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ABSTRACT

Date are reported for the multiplication by a 2.1/2 inch sphere

of 7l-per cent 25, as measured by 23 and 25 fission chambers. Some data

for a 2-inch sphere are also given, For the 2-1/2 inch spiters the multi-

plications ure found teo be:

iy = 1013 + .02 = 1037 + .02
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SULTIPLICATION OF A 2-1/2 INCH 25 SPHERE AS

MEASURED ITH 28 and 25 FISSION DETZECTORS

Introduction

If the multiplication of a sphere of active material is measured
with a detector whose energy sensitivity is not flat, the result will depend
upon inelastic scattering as well as unon v, a, and Gpo Such a measurement
may thus be used as a check on the inelastio scattering ¢ross section. 1In the
experiment reported here, the multiplication of a 2.1/2 inch sphere of
Tleper cent 25 was measured with 28 and 25 fission chambers;

Theory

For the complete theory and calculations of this experiment,
the reader. is roeferred to a forthconing report by Richman and Serbero.

A first collision apelysis is presented below, however, in order
t» give a semiquantitative pioture of how various quantities affect the
multiplication as measured with an energy-sensitive detector, This analysis
also indicates the difficulties introduced by using a mock fission source
rather than a true fission source.

We use the following notation:

S}s is the probability that a neutron f;;m the source preduces
a fission in traversing the radius of the sphere, The bar
indicates an average over neutron energioes.

;;8 and S;S are the corresponding probabilities for inelsstic
scattering and absorption of source neutrons.

Sgk, ﬁss, Eai are the probabilities of detection (by detector D)
of fission, source, and inelastically scatitered neutrons,
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3, 1is the number of neutrons emitted per sec. by the
sourceo
The multiplication after one colllsion, as it would be measured

by the detector, mey be written as follows:

———

_ 1 —=8 —8 —X -8 —i —8 —fl —8
M= W [SOPD + Sopf VPD - Sopi PD - SO\Pf (1 + a)+ Pa + pl }PD]

] —~—8 X -8 ==} g5 s —8 -~
Mel=p,vpp, /pl)8 + Oy pDi/pD "[pf (1 + a) P, TPy ]

This is simply the ratio of the total number of neutrons of the various

types (fisslon, source, and inelastically scattered neutrons) detected with
the sphere in nlacs to the number (source neutrons only) detected without

the sphere, according te an approxiﬁation which neglects multiple processes.
Although this expression requires a number of corrections if it is %o provide
a completely accurate description of the experiment, it will serve teo estimate
the effect of various constants on the result. For example, we may consider

the following cases:

1. Deteotor with flat response: Eax = BES = 551
M= 1025

2. 28 detector with 5;6 = 2,0 5;1 = 0 and EBX = 553
M= 0598

3. 28 detector with p;° =15, Pp- = O, Pp= = bp

M= 1005

—
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Lo 28 detector p, = 2.0, p Y=o py=0.9p°

D
M = 1093
— — T,
5. 25 detector pDi =1.1 st, Pn = st

M= 1026

The relative velues fpr cases 2, 3, l4 compared with 1 indicate
the sensitivity to inelastic cross section and to lack of duplication of

the fission spsctrum by the mock source., Unfortunately, ® has been

Pog

measured only for mock source Noo 1, and values sufficiently reliasble for a
precise evaluation of this effect are not yet knova for the fission spectrum

/
or for mock source No. 2. Cese 5 illustrates the effect of u 10~per cent

1
5

scattered neutrons are in the region of inpcreasing of(26)o

increase in P which might arise if a sufficient number of inelasticaliy

Experimental Arrangoment

Figo 1 shows the relative positions of the sphero and detectors,
The latter were spiral fission chambers made by Bright and Hoogterp in which
the fissionable material is spread ovér a cylindrioal volume about 3/&" in
diameter and 5/8" high, The 25 chamber contained 1%6 mg of 63-per cent
material, Two 28 chambers were used at different times, one containing
360 mg und the other 203 mg of material.

