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ABSTRACT

,

1 The ratio of the number of neutrons emitted per i’issionin 49

to the number of neutrons emitted per fissicn in 25 has been measured

by two different methods. The values of949/$25 obtained were 1.20~ 009

and 1.25~.12. The low-energy limits of the fission neutrons detected

in the two experimentswere .72 and 1.2 Mev respeotivelyo
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The number of neutrons emitted per fission in 49,’}49, relatiVe

%0 the purnberof neutrons emitted per fission in 25,+25, has been inves=

tigatedi The experimental observations are divided into tvJo categories:

The determination of the relative number of’neutrons emitted from known

masses ~f 49 and of 25 per unit of slow neutron flux, and the deter.nina-

tion ofthe relative number of fissions per microgram of 49 and 25 in the

same neutron

I&&&

In

Gpectrum. From these observations one oan obtain the desired

both of these experiments the souroes of neutrons were lithium

targetsO approximately75 kv thick, bombarded by

by Van de Graaff generators. The maximum gne~gy

therefore 0.15 Mev. These primary neutrons were

1.95 Mev protons accelerated

of the primary neutrons was

transformed to slow neu’tons

by surrounding the target and detectors by either paraffin or water, The ad-

vantages of this source of slow neutrons are the complete absence of pfiiwry

neutrontiof sufficient energy to be confused with the neutrons arising from

the fissioh process and

action near the neutron

the fortuitously large yield from the Li (p, n) re-

threshold.

PROTON-RECOIL !lET!!OD

‘Therelatjve number of neutrons emitted fr~mkno~ ~~~es 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 SW*O

rounding a sample of fissionable material. The experimental chamber is

shown in’Fig. 1. ——
—----—–-—.. _-_...— .— —- . .—-—
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I
The outer cylinder, A, serves as a grounded electrostatic

.

I shield and a container for 8pectroscopioallypure

sq. in. The copper-plated cylinder, ?3,serves as

electwode. The central collecting electrode is a

argon at 100 lbs. per

a positive hi~h-voltage

hollcw brass tube. The

outside,of this tube is covered with a *lthick’t(approximately 1/4 mm) paraffin

coating over which is rolled a single layer of aluminum foil 0.15 mg/um2 thick.

This aluminum provides a conducting surfaca for the collecting electrode. It

also reduces the energy of undesired recoils from the enclosed paraffin which

f’energies up to 150 kv, that kve notare pro@ced by primary neutrons, o.

been slowed by the paraffin surrounding the whoLs counter. Known masses of

fissionablematerials oontained in soft-glass capillaries are placed within

the oentral tube. ‘fhusthe slow neutrons incident upon these materials pro-

duce fissions and associated fast neutrons within the tube. Some of these

neutrons produce reuoils in

as single ionization pulses

Observations were

the surrounding paraffin la,yerwhich are detected

in the gas space inside the high-voltage electrode.

made of the number of such pulses with a sample

of normal alloy containing 3780 micrograms of 25, with 142.32

of 49, And with no material, contained in identical capillary

3.7 microgram

tubes which were

separately introducedwithin the central hollow electrode. These numbers were

normalized to an arbitrary unit of slow-neutron flux by simult&eous recording

of the fission rate in an adjacent monitor chamber whiah contained 238 micro-

grams of 25- Table I shows the actval date.obtained in 30 hours of opera-tion~

Also shown is the statistical error arising from the limited numbers involved.
.-— ?—

—— -,— .-- .—
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25+ Background
L-L=.:.

49+ Background:.
.— k .

# neutrons
observed 31C0 650 465

1

I

,——

# monitor oounts

100
7115 12037 23134

_l_.-.

# neutrons x 10,000
.-a . —. —

# monitor counts 43.57? .78 5.4.ot.21 2oolt 009

l_

. ..—..——

Net rate 41.562.79 3.39~.23

.— I —:. ..”.

TABLE I.

It is claar from these data thut the relatively large background

counting rate makes it difficult to obtain a high degree of accuracy. It

is worth noting that one can account for this background by assumin~

the materials of the chamber oontain one part in a million of boron.

THORIUM-FISSIONM31YiOD

The second method of determining the relative number of neutrons

emitted from hIown masses of 49 and 25 is based on an entirely different

physical phenomenon. h this case the fission neutrons were deteoted by
t

their ability to produce fission in tho~gium, whereas the primary neutrons

had ene~gj,esless than the 1.2 Mev fission thresholdxof thorium. The de-

tection efficiency, 2 x 10-6, is extremely low compared to the former exper-

iment. For this reason 1% was necessary to employ a slow-neutron flux of

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

I ,.

