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ABSTRACT

The U235 fission cross section was measured with about 80 kev resolution

from kOO to 1.600kev by comparison with the n,p scattering cross section.
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1. Introduction

The fission cross section of U235 has been measured in the region

1’2 The present experiment is similar400 to 16OO kev by several workers.

to that of Hall, Koontz, and Rossi,
2
whose results have been widely used,

and who quote an accuracy of about 5%for their most certain points.

Those authors made their measure=nt in 1943-1944using neutrons from

the Li(p,n) reaction. At the time the measurement was made it was not

realized that two groups of neutrons were present in this source. This

fact should introduce an error into their measurements in some energy

regions so that their results may be uncertain by as much as lW.

Since the war there have been many improvements in techniques and in

available equipment so that, in view of the importance of the fission

cross sections to the project and the desirability of using these cross

sections to determine neutron fluxes, a remeasurement of the U
235

fission cross section was undertaken.

The method used in this measurement

cross section relative to the scattering

was to determine

cross section of

the fission

hydrogen and

to use the known hydrogen cross section to obtain the fission cross

section. The n,p totkl. cross section has been measuredly several

groupss and is.expected to be reliable to about 1/2$ near 1-1/4 Mev.

The e~eriment consists of counting proton recoils ejected from a

hydrogenous radiator in a neutron flux while shultaneously counting

235 placed near the radiator.fissions occurring in a thin fih of U

-4-
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2. Experimentsl Equipment

The fission counter was essentially a parallel plate ionization

chamber (actually the electrodes were sections of cylinders) and the

proton recoil counter was a cylindrical proportiomil.counter. Both

counters were housed in a cylinder which contained the argon-carbon

dioxide mixture in which the counters operated. Figure 1 shows the

essential parts of the proportional counter.

2.1 Proton Recoil Counter

The proton recoil counter was 2“ in diameter and had an active

volume 2-1/2” long. The cylinder (A) was made of 0.00g” stainless

steel lined with 0.002” platinum. The wire (B) was 0.002” diameter

stainless steel. The active volume was defined by means of 1/4”

diameter field tubes (C) held at the proper potential to maintain

4
radial fields up to the ends of the counting volume. Inside the

field tubes and insulated from the wire was a 1/16” diameter guard

tube (D) which was maintained at the potential of the wire. Inside

the guard tube was a 0.016° outer disneter tube through which the wire

was threaded. This tube was in contact with the wire and served as

a convenience in assembly. The counter is operated at +1000 to +2500

volts on the wire, with the cylinder grounded.

2.2 Fission Counter

The negative electrode of the fission counter is the grounded

cylinder of the proportional counter. The collecting electrode of the

-5-
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fission counter is

thick, bent into a

tional counter and

counter is mounted

an aluminum plate 3“ wide by 3-1/2° long by 0.005”

section of a cylinder concentric to the propor-

separated by 3/4” from that electrode. The double

inside a gas envelope consisting of an 0.018”

well stainless steel cylinder 3-1/2° diameter and 17” long with a

hemispherical copper cap on one end and 1/4” thick steel base plate

on the other. The foils are located 12-3/4° from the base plate.

The envelope is normally surrounded by l/32° of cadmium to reduce

the effect of room-scattered neutrons. The counter gas is contin-

uously purified by a hot calcium purifier.

2.3 Foiu

The proton radiators consisted of thin films (65 to 650 micro-

grams total weight) of glycerol tristearate deposited in a l-1/32°

diameter circle on a platinum disk 2“ diameter by

glycerol tristearate was deposited by evaporation

5 X1O-5 mm Hg or better, and at a temperature of

platinum foil was bent around the cylinder of the

0.003” thick. The

in a vacuum of

about 250°C. The

proportional counter,

the radiator being placed over a 1-1/2” diameter hole in the cylinder.

The amount of glycerol tristearate on the foil was determined by

weighing it on a microbalance. Examination of foils subjected to

severe bending indicated that the glycerol tristearate does not

flake off under the handling conditions used.

