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ABSTRACT

Several values of the fission cross section of 25 betwesn 0,35 and
2.5 Mev were measured by comparison with the scattering cross section of
hydrogen. For this purpose a double chamber was used, one half of which cone
tained an enriched 25 fission foil, the other half a thin foil of glycerol
tristearate. With the same chamber and & depleted 28 foil in place of the glycerol
tristearate, the fission cross section of 28 w;s compared with the fission cross

saction of 25,

el
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1. INTRODUCTION

The fission cross section of 25 at high energies has been measured at
Wisconsin by Hansonl) using a ooincidenco~proportional-counter method and by
Bonadict and Hansona) using a manganese=bath method. While there was reeson to
believe that the relative values of o p(25) given by these memsurements were
fairly accurate, great uncertainty existed as to the absclute scale. This is
shown by the disagreement between the two methods which gave, at 1.0 Mev, vulues
of 1.6 and 1,2 barns respectively.

The present experiment was designed to establish more accurstely the

absolute scale for o ¢(25) as well as to check the dependence of this quantity

on energyo

2, EXPERIMENTAL METHOD

Thé most promising method of attack was that of measuridf the fission
cross section in terms of the scattering cross section of hydrogen, which is the
only cross soction accurately known in the region of LOO kv to 5.0 Mev, This
oross ssction has been measured by williams3) and by Bretscherh); their values

are in agreement with the curve calculated by Bohm and Richman5>o The values

!

1) Report CF = 618
2) Report CF = 638
%) Report CF - 599
L) Report BM -~ 62
5) Report UCRL - 320
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given by this latter ourve are probably accurate to about 2% in region of 1.0 Mov
and to about 5% at the extreme snergy ranges mentioned. Since the writing of this
roport some of the theorists have come to the conclusion that this error may be
somewhet higher., In brief, the '‘experiment counsisted of measuring the neutron flux
in terms of crs(H) by counting the hydrogen recoils ejected from a hydrogen radiator
placed in the neutron beam and then finding crf(25) in terms of crs(H) by counting
the fission particles from & lmown amount of 2% when placed in this neutron besnm.

Since the energy distribution of the hydrogen recoils is believed to be
spherically symmetric in the center-of-mass system, the energy of the recoils will
be distributed uniformly from a maximum value equal to the neutron energy in the
forvard direction to zeroc at 90° to the incident neutrons., Because of this con-
tinuoue distribution of recoil energy to zero only a fraction B of the recoils can
be counted, In order to determine this fracticna/y o which depends on the bias
energy, it will be necessary to use a recoil chamber for which the pulse-height
distribution can be caleculated.

Two general types of hydrogen recoil chambers are known. The hydrogen
may be present as a gas, occupying the entire chamber, or as a thin layer of hydre-
genous material such as paraffin. The hydrogen~{illed chamber has the disadvantage
of a "wall effect™ since the protons originate throughout the entire chamber. This
effect can be caloulated but it is troublesome. Also in this case one must use ion
collection, rather than electron collection. This requires the use of slow amplifiers
which do not permit high counting rates and are accompanied by troublesome micro-

phonics unless the parts of the chamber are very rigidly construoted. On ths other

hand; heavy chamber walls are u ," s on account of possible nsutron scattering,

UNCU\SSIHED




ki UNCLASSIFIED

A thin-paraffin chamber was constructed by Staub (feport forthcoming)
for the purpose of studying the energy spectrum of fission neutrons. Staub
found that reasonably good agrecment between experimental and theoretical bies
curves can be obtained. The thin-paraffin chamber permits the use of electron
collection and therefore of fast amplifiers. With fast amplifiers high count-
ing rates oan be used and troublesome microphonigs ars not present even though
the chamber walls are not massive, For these reasons the thin-paraffin chamber
was chosen in preference to the ges chamber,

In the design of a chamber for the presont experiment the following
features viere desirable.

1o Recoil and fission particles should be counted simultaneously.

2. Hydrogen and fission folls should subtend the same solid angle from the
target and lie as nearly as possible in the same plane.

3. The amount of scattering material in the ohambsr should be kept to a
minlmum. .

LL. Electron collection should be used,
The first two items are very important because they eliminate the need of
monitoring betwsen the two sets of measurements, the need of accurate determination
of position, and the need of any correction for different solid angles subtended
by the two Pails, The third feature is important in order to minimixe the un-
certainties due to scattering by the walls of the chamber.