* This wlue of the thrmhold
which will be reported later.

was determined in a separate investigation
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,
The experimental chamber is shown to in.icescale in Fig. 2.

A series of nesting aluminum cylinders, connected together to form the

oollector and the

approximately 3.5

groun&ed aluminum

high voltqge electrode, were coated with thurium oxide*

mg/&m2 thick. These electrodes were surrounded by a

cylinder. The whole chamber VCM surrounded bya luoite

cylinder which was submerged in a water bath. The slow neutrons present

produc@d fissions and associated fast neutrons in the fissionable materials

oontained within the hollow innermost electrode. These fast neutrons pro-

duce fission in the thorium layers. The secondary fission fragments are

detected by their ionization in the air at atmospheric pressure between

the ohamber electrodes (separation-U 1.5 mm).

In this experiment an appreciable background counting rate arises

from photofission of the Th by gamma rays created by slow-neutron capture

**
in the materials of the chamber . Tests revealed that o’>pper,brass and

especially iron were objectionable. Aluminum appeared to be tinemost suit-

able material for construction of such a counter. Also it was ne:essary

to use the minimum aiiountof thorium commensurate with adequate detection

efficiency in order to reduoe tlnisbackground effecto For these reasons

the small aluminum chamber s;lownin Fig. 2 zms finally adopted.

The results of a 24-hour run are shown in Table 11.

* The thorium oxide was purified to remove U by S. Weissman, by the use
of the ether-extractionprocess. Analysis by fluores~encc technique of
the purification products showed the U content to be e .l/lo~.

——
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I 497o ~ Of Z5 .‘ 142.323.7 Ug of 491
+-Background I +13ackground * Background

# neut~ons
I

..——Fe — ..

de-te$ted 3006
I

694 298

I}monitor
—-—r..

oounts /64 9762 19549 18172

.#neutrons x64UO0

‘ ---i--

.—

~onitor oounts— 308.0t 5.6 35.4821.35 16.41~.95
,.

Net rate 291.6? 5.7 19007? 1.67

-

E

‘TA13LE11.

The statistical errors shown are calculated from the number of

neutrons counted.

PROTON-RECOIL WTHODWITH I)IFF!?RMTBIAS .

A third attempt to deternine the relative number of neutrons

V!HS made. This experiment mnployed the proton-reooil chamber described

above, in a region of slow-neutron flux approximately ten times as great

as in the first experiment. Under these circumstances it was found necessary

to bias tineproton recoil detector to accept only pulses of greater magni-

tude than in the former experiment. The effect of such biasing was to i’~d~c~

the net effeot due to the small 49 sample relative to the background counting

rate. This reduction makes the results less trustworthy but it is of interest

to repor-t them inasmuch as the bias may influence the value of449~25 as

will be discussed later in this report. Thcsg observationsfi~g.ti~ultited

below.

s-“

.1

I

-9-
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# neuirons
detdcted

#monitor counts

100—

# neutkons x 100

#monitor counts

Net rate

—

-1o-

3780 Ug Of 25 142.323.7 Ug Of
+- Background 49+ Background Background

-—.

3547 1444 1689
.—.—. -

4622 8314 13732

.770t.o13 .174*.0046 .U3teoo30

.6~7x.o13 .0512.0055

TABLE III.

The above three experiments determine the relative number of
.

neutrons emitted per microgram of 49 and 25 if’one assumes that tho

neutron speotrum produced by eaoh is the same. There is no experimental

evidenqe on the spectrum of the neutrons from the fission of 49. In the

ease of 25 Bloch and Staub (CF 525 and LA 17) have shown that the maximum

of the spectrum occurs at approximately 0.8 ?&w. The minimum-energy neutrons

detectdd in the three experiments described above are .72, 1.2 and .86 Mev

respectively.

If the neutron spectra were appreciably different in the energy

range above 0.7 Mev,

might be expected to

proton ‘detectoras a

indioates that it is

results of the three

spectrum above 1 Mev

the ratio@49/fi5 obtained in these three experiments

be different. However the sensitivity of the recoil-

funotion of neuixon energy, as calculated by Richman9

not possible to make a definite distinction between the

experiments. In all cases, only that part of the fission

is detected with appreciable efficiency.

_.-—
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RELATIVE FISSION CROSS SECTION

In order to oblain#4/~5 , or

per fi,ssion,from the relative number per

the relative number of neutrons

inicrogram, it is necessary to

detemqine the relative fission cross seotion of these materials for the

particular neutron speotru[?lemployed in the experiment described above.