The U235 f “101 s were prepared by Buddy Warren of Group J-n and

-7-
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consisted of 200 to 500 micrograms of

diameter circle on a platinum disk 2“

platinum foil containing the U
235

was

.

U235 electroplated onto a l-1,/32°j~~w

dismeter by 0.003” thick. me

bent around the cylinder of the

proportionell.counter so that the two foils were back to back and the

deposits were centered one upon the other.

3* Experimental Method

3.1 Setup

The source of neutrons for this experiment was the T(p,n) reaction

using the 2.5 Mev electrostatic accelerator for proton acceleration.

A 3 cm long tritium gas target was used. The entrance foil was 0.2

til aluminum and produced straggling in the proton energy of about 20

kev hslf width at half maximum. This straggling was due primarily to

inhomogeneity of the foils. In addition, the stopping power of the

tritium gas produces an energy spread of 20 or 30 kev at the target

pressures used in this experiment.

The counter was located at zero degrees to the proton beam and the

foils were 10-1/2 cm from the center of the target.

3.2 Fission Counting

Pulses from the fission counter were fed into a Model 101 preamp

and amplifier with a decay time of 4 microseconds. From the amplifier

the pulses were sent to a pair of Model 710 discriminator-scalers.

In order to determine the optimum bias setting for the discrimin-

ators the pulse height distribution of fission fragments was observed

on a Johnstone 18 channel pulse height analyzer.5 A convenient counting

-8-
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rate was obtained by surrounding the counter with paraffin to reduce

the average neutron energy. From observation of the pulse height spec-

trum and from the height of zilphapulses from the U foil, a bias voltage

was chosen such

of the fissions

for the fission

that no s2phas were detected, but as large a fraction

as possible was detected. Except for fixing the bias

discriminators,the multichannel anslyzer was not used

to count fission pulses. The two discriminator-sc~ers were used in

parallel as a check that the scsle??swere operating properly. Figure

2 Is an exsmple of a fission pulse height distribution obtained with

this counter. The pulse spectrum is distorted from the energy spectrum

of fission fragments because of the electron collection effect in the

ionization chamber.

3.3 Proton Recoil Counting

The proton recoil (proportional)counter was operated at a pressure of

argon-carbon dioxide which would assure that all protons of interest

would be stopped in the gas. Since the counter is cylindricsll.,a pro-

ton at a large angle to the neutron beem must not be allowed to strike

the wall. A pressure of 32 psi absolute was sufficient to achieve this

result for 1 Mev neutron energy. The counter pressure had to be suf-

ficiently low that pulses caused by X rays from the accelerator did not

reach sizes large enough to become confused with proton

This condition required pressures of less than about 45

for 1 Mev neutrons. Because of ‘.heserequirements, the

pressure was adjusted as required for different neutron

-9-
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voltage on the counter was adjusted to give a gas multiplication

tween 10 and 30.

Pulses from the proton recoil counter were fed into a Model

be-

101

preamp and to a Model 101 amplifier with a delay line clipper which

gave 3-microsecond wide pulses. From the amplifier they went to the

18 channel pulse height anslyzer. The amplifier gain and counter mul-

tiplication were adjusted to give proton recoil pulses with a maximum

height of about 100 volts. The analyzer was set to cover the range of

pulse heights from about 25 to 115 volts with 5 volt channel widths.

Since the proton recoil spectrum is obscured by carbon recoils below

28$ of the msximum proton pulse height, this range covers the useful

part of the proton recoil energy spectrum.

From the observable portion of the proton recoil spectrum, we

must deduce the nuniberof proton recoils which were made during the

time a known number of fissions were detected. me pulse height distri-

butions of proton recoils, except for deviations caused by foil thick-

ness and neutron energy spread, are rectangular. That is, there are

equal

pulse

tion,

pulse

numbers of pulses per pulse height interval.up to a maximum

height beyond which there are no pulses. To a first approxima-

te fraction of the proton recoils which lie above a certain

height P is Pm - P where Pm is the maximum pulse height. In this
Pm

approximation, if we count only the upper two-thirds of the pulse height

spectrum, then the total number of proton recoils which occurred is

3/2 times the number observed. In practice the theoretical pulse height

-11-
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distribution is deduced according to the methods given in