In using electron collection it is desirable that the range of the

recoils be small compared to the depth of the chamber (perhaps one third or less),
For satisfactory electron collection in argon, it is usually necessary to purify

the gas in order to prevent electrom capture, Circulating the gas over hot
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ealcium metal seems to work satisfactorily. Rubber gaskets are objectionable,

Neoprene gaskets may be usable, but metal gaskets are definitely to be preferred.

3. EXPERIMENTAL ARRANGEMENT

(2) Chamber

A cross section of the chamber proper is shown in fig. 1. The coi-
lecting electrode for recoils, the high-potential electrode, and the collecting
electrode for fission particles are each fastened to the guard ring by a aet of
three insulators. Thses insulators are made of glass rods abhout 3/32" in diameter,
The ends of the glass rods are platinized and then soldered into the hollow heads
of small brass sorews. The high potential electrode assembly comsists of two
brass rings with two ,002" platinum foils clamped between them. The &wo foils
which carry the fissionable material and the thin layer of hydrogenous material
are placed back-to-back so that the two foils are essentially in the same plane,
The active layers are one inch in diameter. The paraffin chamber is 1.3l cm deep
and the fission chamber has a depth of 0.8 oms., The colleoting electrodes are
about 1/5&" thick and the other parts of the chamber are correspondingly light in
welght. The dotted lines show the approximate ranges of 1,0 Mev hydrogen recoils
and of fission particles with 7 atmospheres of argon in the chamber,

Fig. 2 shows the chamber mounted at a distance of about 15 inches from
a base plate by means of two light-weight brass tubes., Over this assembly is
placed a thin-walled (about 1/6,") brass ocap which is sealed to the base by means
of a fuse-wire gasket. Connections to the electrodes are made through Kovar-
glass seals, The leads to the high-potential electrode and to the collecting
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slectrode of the fission chamber are carried in through the supporting tubes in
order to shield these leads from tne lead going to the collecting electrode of

the recoil chamber. For purifying the gas, a Ca=filled tube is mounted on ons

side so that the gas circulates through it when the purifier is heated,

(b) Glycerol tristearate Films

Glycerol tristearate wes chosen for the H radiator in preference to
paraffin because it has a more definite chemical composition. The films were
deposited on ,002" platinum by evaporation from a furnace in s vacuum. The
platinum foll was heated to redness and then weighed several times on an assay
balance before and after deposition of the glycerol tristearate. The weights
used wero carefully calibrated against Bureau of Standards welghts, The weights
of the films used should be known to 1%. An analysis of the hydrogen and carbon
content of the glycerol tristearate was made by Mr. Potratz's group. It is
believed that the error in the hydrogen content of the radiator is 2% or less.

(e) Electronic Circults

Fig. 3a shows a block diagram of the eleotronic circuits. The pulses
from the fission chamber go through the pre-amplifier and the amplifier into a
discriminator and scaler. By a discriminetor circuit we mean a circult which
will pass all pulses larger than some specified size and reject all those which
are smaller. The bias level can be adjusted to accept any desired pulse height,

The recoil pulse also goes through a pre-amplifier and an amplifer,
each of which has a larger gain than necessary for the fission chamber, into a

multiple diseriminator containing three discriminators of the type previously

described, One of these with a scal g=ypdE counts all pulses larger than a



chosen size. The other two discriminators are combinéd to form a channel, thse
two feeding into an anticoincidencs circuit which will pass a pulse only if the
height of the pulse lises betwesn the two levels of the two chamnel discriminators.
This channel can be shifted to any desired level, the width of the channel re-
meining comstant, This we shall call the differential channel. These circuits
enable us to count simultaneously fission particles, all recoils above a given
bias, and recoils within a given bias interval, The work on the di;criminator
circuits was done mainly by Froman, Higenbothem, and Roesié)o

