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ABSTRACT

’

3 The ratio of the number of neutrons emitted per ission in 49
to the number of neutrons emitted per fission in 25 has beén measured
by two éifferent methods. The values of~¢49/$%5 obtained were 1.20% ,09
and 1.?53:.12. The low-energy limits of the fission neutrons detected

in the fWO experiments were .72 and l.4¢ Mev respectivelye
|
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MEASUREMENTS OF /%),

The number of neutrons emitted per fission in 49,ﬁ)49, relative
to the ﬁumber of neutrons emitted per fission in 25,1325, has been inves-
tigatedL The experimentél obgservations are divided into two categories:
The detérmination of the relative number of neutrons emitted from known
masses gf 49 and of 25 per unit of slow neutron flux, and the deterainae
tion of the relative number of fissions per microgram of 49 and 25 in the
same ne;tron gpectrum. From these observations one can obt;in the desired
Yao/Ves5e

In both of these experiments the sources of neutrons were 1lithium
targets, approximately 75 kv thick, bombarded by 1.95 Kev protons accelerated
by Van de Graaff generators. The maximum energy of the primary neutrons was
therefore 0.15 Meve. These primary neutrons were transformed to slow nsutrons
by surrounding the target and detectors by either paraffin or water. The ade
vantageé of this source of slow neutrons are the complete absence of primary
neutrons of sufficient energy to be confused with the neutrons arising from
the fission process and the fortuitously large yield from the Li (p, n) réo
action near the neutron threshold.

PROTON-RECOLL METHOD

The relative number of neutrons emitted from known masses of 49
and 25 has been observed by two independent methods. The first method was
to count the number of protons recoiling from a thick paraffin layer sure
rounding a sample of fissionable msterisl. The experimental chamber is

——
shown in Fig. i. -
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The outer cylinder, A, serves as a grounded olectrostatic

shield and a container for spectroscopically purs argon at 100 lbs. per
SQoe in.: The copper-plated cylinder, B, serves as a positive hizh-voltage
electrode., The central collecting electrode is a hollow brass tube. The
outside. of this tube is covered with a "thick" (approximately 1/4 mm) paraffin
coating over which is rolled a single layer of aluminum foil 0,15 mg/'cm2 thicks
This alﬁminum provides a oonducting surface for the collecting electrode. It
also reduces the energy of undesired recoils from the encloéed paraffin which
are produced by primary neutrons, of energies up to 150 kv, that have not
been sléwed by the paraffin surrounding the whole counter. Known masses of
fission;ble materials contained in soft-glass capillaries are placed within
the central tube. Thus the slow neutrons incident upon these materials pro-
duce fiésions and associated fast neutrons within the tubs. Some of these
neutrons produce recoils in the surrounding paraffin leyer which are detected
as single ionization pulses in the gas space inside the high-voltage electrode.

. Observations were made of the number of such pulses with a sample
of normgl alloy containihg 8780 micrograms of 25, with 142.3% 3.7 micrograms
of 49, ;ﬁd with no material, contained in identical capillary tubes which were
separately introduced within the central hollow electrode. These numbers were
normalized to an arbitrary unit of slow-neutron flux by simultineous recording
of the fission rate in an adjacent monitor chémber which conteined 238 micro-

grams of 25+ Table 1 shows the actual date obtained in 30 hours of operation.

Also shown is the statisticul error arising from the limited numbers involved.

e e
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25 4+ Baokground 49 4 Background Background
it neutrons
obsarved 3100 650 465

#f monitor counts

100 7115 12037 23134
# neutrons x 10,000 . .

' 4+ +
# moniktor counts 43,575 .78 5.407 .21 2,01X 5,09
Net rate 41.56% .79 3.39% .23

TABLE I.

It is clear from these data thut the relatively large backzround
countiné rate makes it difficult to obtain a high degree of accuracy. It
is wortﬁ notinz that one can account for this background by assuming that
the materials of the chamber contain one part in a million of boron.

THORIU¥~Fi SSION MITHOD

The second method of determining the relstive number of neutrons
emitted from krown messes of 49 and 25 is based on an entirel&r different
physical phenomenon. In this case the fission neutrons were detected by
their ability to produce fission in thorium, .whereas the primary neutrons
had energies less than the 1.2 Mev fission threshold '*of‘ thor iume. The de-
tection efficioncy, 2 x 10"6, is extremely low compared to the former exper<
iment. For this reason it was necessary to employ a slow-neutron flux of

approximately 107 as compared to the former flux of 3 x 105.