Staub,
6
as worked out by K. M. Case,7 taking into account

ROSSi and

the thickness

of the glycerol tristearate film, and the neutron energy spread. The

theoretical curve is fittea to the experimental curve and the total

number of proton recoils computed. Figure 3 is an example of the kind

of fit which was obtained. The solid line represents the theoretical

curve adJusted for the channel width and neutron energy spread. The

rise in the solid curve

dotted rectsngle is the

ly thin radiator due to

at low energies represents carbon recoils. The

energy distribution of protons r’roman infinite-

neutrons of a single energy. The points are

the experiments. points.

Knowing the amount of U235 on the fission foil and the amount of

hydrogen in the proton radiator and the numbers of fissions and proton

recoils which occurred during a run, one may compute the ratio of cross

235
sections of U and H except for numerous corrections and backgrounds.

3.4 Energy Variation of af

The experiment may be thought of as having two parts. One part

involves determination of the energy dependence of the fission cross

section and the other part the determination of an absolute cross

section at some energy. The experiment is broken up in this manner

because, in order to find the absolute number of fissions from a foil,

the uranium deposit on that foil must be

range of fission fragments. This limits

to about a thousand counts per hour. On

quite thin compared to the

the counting rates available

the other hand, if the absolute

-12-

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.

-—

I
~

–
~

—
—

—
—

.

L1~I,I
(

I
,

I,,10II

o

I
o

I
o0
i

II
o

/

IIIIII
I

I
m

F
’
)

73
N

N
V

H
3

/
S

N
O

IO
U

d

-
1
3
-

...—
.

“—
~

0

00

C
9

w

04’0W
)

0m
l

0

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



cross section is known at one energy, then we may use a rather thick

uranium layer for counting fissions at other energies and normalize the

data to the point taken with the thin layer. In determining the energy

variation of the cross section, a foil containing about 5 milligrams of ,93fl#’w

uranium was used, whereas for-determining an absolute value, a foil con-

taining about 360 micrograms was used.
— .,.i-—

To determine

energy, 14 points

Several different

/37/uJJ/~-

the relative cross section as a function of neutron

were taken at energies between 400 and 1600 kev.

thicknesses of proton radiators were used since the

variation of maximum proton energy over that range is considerable. In

this determination of relative cross section the various backgrounds and

corrections listed in the following section have little or no effect.

For instance, the hydrogen contamination of the counter would have no

effect so long as the counter pressure is undisturbed except for the

fact that this background does not produce a flat pulse height distri-

bution and so has a slight effect on the shape of the pulse height

distribution with the radiator in place. Likewise, the weight of the

proton radiator need not be accurately known since this is involved

only in a small thickness correction which varies with neutron energy.

3.5 Corrections, Backgrounds and Errors for Determination of the
Absolute Cross Section at 1.25 Mev

The effects listed below

(a) Proton recoils from

gas and wslls.

(b) Fission counts from

have been considered.

hydrogen contmnation of the center

room-scattered

-14-
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are of too low an energy to be detected by the proton recoil detector.

(c) Neutron scattering by the counter. These neutrons are rela-

tively more likely to be detected by the fission detector than by the

proton recoil detector because of the directional properties of the

proton recoil detector.

(d) Scattering of neutrons by the platinum backing of the foils.
I

‘I%edetectors are affected differently

properties.

(e) Target scattering. Neutrons

because of their directionsll.

scattered from the target sur-

roundings in general have lower energies than the primary besm through

the counter and so are relatively more

then in the proton recoil counter.

(f) Effect of the center of mass

the fraction of fragments counted.

(g) Determination of theU235 on

effective in the fission counter

motion of fission fragments on

the fission foils.

(h) Absorption of fission fragments by the uranium.

(i) Measurement of the hydrogen content of glycerol tristearate

radiators.

(j) Completely spurious counts in either counter.