The linear pulse amplifiers are semi-fast, having & rise time of 0.5
f~sec or less and a low frequency time constant of 10‘,kSGCo Calibration pulses
are fed in through the high voltage from a pulse geperator as shown in Fig. 3b
after an appropriate amount of attenuation, The size of the pulses, which are
obtained by driving a tube to cutoff, can be determined acourately by measuring
the potential drop in the cathode resistor in which the pulses are produced.
These pulses rise to a full height in a few tenths of a/u.sec. They are filat

topped and therefore comparable in shape to aoctual ionlzation puises°

L. TESTS

(2) Calibretion Curves

Since an eccurate knowledge of the behavior of the amplifier and

discriminator is essential in this experiment, calibration curves were taken

6) LA Report Al
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Fig. 4 shows how this is dome. First,

before and after each sxperimental run.

keeping the pulse height constant, the counting rates in both the integral and
aifferential discriminators are determined for various bias settings and plotted

against bias. This is repeated for several pulse heights (two pulse heights in

Fig. 4). From these curves the integral bias at half counting rate and the dif-

ferential bias corresponding to the midpoint of the differential channsl are

found. These are then plotted against the pulse height,

These curves are necessary for establishing the emergy scale in absolute

value.

The value of the energy corresponding to a given pulse height is obtained

by matching the experimental'and theoretical differential bias curves.

A comparisgson of two calibration curves taken at different times is also

very informative since a change in slope is indicative of a change in amplifier
gain while a change in intercept with the slope remaining constant indicates - a

change in the discoriminators,

(b) Behavior of the Chamber

In order to meke certain that the chamber was behaving properly, tests

wore first mede with Po oi's, A thin Po source distributed over a sizable srea on

a platinum foil was placed on the high=potential electrode,
source, with eleotron collecting and zerc channel width, (see discussion of.
electron collection and chaunel uidth-in section 5) should give a differential
bias distribution as indicated by the dotted line in Fig. 5, where the larger
pulses are associated with the particles coming out parallel to the platinum
foil, The solid line shows the curve obtained with about a three=volt channel

width, which agrees, considering the finitae width of the channel, with the

B slight peak at the higher bias edge. This peak
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is probably accounted for by the platinum surface being slightly rough or dirty.
If there is no electron ¢apture the bias curve for o particles should be re=
producible over a wide range of collecting potentials. This was not the case
with wnpurified argon at a pressure of seven atmospheres in the chamber, at leas®
up to 2000 volts, However after heating the calcium metal to 300° ¢ for about
two hours, the curves obtained for collecting potentials between 1200 and 2000
volts were practically identical. A repetition of the measurements some 2l
hours later gave no indication of an increase in eleotron capture. In practice
the chamber was operated with 2000 volts for pressures up Yo seven atmospheres

of argon, and at 3000 volts for nine atmospheres of xenon.

Since the H radiator was a part of the high-potential electrode there
was some question that an accumulation of charge on the paraffin might affect
the behavior of the chamber, Tests were made after covering the Po with a layer
of glycerol tristearate several times thicker than the actual folls used. The

shape of the bias curve agreed roughly with the expected shape and no change was

observed when a strong-x source was brought near the chamber.

So SUMMARY OF THEORETICAL RESULTS

Since for a moncenergetic neutron beam the H recoils are distributed
uniformly in energy from a maximun velue equal to neutron energy in the forward
direction to zerc at 90°, the shaps of the expected differential bias curve is
rectangular provided one uses ion collection, an infinitely thin radiater, end

zero channel width, The curve marked "igp;qﬁii§otion? in Fig. 6 shows this
e T
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curve for 1.0 Mev neutrons with 6.7 atmospheres of argon in the chamber.

If electron collection is used the curve will be chénged in shape
appreciably, as shown in Fig. 6, but the area under this curve will be the same
as for ion collection. The reason for the change in pulse distribution can be
seen by examining the drawing in the upper part of Fig. & which represents an
If ion collection is

ionization chamber with neutrons coming in from the top«

used, the pulse measured is independent of the position of the ion track, provided

it is all insido the active volume of the chamber. However, if electron collection

is used, in which the effect of the slowly moving positive ions is not recorded,
the pulse height depends upon the distance through which the electrons move. For
electron collection the pulse height p is p;;po(g/a) whore p, is the pulse
height ons would get for ion colleotion, d is the depth of the chamber, and

x 1is the distance from the collecting electrode to the center of gravity of the
ion track, While all pulses are reduced somewhat in size by the use of elecotron
collection, the pulses of larger energy are reduced more than those of low energy.
The curve marked®finite thickness” in Fig. 6 shows the bias curve for electron
colleotion as gffected by increasing the radiator thickness to 175 a’/cma.'of
glycerol tristearate, the thickness still being small compared to the range for
1.0 Mev protons in glycerol tristearate, Tho difference in ebscissa at the peak
and at cutoff is due to the loss of energy of the protons in the glycerol

tristearate film. The area under this curve is less then that for am infinitely

thin radiator since some of the low energy recoils never get out of the radiator.