)

* This walue of the threshold was dotermined in a sepurate investization

which will be reported later. . e
. iroveD ror P
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The experimental chamber is shown to t.ice scale in Fig. 2o
A series of nesting aluminum cylinders, conneccted together to form ﬁhe
collector and the high voltage electfode, were coated with thorium oxide™
-approximately 3.5 mg/Bm? thick. These electrodes were surrounded by a
groundéd aluminum cylinder. The whole chamber was surrounded by a luocite
cylinder which was submerged inAa vater bath. The slow neutrons present
produced fissions and associated fast neutrons in the fissionable materials
contaiﬁed within the hollow innermost electrode. These fast neutrons proe
duce fission in the thorium layers. The secondury fission fragments are
detect;d by their ioniszation in the air at atmospheric pressure batwsen
.the chamber electrodes (separation ~ 1.5 mm).
| In this experiment an appreciable background counting rate arises

from photofission qf the Th by gamma rays created by slow-neutron capture
in thejmaterials of the chamber . Tosts revealed that ovpper, brass and
especially iron were objeotionable. Aluminum appeared to be the most suit-
able material for constiruction of such a counter. Also it was ne:essary

to use the minimum amount of thorium commensurate with adequate detection
efficiéncy in order to reduce this background effe;to For these reasons
the small aluminum chamber shown in Fige. 2 was finally adopted.

The results of a 24~hour run are shown in Table I1.

* The thorium oxide was purified to remove U by S. Weissman, by the use
of the ether-extraction processe. Analysis by fluoresdence technique of
the purification products showed the U content to be « .1/106.

¥* This was established in a series of tests_to be described-inm & separate
report. e e T
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4970 ug of 26 | 142.3% 3.7 ug of 49|
+ Background + Background > Backzround
J neutrons -
dete¢ted 3008 694 298
}} monitor
counts /64 9762 19549 18172
{f neutrons x 64000
JF monitor counts 308.0 % 546 35.48X1.35 16.41% .95
Net rate 29106: 5.7 19007: 1.67

TABLG 11.
The statistical errors shown are calculated from the aumber of
neutrons counted.

PROTON=-RECOIL }MBETHOD WITH DIFPERENT BIAS

A third attempt to determine the relutive number of neutrons
was made. This experiment employed the proton-recoil chember deszribed
above, in a region of slow-neutron flux approximately ten times as great
as in the first experiment. Under these circumstances it wes found necessary
to blas the proton recoil detector to accept only pulses of greater magni-
tude than in the former experiment. The effect of such biasing was to ieduce
the net effeot due to the small 49 sample relative to the backzround counting
rate. This reduction makes the results less trustworthy but it is of interest
to report them inasmuch as the bias may influence the value of*ﬁkgA)zs as

will be discussed later in this report. These observationg_ggg_tabulated

T

belowe.

a——
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3780 ug of 25 142.3% 3.7 ug of
4+ Background 49 4 Background Background
ff neutrons
detected 3547 1444 1689
# monitor counts
' 4622 8314 13732
. 100
# peutrons x 100
‘ J70% 013 .174 X 0048 .123 % ,0030
# monitor counts .
Net rate .647 £.,013 081X .0056

TABLE 111

The above three experiments determine the relative number of
neutrons emitted per microgram of 49 and 25 if one assumes that the
neutron spectrum produced by each is the same. There is no experimental
evidenge on the spectrum of the neutrons from the fission of 49. In the
case of 25 Bloch and Staub (CF 525 and LA 17) have shown that the maximum
of the spectrum occurs at approximately 0.8 Meve The minimum-energy neutrons
detectéd in the three experiments doscribed above are .72, 1.2 and .86 Mev
respectively.

If the neutron spectra were appreciably different in the energy
range ébdve 0.7 NMev, the ratio w29/$§5 obtained ir these three experiments
right be expected to be different. However the sensitivity of the recoil-
proton Hetector as a function of neutron energy, as calculated by Richman,
indicates that it is not possible to make a definite distinction between the
results of the three experiments. In all cases, only that part of the fission

spectrum ebove 1 Mev ig detscted with appreciable efficiency.
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RELATIVE FISSIQN CROSS SECTION

| In order to obtain \)49/;J25 s or the relative number of neutrons
per f‘i:ssion, from the relative number per microgram, it is necessary to
determine the relative fission cross seoction of these materials for the
partioular neutron spectrum employed in the experiment described aboveo
For the paraffin geometry pertaining to the first and third

experiments we have cbmpared two aliquots of the original solution
cont&ilning; the 49 sample with various uranium samples. These aliguots
were O:-°718-"2 0.013 % and 1.12¥ 0.02 % of the amount of 49 used in the meutron
experiixxents. The number of alpha particles from these aliquots when dried
in a thin film on platinum has. been independently determined by Mr. Chember=
l;nn and by members of the chmmical group. Dr. A. C. Wahl also determined
the mass of these samples by further dilution and alpha counf:ing.,, Assum=
ing th;.t 49 has a half-life of 21,300 years the masses of these aliquots
wag found to be 1.022% .02 and 1.60% .03 micrograms respectively. From
these values and the percentages of the originai msterial in these aliquots
the mass of 49 used in the earlier experiments is calculated to be 142.3%
3.7 miérograms.