Effect (a) is measured by inserting a blank platinum foil in place

of the proton radiator and making an emosure to the neutron beam, re-

cording the same information as on a regular run. This background is

about 4% of the effect

The effect (b) of

with a 400 microgram radiator.

room-scattered neutrons

-15-
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the target by a

cm tungsten cone

For purposes of

a cadmium covered U235 spirsl counter shielded from

shadow cone. The background was observed with a 25

and 24 and 34 cm paraffin cones backed with boron.

this experinxmt the three cones gave the same results. Measurements

were made with the spirsl counter 38 cm from the target, at zero and

90° to the proton be~and at neutron energies of 500 kev, 750 kev,

1 Mev, and 1.5 Mev. The magnitude of the background did not change

appreciably with neutron energy but was about 307$lower at 90° than at

0°. The background at 0° was taken to be

rate for the spirs2 counter unshielded at

the target.

The effect (c] of counter scattering

the counter with cylinders of cadmium and

tions and observing the effect on the ratio of proton recoils to fis-

1.27~ .22$of the counting

10-1/2 cm from the center of

was observed by surrounding

of iron in various combina-

tions. The measured effect of 1.35 ~ .36? is in agreement with a crude

estimate based on scattering cross sections.

The effect (d) of foil scattering arises because of the increased

average path length of neutrons in the uranium or hydrogenous radiator.

In computing this effect the angular distribution of elastic scattering

for platinum was assumed to be similar to that measured by Jurney for

gold and mercury with fission neutrons and a U238 detector.

effect on the determination of the fission cross section is

be o.k8~o.25~.

The effect (e) of target scattering was estimated by assuming an

The net

taken to

-16-
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angular distribution for scattering from materials near the target.

This effect was taken to be 0.18~ O.0~ at 1-1/4 Mev.

In this experiment the effect (f) of the center of mass motion of

the fission fragments is to increase slightly the fraction of fissions

which are lost because of absorption of the fragments in the uranium.

l%is is computed tobe 0.58 ~0.l@.

One determination of the mount of U*35 on the fission foils,

effect (g), was made by Buddy Warren of Group J-n at the time the foils

were prepared. Measured amounts of a solution containing the uranium

(99.85$ u235) inknon concentrationwere electroplated onto the plati-

num foils. This process deposits all but about 1$ of the uranium. A

fresh foil is then attached to the plating cell and the remainder of

the uranium is believed to be deposited on the second foil. This resi-

due is then determined by fission counting in a slow neutron flux ,

against a known standard foil. It is believed that this procedure should

give the amount of uraniumto an accuracy of 1%. As a check on the self-

consistency of the weights as supplied by J-n the alpha counting rates

of the four foils were measured. When small corrections for counting

losses due to foil thickness were made, the ratios of counting rates

differed from the ratios of weights by less than 1%. A check on the

amount of material on the foils was also made by comparing the foils

with thin stantird foils of J-U. by fission counting in a slow neutron

flux. After making the foil thickness correction (see next paragraph),

the weight of uranium checked within 0.2 ~0.~. To obtain a third

-17-
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check on the amount of uranium on the foils, a set of four foils was

painted by John Povelites of CMR-~t. The amount of uranium on these

foils was determined by micro-bslance weighing after conversion to the

oxide by heat treatment. These foils were compared with the electro-

plated foils by fission counting and the results agreed within 1~.

Several foils were analysed for uranium content by CMR-l, using a

calorimetric method, but the results were in poor agreement with the

other determinations and the method was not considered reliable as ap-

plied to the electroplated foils. The difficulty may well have been

caused by chemical impurities in the plated material. The assumed

weight of uranium is believed to be within 1.5* of the correct vslue.

Effect (h) is absorption of fission fragments in the uranium. If

the deposits were uniform and the foils flat, we could make this cor-

6
rection following Rossi and Staub, in which case the correction for

the most used foil (63 microgram per square centimeter) amounted to

0.74$%at the biases used. We may also obtain an esti~te of the effect

by observing in detail the low pulse height part of the fission pulse

height spectrum. When this was done, the low energy “tail’’wasfound

to have many more pulses

uranium thl.ckness. Also

this

ilar

tion

even

tail seemed to bear

than would be accounted for by the effect of

the fraction of the pulses which occurs’in

little relation to foil thickness and is sim-

for all four foils (200 to 500 microgrsmtotsl weight). Observa-

of the a-particle pulses from these foils showed the same effect,

considering back scattering, and a weak Pu source on a similar

-18-
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backing gave a similar pulse height distribution. It is assumed that