.aﬁ%go curves in Fig. 6 are for zero channel width, The

curve marked.,chgpnel correctlon" shows the effect of using a 100 kv channel
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which is about that usually used in practiee., The main effect of the channel width

is to ohdnge the slope of the high-snergy part of the graph. The last ocurve is the
one which should be compared with an experimentel bias curve which is obtained by
plotting the counting rate of the differential discriminator against the averege
bias as determined by the calibration curves.

The detalls of the oalculations of these theorstical curves, 85 well as
several curves not included in this report, are given by Hirschfelder and Magoe7)°
In order to calculate the bias gurves, a knowledge of the range vs. energy relation
for protons in argon and xenon is necessary and considerable effort was spent (see
report LA 129) in finding the most reliable relationship. 6Staub (report forth-
eoming) computed a range=-energy relation for protons in glycerol tristearate and his
results wore confirmed by Hirsachfelder and Mages. Previously, Richman had caleulated
a bias curve for 1.0 Mev using somewhat different vango-energy relations for the
protons., It is interesting to note that the final values for the eross seotion,
caleulated on the basis of the two curves, differed by only l%o This shows that the
results of our experiment are not very sensitive to the range-energy relations,

When the integral bias is set at any known value it is necessary to know
vhat fraction/B of all the recoiis will produce pulses large enough to be counted.
This quantity/B plotted as a funotion of pulse height gives the so-called integral

bias curve, Theoretically this curve can be calculated by integrating the different-

ial bias curve {ram the evergy under consideretion to the energy of the primarj new=

trons. Uxperimeutally it ia odbleined by pictting the counting rate in the integral dis-

7) LA Report 129
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oriminator against bias energy. Fig. 7 gives the integral bias curve for 1.0 Mev

calculated by Hirschfelder and Mageo7), who also calculated other bias curves.

6. EXPERIMENTAL DATA

A1l data except those at 2.5 Mev were taken with the high voltage gonerator
in building W using the (Li,p) reaction as a neutron source, In most cases the
target thickness was of the order of 20 kv but was about 40 kv for part of the
1.6 Mev data, The chamber covered with aCd foil 0.08 cm thick was placed in front
of the target. In most cases the distance from the target to the foils was
approximately 8 om,.

+ The data at 2,5 Mev was taken in bullding Z wsing the d-4 source. The
chamber was at the same distance from the target as in the W runs and was at an
ongle of 90% with the incident deuteron beam. With the integral bias set m little
above the background, simultaneous counts of hydrogen recoils and fissions were
taken, At the same time, counts were taken with the differential chanuel at
various bias settings to give the pulse-height distribution of the recoils. Figs.
8 to 17, inclusive, give the experimental bies gurﬁes fitted to the theoretical
curves to which a channel correction was applied. The shape and width of the
channel was determined experimentelly by artificial pulses, The shape is appro-
ximately a trapezoid as indicated in the graphs. The deviation from a rectangle
is, of course, due to noises. It may be pointed out that the channel correction
is very insensitive to the shape of the channel used,

The absoissae of thfé:fgerimental and theoretical curves were matched at
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the high energy end near the point of steepest descont whers the influence of the
channel correction is & minimum, The ordinates wore matched a little below the

poak of the curves. We wish to emphasize again that an accurate determination of

the differential bias curves is important for the following reasons:
1. The cutoff of these curves determines the energy scale quite accuratealy.

2. The agreement with theoretical curves gives assurance that the celoulated
values of 3 are correct. Examinations of Figse. 8 to 17 show that this
agreement 1s generally quite good, except perhaps in two of the runms at
1.0 Mev (Figs. 13 and 1) which teem to show a hump just below 0.5 Mev,
Wo are not able to explain this anomaly which seems to be outside of
statistical errors and which was not observed, or at least was much less
pronounced, in other runs, No such hump was observed at other energies.