For the parqffin geometry pertaining to the first and third
I

experiments we have compared

containing the 49 sample with

were 0.718~0.013 Z and 1.12~

two aliquots of the original solution
F

various uranium sarn~les. These ali.quots

0.02 % of the amount of 49 used in the neutron

experiments. The number of alpha particles from these aliquots when dried

I

in a thin film on platinum has been independentlydetermined by Mr. Chamber-

lain and by members of the chamical group. Dr. A. C. l%hl also dertormined

the mass of these samples by further dilution and alpha countingq Aseum-
,

ing that 49 has a half-life of 21,300 years the masses of theso aliquota

was found to be 1.02~.02 and 1.60~e03 mi.orogramsrespectively, FrOm

these values ar.dthe percentages of the original material in theso aliquots

the mass of 49 used in the earlier experiments is calculated to be 142.3%

3.7 micrograms.

The 25

a double fission

samples$ witinwhich these aliquots have been compared in

ohamber to give relative fission cross section, are thin

foils of normal uranium containing .65, 3.54 and 10.6 micrograms of 25

and an enriched sanple containing 17.9 micrograms of 25. The 25 content

of the:latter samplo was obti~inedby oomparing it with 500- and 1500-

microgiam foils of normal alloy.

These intercomparisonsrmreal that the cross section for fission

of 49 is 1.t33&3Z times that of 25 for the paraffin geometry ease if one

acoepts the masses of the 49 sampl.e8to be those detemined by ll~phaqm’tick

counting methods.
——--

‘3im=-

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



-12== ~@—--—
~

llea~urementson the heavier aliquotW49 and the 09(;5Ug Of’

I

----1

25 described above show that the relative moss section for fission with

water geometry is essentially the same as that determined for the paraffin

geometry.

R?:~uCT~()~JOF DJ&T~

The data described above can be treated in several ways to ob-

tidinwilues for449/@d5. We have considered that the least uncertainty

in the ‘resultwill occur if the ali.quotsare taken to be the measured

0.718~’O.O@ and 1.12~0.02j{ of the amount of the 49 used in the neutron

experiments. If M% and M9n be the masses of 25 and 49 respectively used

in the neutron experiments, M5f the mass of 25 used in the nest reliable

fission-comparisonexperiments, Mgfl and Mgf2 the masses of 49 in the two

aliquots of the total 49 sample, these ali.quotsbeing used in the fis~ion

compu~son expcrinents, we may represent the two experiments as follows.

The relative number of neutrons observed in the neutron-comparison

experiments is

The relative number of fissions observod in the fission-comparison

expcritientsis

F~ M5f ~25
—=

F9 %fi ’49

Therefore

+49 ‘5/F9i %fi ‘5n

—x —x—
$— = ??~/N925 %n %f

The observations and the values of these quantities are listed

below with the results calculated for each of the three neutron-=co~p~rison

experiments. ..

—

m
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PROTOL-R5COIL!?XPRRI!:E3’I’BIAS .72 Mev

.=-/i.

(1)

(Za)

(a)

(3)

(4)

(5a)

(5b)

(a)

(b}

N5
—=
Ng

WF91

*5/~
92

M*

‘5f

%f~

%rl

%2

‘9n

*49

+ 25

$49

T 25

We then have

*49

v’25

41.56& .79
= 12.2527$

3.392.23

1.25s1.8%

.0112 * 00002

.00718~ 000013

1.252 108% ~9fl * ‘5n

12s25=7% ‘% ‘5f

1.25t 1.8$ 3780

12.2527$
x oQ1122 1.8% X

3.54

1.222~ 7&

1.87=2.2%
x

12.25= 7$

an average value of

—.

‘–- ~
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I All other data the same as in AQ

We then have an average value of

C. THOR3UM-FISSIOXDWECTOR

~5/N9 =(1)

(3) ‘5n

1.163.13

291.6L5.7
15.30t 8.8x

19.07= 1.6’7=

All other data the same as in A.

+~cJ; (b)
1.87~ 2.2% 4970

x .00718~l.8$ X—Z lc122t.12
=

15.30~ 8.8% 3054
‘25

Averages 1.252.12

It is olear from the values Of ~49/#25 obbin~ds ~melys 1020~oQ9~

1.162.13 and 1.25? .12, thtitit ia not possible to distinguish any effect of

differences in ~ whioh maybe cau8ed by differences in tho fission speotrurn

of 25 and 49. One may therefore conolude that these experiments indicate

that the valua of #49/~25 is 1.20t.09.

b’ ‘-
1
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