the effect ~s caused by a non-uniform surface. Since the platinum must

be thin to minimize interferencewith the neutron beam, it is not pos-

sible to obtain a perfectly smooth surface. As a result, som of the

fission fragments (and a particles) strike the foil and produce smaller

pulses than they should. Since all fragments leaving the uranium layer

produce some ionization, we extrapolate the observed pulse height dis-

tribution to zero pulse height and then apply the correction for ab-

sorption in the uranium. The totsl correction, including the extra-

polation, amounts to less than 2$ and the uncertainty

af by this correction should be less than l%.

The smount of glycerol tristearate on the proton

introduced into

radiators was

determined by weighing the platinum foils before and after evaporation.

The weights shouldbe correct to about lZ. Since several. different

radiators were used, we obtained a check on the weights. Of five ra-

diators used, one disagreed (in the fission cross section obtained)

with the others by l@. This result reproduced to better than l? on

a subsequent check and the assumption was made that the

foil had been incorrectly weighed. The estimate of the

from the deviations from the average for the other four

particular

standard eza?or

foils WS 1.6$,

whereas the standard error from statistics of fission counting alone

is l.@. Probably the weight of these radiators canbe trusted to 1%.

The hydrogen content of the glycerol tristearate titer evaporation,

effect (i), was measured by A. R. Ronzio. Two samples of about 20

-19-
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milligrams each were prepared in the same

a measurement of the hydrogen content was

as on unevaporated glycerol tristearate.

manner as the radiators and

made on these samples as well

The results obtained for the

evaporated samples were 12.49 and 12.43* hydrogen by weight compared

to the theoretical value of 12.44$$. The unevaporated sample contained

12.83$, probably indicating presence of volatile impurities which are

lost in the evaporation process.

The effect (j) of completely spurious pulses was troublesome only

in the fission counter where very low counting rates were obtained.

Such troubles were usually caused by faulty electronic equipment and

could be detected by leaving sll detection equipment operating when

the accelerator was not running. A routine check of this effect plus

the effect of background neutrons from various sources along the accel-

erating tube and target tube was made by operating in the usual manner

with the tritium in the target replaced by helium. Under these condi-

tions the counting rates of both protons and fissions were usually re-

duced to about l% of their values when the target was filled with tri-

tium. These counts

‘where in the target

not change greatly.

were due mostly to neutrons from tritium left some-

system, since tineratio of protons to fissions did

4. Results

The results for the

in Table 1. If one were

absolute cross section at 1.25 Mev are listed

to consider the estimate of standard error from

-20-
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Radiator

1

2

3

4“

5

Average 1.269 barns

●
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the variations

on corrections

csl and assume

—— _—. -.-, —

—“

in cross section in Table 1 and the estimates of error

listed in the preceding section as being truly statisti-

that no systematic errors are involved, then the over-

all accuracy of the result could be characterizedby a standard error

of 2$. This is most optimistic and the author would prefer to guess

that the value quoted is probably within 3-1/2$ of the true cross sec-

tion.

The energy variation of the cross section is shown in Fig. 4. The

n,p scattering cross sections used at the various energies are given in

Table2.

The solid

mined by

The points shown are normalized to 1.27 barns at 1.25 Mev.

curve drawn through these points is the cross section deter-

Group P-9 using a long counter as a neutron flux monitor.

The P-9 data are also normalized to 1.27 barns at 1.25 Mev. It is

suggested that the most probable values of the fission cross section

be taken from the solia curve, with estimates of error being given by

the bar+. The cross section is nearly the same as that determined by

Hall, Koontz, and Rossi2 in the region 1 to 1.6 hiev. Below 1 Mev this

work gives considerably lower values than those of Hall, Koontz, and

Rossi.
2
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513
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Table2

‘H>
barns

3.28

3.37

3.52

3.75

3.93

4.08

4.21

4.40

4.61
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6.10
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