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

Shell " 0.D, I.Do Enrichment Wt
" TIn. “ine — e

1 " 1,500 C 06314 7%.0% 525
2 1,999 1.503 72.0% 7L9
3 2,500 2,040 70.0% 1238
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The hole in the center was lar<e ensurh to contain an B-curie PouNaBFh
mock fission source (No. 2) emitting abo&t 6 x 105 neutrons per seco

Thirty-minute runs were tuken with and without the sphere around
the source, the ratio being the value of the multiplication obtained for one
cycle. Once each cycle or once in two cycles, a fifteen-minufe background
was takeno Even with the highe-efflciency spiral chambers, the counting rate
was low, ranging from 9 to 25 counts per minute., This ﬁnde it import;nt to
obtain as low e background as possible, whereuas the necessity of working
at low biases, due to the high-capacity'of the chambers, makes them quite
suscoeptible to electrical distrubanceso'

During the first set of measurements, wade in the technical area
at the same time tﬁat Gro;p R-2 was measuring the multiplication with their
long counters, the electrical background was bad and very ervatic. This
made the results so uncertain thet a second set of measurements was made
outside the technical area where the background was stéady and wes only about
2 per cent of the counting rateo

Data: Table I gives the results of the two sets of measurements made on the

2=1/2 inch sphere. Also included are the results of a few measurements

mde in the technical urea with s 2.inch spheres,
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TABLE I
28 25
High Bias Low Bias High Biasg Low Bias
(1) First measurenent : 1.09 i.;°5 1,10 + .03 1°39i.°9“ 137 + o0k

Averages multiplication
of 2-1/2 inch sphere

Multiplication of a M28 = 1,07 :’005
2-inch sphere
(2) Second measurement : 1128 + o1y 1,147+ .01

Average multiplication,
with error calculated
from deviations of
individual cycles

Total number of counts
with source bare

Total counts with source
in sphere

Multiplication from ratio
of total counts, with
standard deviation

expected from this number
of counts,

Average multiplication
for second measurement

8160 8390

9200 9600

1.127 + 017 lolhki 017

M,g=1-136 + o017

M25 = 1.38 +.0k

10335 i <019
12, 630

16,870

10330 I 2016

i

=1.338 + .018

1,346 + .015

20,630
27,710

1,343 + 012

S

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

s S

Due to the buckground troubles mentioned above, the first measure-
ment is considered more uncertein than the second, and is welghted one third
as much as the second in obtaining the averages:

Myg =113 + <02 Mo = 1035 £ 202

This value of MES should be corrected for the effect of the 28
present in the 25 chamber. This correction of 1.5 per cent raises the -

multiplication for & pure 25 chamber to

Mo = 1037 + .02

Comparison with theory

In Table II are listed two different sets of aussumptions used by
Richman and Serber in caloulating the multiplication, with the values of

M end M obtained for each set,

28 25

APPROVED FOR PUBLI C RELEASE
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TABLE II

Pirst Set of Assumptions

Second Set of Assumptions

Rource Spectrum

Richards' old flsslon gpectrum
(Handbook!

Calculated G.n2

8 =027b

R
Spectrunf &8 measured for mock
¢source No.l(mock source Noe. 2

used in this experiment contains

some Be and probably contsins
some hizher energy neutrons).

-—-—8—
Calculated Sog = 31 b

Jo lilliams reports a measured
value of G .° = .27 b for
source Noe. ?

Fission Spectrum

Richards?® eold fission spectrum.
Average energy, 2.1 Mevo

Some new data of Richards®
based on~v 1250 tracks
Average energy ~~2.5 Mevo

Calculated Gggxfuo39 b

-

°f(25)

Bell-Koontz-Rossi data at low
energy. Flat at 1,33 b

for 0.6 < £ &£ 3.0 Mevo
Dropped above 3 Mev to O at

7 ,MeVo

Same, except at high energy
where it is taken to be flat
at 1,33 b for E »0.6 Mev,

Inelastic scat-
tering to ener-
gies below 1 Mev

For 1.0 £ b(Mev

1(25) = 105 b Oi(ea)l\laos b

For 1.0£LE :5}1 Mev.

i Capture

5= (.15) (1 - E/2)

5,28 = (:1) o.(25)

= (1) (1 - E/2)

9, (28) from, ?egre”s measur ement
ifi Handbook'/ and interpolation

1.2l

i
? ;
?

{ Calculated mule M., =105 = M . =1611 M _ =1.28
tiplication for 8 MES 28 25
2" sphere
Calculated multi- = 1.105 = 1.35 =1,185 M _=1.42
plication for : ”ée M25 Mée 25

2-1/2" sphere

1) 1A - 140
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The large inorease in the calculated value of M28 for the second
set of assumptions over that for the first set is due mainly to the change
made in the fissionISpectrumo The sensitivity of a 28 detector to such a
change is Bo great as to mask the effect of inelastic scattering as long as
the relative va]ues:of 5;55 and EEEX remain uncertain., It should be pointed
out that these average cross sections do not tell everything, since the shape
of the spectra is also of some importance. However, it is hoped that a
significant cowparison between théory and experiment can be made as soon as
data are obtuined om the average 28 cross sections for the fission spectrum

and for the spectrum of mock source No. 2o
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