In addition to statistical errors, the following possible sources of error must

be considered,

1. Background counts in the recoil chamber which are not due to the H recoils
from the radiator.

2, Neutrons which are detected by the fission chamber but are not detected by
the recoil chamber, or at least not with the same efficiency as for the

forward neutrons,

8. Neutrons scattered by the walls of the chamber.
bo Neutrons scattered by surrounding objects,
¢ Neutrons of low energy ranging down te the cadmium cutoff.

The agreement between experimental and theoretical bias curves shows that these

effects cannot be very large. Im order to check further upon these possibilities

of error and to determine the corrections, if any, the following experiments

were carried out,

, .
A, Messurements were taken at 8 cm from the target with and without the cade

mium shield, Without cadmium the fission counts were about 10% higher

than with cadmium, indicating that 10% inthaﬁfiasigg§ without the cadmium
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shield were produced by thermal neutrons. These were presumably due to
scattering by the surrounding objecta, mainly the walls and floor of the
room, One should expect that only a =zmall fraction of thess scattered
neutrons are above the cadmium cutoff,

The ratio Rﬂ/h? was measured as a function of the distance from the target,
If all of the neutrons originate at the target, obviously this ratio should
be constant., However, if some of the neutrons reaching the chamber are
scattered by surrounding objects, then this ratio should decrease with
digtance. This is 80 because of the directional character of the recoil
chamber and because of the degradation which accompanies scattering. On
the assumption that the scattered neutrons are distributed uniformly in
space, experimental rosults incdicate that the fission background dus to
these neutrons is less than 3% at W and about 2% at Z, when the chamber is
Cd covered.

Runs wers t#ken with the chember in the inverted position in which the
foils are perpendicular to the neutron beam with the glycerol tristearate
film facing the target. Runs were also taken in both the normal and the
inverted positions with a blank platinum foil in place of the H radiator.
In most cases the background count with the blank was of the order of 2%
of the main effect although it was somewhat larger at the highsr energies,
The radiator in the inverted position usually gave a few more counts than
the blank foil in the same position, again of the order of 1 = 2 % of the

main effect, indicating perhaps a small amount of back scattering by the

walls of the chamber, : =
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As a ne% correction for 1 and 2 (a) the quaatity

] | \ \ 1

N N N
(I‘%)mamtor ) (3’%) blank ¥ (’N;l\ - (gg)
/ nerme.l rediator \ F/ blank inverted
position position

was used as determined in experiment C. This correction was usually less

than 1% and never larger than 2%. The correction for 2 (b) and 2 (c) was

found from experiment B and was usually less than 1/2% a8 already mentioned.
TABLE 1

FPisslon Cross Sections of 25

Run Eg | Thiokness of | Gas Pressure Bias | Standara c‘f(25)
No.| Mev }{ H radiator atmospheres | Eknergy | Statistical barns
#¢/om Mov error
Fission Ct.
%
1] .54 67 3.0 argon .16 2.4 1.67 1.867
2l .u6 67 3,0 " .12 2.5 1.49 1.50
3 67 3.0 " .19 1.5 1.50
L{ .s7 173 6.7 " CWa19 . 1.5 1.37
5 173 6.7 " .20 1.5 1.37
6 173 3,0 " .19 1.5 1.39 1.38
7 67 32,0 " .11 1.0 1.40
8f{ .97 166 6.7 " .28 2.0 1.33
9 166 6.7 " .28 2.2 1.35  1.353
10 173 6.7 % .27 1.0 1.33
11 173 6.7 " .29 2.0 1.32
121 1.6 175 6.7 .70 1.0 1.30
13 173 g.5 " .69 1.2 1.50 1.30
1L 173 9.5 " .69 1.0 1,30
151 2.5 173 3.0 Zenon Th 3.0 1.37  1.34
16 173 9.0 " : .78 3.0 1.3%0
173 9.0 " AN 3.0 1.35
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Table 1 gives the results of all the measurements. Essentially there
are three variables, the gas pressure, the radiator thickmess, and‘the bias
point. No deliberate attempt was made to vary the blas point, the bias belng
set just high enough to be sure that the background count would not aff;ct
our results. This background was mainly due to piling up of argon recoils at
W and to Y rays at 2. It is interesting to note that there is no noticeadle
difference in the values for 6}(25) found with different radiators ana gas
pressurass.