The 25 samples, with which these aliquots have been compared in
a double fission chamber to give relative fission cross section, are thin
foils 61‘ normal urenium containing .65, 3.54 and 10.6 microzrams of 25
and an enriched sample containing 17.9 micrograms of 25. The 25 content
of the.;latter sample was obtuined by compuring it with 500- and 1500-
microgfam foils of normal alloy.

These intercomparisons reveal that the cross section for fission

of 49 is 1.83% 3% times that of 25 for the paraffin geometry case if one

acospts the masses of the 49 samples to be those determined by alpha=particlae

counting methods. ' e

BLI C RELEASE
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Measurements on the heavier aliquot™5T 25 and the 0.065 ug of

P' 25 described ubove show that the rolative cross section for fission with
water geometry is essentlally the same as that determined for the paraffin
g;eomgtry.

RIEDUCTION OF DATA

The data desoribed asbove can be trested in several ways to obe
tain values for 049/@&5. We have considerad that the least uncertainty
in the ;result will occur if the aliquots ars talzen to be the measured
0.718+'0.013% and 1.12£0.027 of the amount of the 49 used in the neutron
exporiments. If Mg, and Mg, be the masses of 25 and 49 respsotively used
in the :neutron experiments, Mgp the mass of 25 used in the most reliable
fissioni-comparison experiments, Mgfl and Mgfz the masses of 49 in the two
aliquots of the total 49 sampie, these aliquots being used in the fission
b compa.rifson experiments, we may represent the two experiments as follows.

| The relative number of nsutrons observed in the neutron-~comparison
experinents is

N5 Mgy Oz Y25
Ng =~ Tgp Ga9 ~49

The relative number of {issions observed in the fission-comparison
expcriments is

Fg  Mgr Oz

Fg  Mor, T49

1]

Therefore

Y49 F 5/pg, Yor, Mon
= X X —

¥ 25 "8/, Yon Yse

The observations and the values of thess quantities are listed

|
. below with the results calculated for each of the three neutron-co-perison
experiments.
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L. PROTON-RECOIL EXPRRILENT — BIAS .72 NMev ™
Ng 41.56 ¥ .79 .
(1) = = 12.25%7%
Ng 50393 023

1

(2v) Fs/Fg = 1.87%2.2%

(3) Mgy = 3780 %
(4) Mg, = 3.54%
M9,{']'
(5a) = .0112¥.0002
Mon
D Mog
(5b) = ,00718% .00013
M9:1
Py 1.25% 1.8% Mo, Mg,
(@) -3 = Tewzstia T
25 v25= 7% ¥Mon Yy
1.25% 1.8% o112t 1.87 3780 -
:- vy aperregemgeanadi S 3 - [ "3 S tmrer———
12.25% 7% * Fm
=z 1.222%73%
Y e = x L,00718%1.8% =x = 1,176 74%
(b3 Vo5 12.25% 7% 3054 #

We then have an average value of

V49
Pas

1.202 .09

.
-

/
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B, PROTON=RSCOIL EXPIRIMYET BIAS of .86 Vov

.647% ,013
,051 * .0065

Ng = -~ 12.68%t11%
1y g =

All other data the same as in Ao

We then have an average value of

' _3.._1)49 1,16~ .13
| 25 - . .
Co THORIUM-F1SSION DUTECTOR
1 Ng/ _ 291.6X5.7 15.30% 887
( Yo = ToorzTer = 1990708
(3) Mg, = 4970 ¢

All other data the same as in A,

1.25%1.8%
{a) Va9 e X ,01122 1.87 x
V25 15.30% 8.8%
1.87% 2.2%
(v) Vag o T x .00718%1.8%
Vos =  15.30% 8.8%

- Average = 1.25% .12

L
W, *Y

4970
~1.28%.12

4970

= 1.22% .12
3,54

X

It is clear from the values of V,o/3),c obtained, namely, 1.20X .09,

1.16 £ .13 and 1.25% .12, thut it is not possible to distinguish any effect of

differences in WV which may be caused by differences in the fission spectrum

of 25 and 49.

that the :value of V49/1)25 is 1.20%.09.

One msy therefore conclude that these experiments indicate

ra) RELEASE



