neutron from the source ,preduces

a fission in traversing the radiu6 of the sphere. The bar

indicates an average over neutron energioso

and ~s are the corresponding probabilities for inelastic

scattering and absorption of source neutronso

%X9 ~Ds9 ~i are the probabilities of detection (by detector D)

of fission. sources and inelastically scattered neutrones

UNCLASSIFIED

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



-.4-

so is the number of neutrons emitted per sec. by the

source.

The multiplication after

by the detector * :*Y be written aa

one colllsiono as it would be measured

follow% :

types (fission. source9 and inelastically

the sphere in ?Iace to the number (source

the aphereO according to an apyoximation

soattered neutron’;) detected with

neutrons bnly) detected without

which ne.gy.ectsmultiple processes.

Although this expression requires a number of corrections if it is to provide

a completely accumte description of the experiment it will serve to estimate

effect of various constants on the resulte For example~ we may co~sider

following cases:

T
Detector with flat response: p = ~s = ~i

M =1.25

b!= looy
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The relative veluee f~r cases 20 39 b compared with 1 indicate

the sensitivity to inelastic cross section and to lack of duplication of

the fission spectrum by the mock sources Unfortunately, p28s has been

meamred only for mock source NOO Is”and values sufficiently re~iabg.~ for a

proc~.se evaluation of this effect aro not yet known for the fission spectrum

or for mock source”No. 20 Ce.se ~ illustrates the effect of a 10-p& cent

increase in p. i which might arise if a sufficient number of inelastically
d~

scattered neutrons are in the rqgion of increasing af(2fj)0

Experimental Arrangement——

Fig. 1 shows the relative positions of the sphere and detector~.

‘Ehelatter were spiral fission chambers

the fissionable material is spread over

diameter and 5/8” high. The 25 chamber

material. Two 28 chambers were used at

made by Brig,ht and Hoc@erp in which

a cylindrical vcilurneabout ?/41;~.n

contained 136 rngof’63-Per cent

different times. one containing

360 mgand the other 205 mg of material..

The sphere was made up of three spherical shells as follows:

Shell oeDo I.D. Enrichment
‘x --Gz7

2 10999 10503 ‘p?.og

3 2,500 2.040 7000Z
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The hole in the center vms lar:e enm2h to contain an 8-curie Po-NaBFl

mock fission source (No. 2) emitting about 6

Tnirty-miw.ate runs wcr.etuken with

the source, the ratio being the value of the

4

5x 10 neutronG per aeco

and without the sphere around

multiplication obtained f’orone

cycle. Once each cycle or once in two Cycles. a fifteen-minute background

was taken. livenwith the high.-efi’iciency6piral chambers, the counting rate

was 10WO ranging from 9 to 25 counts per minute~ This made it important to

obtain as low a background as possible~ whereas the necessity of v.mrking .

at low biases,duo to the high capacity of the charnberso makes them quite

susceptible to el~trical distrubanceso

During the first set of measurements, made in tllo -technical

at the same tine that Group R-2 was measuring the multiplication with

area

tileir

long counters. the electrical background wa~ bad and very erratic. This

.
made the result6 so uncertain that a second set of measurements was mado

outside the technical area ~.here the background was eteady and was only abouk

2 per cent of the counting rate.

Data : Table I Cives the results of’the twm sets of’measurements made on the

2-1/2 inch sphere. Also included

mde in the technical area with a

are the result6

2-inch sphere,

of a few measurements

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



(1)

(2)

First .w.easurement :
Averafie multiplication
of 2-1/2 inch sphere

Multiplication of a
2.inch sphere

Seoond measurement:
Averago multiplication,,
with error calculated
from deviations of
individual qrclea

Total number of counts
with source bare

Total counts with source
in sphere

Multiplication from ratj
of total countsO with
standard deviation
expected from this numb<
of counts.

Average multiplication
for second measurement

-7-

TABLJi X

—
28

High Bias Low Bias
—. .

1$8=1010+ ●O3

e128 + 0014

8160

9200

1o127 + .017

9390

9600

MM.. .017

=1.136 + .m7
“f28 -

—.- —.

I

-A-

25
High Bias Low Bias

%5 -= 1.38 +.O!$

=lo28 +.06
%5 - ‘

1.3352 .019 1“.3b6+ .OII

L2,630 200630

169870 27,710

Le330 + .ao16 10343 + .01:
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Due to the back~round troubles mentioned above, the first measure.

ment is considered more uncertain than the second , and is weighted one third

.
as much as the second in obtaining thq avcraCes:

24
25

= 1.35 + ,02
.

This value of M
25

should be corrected for the effect of the 28

present in the 21jchamber. This correction of 105 per cent raises the ‘

multiplication for,a pure

’25 =1037 + .02

Comparison with theory

Sn Table 11 are

25 chamber to

.

listed two differant sets of’assumptions used by

Richman and Serber in caloulatiqg the multiplications with the va]ues of

’28
and M

25
obtained for each Geto

●
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‘MBLE II

Souroe Spectrum

Fission Spectrum

Inelastic scat.
tering to ener.
gies below 1 Mev

Capture

Calculated mul=
triplication for
2“ sphere

(calculated multi.
plioation for
2_l/2n sphere ~

First Set of Assumptions

Richardst old fission spectrum
(Handbookl)

Calculated ax = 027 b

Richards” old fission spectrum.
AVer8ge energy~ 201 Mew.

Kall.Koontz-Rossi data at low
energy. Flat at l~3sb
for 0~6 L Z & 3.0 Mevtt ‘
Dropped ~ovo 3 Mev to O at
7 Mev.

For loo 4Ji<Mev,—, —

0J25). = l.fj.b, Oi(28)~J2.~ b

= (.16) (1 - E/2)
a25

ae (28) =(.1) of(25)

’28
= loos

%5
= 1.24

1) IA - 140

Sezond Set of Assumptions
.* ~

Speotru&as measured for mock
!?ourceNo.l(mock source No. 2
used in tnis experiment contains
some Be and probably contains
some higher energy neutrons).

-
calculated ’29 = 031 b

J. Williams reports a measured

::;eo;o:+= = “q b ‘or

Some new data of Richards@
based on_12fj0 tracks
Average energy -2.5 MMTO

Calculated a~x~039 b

Samea except at high energy
where it is taken to be flat
at 2.35 b for E “>0.6 ~evo—

For 1.OLE <13 Mev.—, —

= (:14) (1 - E/2) ;
a25 11

?ua(28) from= ‘

~

egre’s measurement
in Handbook<, and interpolation

’28
= 1011

’25
= 1.28 I

I

%?8 = 1“185 ’25 = l“k
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The large inctrease in the calculated value of %8 for the second

set of assumptions over that for the first set is due mainly to the change

made in the fission spectrum. The sensitivity of a 28 detector to such a

change is so great as to mask the effect of inelastic scattering as low as

the relative values of

OU% that these average

of the spectra is also

significant comparison

x.—
G8 and ’28

remain Uncertaina It should be pointad

cross sections do not tell evcwything9 since the shape

of some importance, Hov~everO it is hoped that a

between theory and experiment can be made as soon as .

data are obtained ofithe average 28 cross sectione for the fission spectrum

and for the spectrum of mock source No. 20
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