In computing the results the following expression can be written:

ngg $(25) _ ¥

vhere noi and ny represent the number of atoms of 25 and H present and NF'
]
and Ny ware the total numbers of fissions and recoils. This can be rearranged

as follows:

0p(25) = op(m Pu 235 (4Np)
oy L (Ng/B)

vhere my and mpg are thg ma.sses of H and 25 and NF and NH are the numbers

of fissions and recoils which are counted. /% has already been discussed.

& is a correction to the fission count.

In estimating the error in the value for 6}(25), the error in each of

the above quantities should be considered. The errors in two of these quanti-
ties 63(H) and m25 are not inherent in our measurements. As mentioned betore,

a,(H) is probably accurate to 2% at 1.0 Mev but may be.in error by l or 5% at
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the extreme energies. The 25 foil was made by Corporal Miller. The 25 content

was carefully determined by Chemberlain by fission counting against the standara

E 10 foils. He gave the value 0.501 X .o08 mgm of 25. This foil was about 77%

| 25. We ohecked this result by counting fissions from the'25 foil and frém another
E 10 foil, in & slow n atmosphere, this foil also having been carefully measured
by Chamberlain. It may be noted that an error in Mos would effect the absolute
value of dz(25) but not the shape or the o;(25) vs E curve.

Considering the quantities whose errors are inherent in our measure-
ments, m, is probab1§ accurate to 2%. This is checked by the fact that we used
three foils with no apparent ditference in results. o\ was determineda by measur-
ing the slops of the fission plateau and by consigering the absorption heasure-

ments by Wiegand and Segreaz and was found to be 2 1'1%. The error in NF is

statistical and varies from 1 to 3%. The Ny counts are high enough for the
statistical errér to be negligible, butb aﬁ uncertainty of about 1% may exist
bacause of background corrections. The error in /3 is estimated to be 2% im
most cases but it may be L% for highest and lowest energies. A check of the
accuracy in the evaluation of /4 can be found in the consistency of' the results
obtained with aifferent raaiator thickuesses ana gas pressures. We estimate the
over-all error for ¢7(25) to be about 5% at 0.57 and 1.0 Mev and to be some-
what larger at higher ana lower energies. The curve op(25) vs E is remark-
ably flat from 2.5 Mev down to 0.57 Mev, below whioch it begins to rise rather
rapidly. ‘

Since starting this experiment some other values of 6}(25) have been
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obtained both here and in Englund. Fig. 13 ahows all of the recent values with
approxiﬁate errors. The two values found by the Z group depend upon measuring

the neutron flux in terms of the fission ocount from & thick U foil of normal
concentration. This U foil had been standardized with the d - d gource at Chicago
in terms of a Ra ~ Be source by means of a manganese bath (for details see a
fortncoming report by Agnew, Jorgensen and Koontz). In Bretscher's meaaurementg)
the flux was determined in terms of a total ionization current. The measursements
of Chadwick - Kinsey depended upon a three-counter method for the'detefmination

. of the flux. The solid line shows the results for low energ;es wnich were found

by Jonn Williams! group by means of their "long counter®. These data have been

normalized to our value of 6f(25) = 1.33 barns at 1.0 Mev.

8. FISSION CROSS SECTION OF 28

In determining d;(2b) at energies above the fission threshold for 23
{about 1.0 M¥ev) a correctionm must be made for the fissions ot the 28 which is
present in the foil used. Measurements at Wisconsin gave relative values for
5}(28) et various energies, but the absolute values were very doubtful. Using
the 25 foil and a depleted 23 foil with an R values of 1650 instead of the nor-
wal 141, we measured the ratio c?(25)/%§(28) et three energies. We found retio
values 22.6, 3.72 and 2.4 at energies 1.28, 1.57 and 3.0 Mev respectively. Fig.
19 gives the values for the ratio d§(25)/6§(28) found at various energies by
several experimenters. With the exception of the Chadwick -~ Kinsey points, these
values lie quite well on & smooth curve.

Flg. 20 shows the values for ¢p(23) itself. The solid line is the

3) BM Report L93.
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Wisconsin deta fitted to our value at 1.57 Mev. Bretscher's measurements gave

a constant cross-section for 28 in the region 2.2 Mev to 4.0 Mev.
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