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The capture

neutron energy in the
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kBSTRACT

cross sectian of gold has been

Wh’wm

‘- ...

measured as a function of

range 30 kv to 3 Mev, by comparing tho beta activity induoed

in R gold foil with the number of fissions in a thin 25 or 28 sample exposed to

tho same neutron beam. The results are presented in Fig. 3 and Table I.
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CAPTURE CROSS SECTION OF GOIJlAS A FUNCTIOi?OF TEUTRON ENERGY

In order to obtain the capture cross section of’Rold, foils of this

material wero exposed to fatily monoenergetic beams of neutrons, and the 2.7.-day

beta acti’vi.tiesinduced in the foils were subsequentlymeasured. For txll expo-

sures except the one at highest energy, the neutron intensity was monitored with

an enriched uranium foil, which contained approximately 98.3 $ of25and hada

28-to-25 mass ratio of 3.35. The uranium and gold foils were ,fas-tenedon oppo~ite

sides of a aommon high-voltage plate of a double ionization ohsmber, whif;hwas

placed so that the gold foil was two inches from a lithium target bombarded by

protons accelerated by an electrostatic generator. Beoause of the thickness of

the high-voltage plate, the uranium sample wtis4.3 percent farther from the target

than the gold. The uranium foil was circular with l-inch diameter, whilo the gold

was rectangular, 0.9”x 1.0 inches in size. “Sinceboth foils subtended nearly the

same angle at the target (about 14° to eaoh sida of 00), and since the distances

differed by only a few peroent, the beams striking tho two foils might bo con-

sidered identical.

Through the courtesy of tho P-3 Group, the exposure at highest energy “

was taken with the ll(d,n)sourco, and was monitored with a foil containing 1.71 mg “

of ordinary uranium on a circle of l-1/4 inch diamator. In this ease thf>uranium

foil was 2-1/2°inohes from the target, whilo the distance to the gold was 1-3/4

inches.

In order to protect the foils from scattered neutrons of thermal c$nergies,

the ionization chambers and foils were covered with cadmium. The gold was pro-
.

tected from scattered neutrons of its 5-volt resonance energy by placing additional

gold foils, during the exposuro, on both sides of tho gold for which the aotivity
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was to be maasured. After one exposure at about 300 kev, the activities of these

outside foils were measured in addition to that of the middle foil. ‘l!haactivities

of the outer foils averaged 5 percent~ 2

foil, which indicates the absorption of a

energy.

The

Chicago type,

high counting

percent higher than that of the middle

small number of neutrons of”rmuxmmce

,

aotivity of the gold foil was measured with a Geiger counter of the

whioh had walls of dural about 4-1/2 roilsthick. In order to have

rates~ the length of the foil during counting was made approximately

aqual to the oircumferenos of the oounter; i.e., 2-#4 inohes.

the foil was 5 roils. The foil was out into three equal parts,

which were staaked on top of each other during the exposure to

order to make the energy and intensity variation over the foil

The thioknes~ of

1~1~ .g~~x .(395’*,

the neutron beam in

small. The6e parts

were latar fastened end-to-ond with sootch tape, so that they formed a sylinder

whioh slipped tightly over tho Geiger counter. Counts were taken rapea~edly after

+mch exposure, over a period of about 4 days, ‘tomwke oerkain that the aotivity .

bewg measured wa6 the 2.7-day ackivity of gold. No evidence was found for any

?.ccivityof a different period. For the low counting rates at high energy, the

limit Of acauraoy’in GOUnting was about 1/2 GOWA per minute, Set by flUCiW3kiWM3

in the background rata. For the higher counting rates the chief error was ata-

ti6tical and wae of the order of one percent.

in order to calmilate tha capture cross mctions from the Geiger-h&llor

counting rates, one neodn to maisea measurement equivalent to measuring the ef-

ficiency of the counter. This was done through tho

placing the chamber containing the uranium and gold

irradiated by neutrons from a cyclotron. Since tha
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foils in a large carbon blook

thermal cross section of 25
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and Au are fairly well

rates omained in thi8
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Isnomn,tho efficiency could be calculated from the counting

exposure, with the foilowing fotiula:

E = 5630

Here M25 is the mass of the 25

gold and 25; R. is the initial

. the intt?gra%edactivity of the

(1)

foil; 197/235 ic *he ratio of’atomic weigh-tsof

counting rate in counts per minute; ,5630R~MAu is

gold foil, per ur.~ti~~S8 of the foil; F is the I

number of fissions observed per minute; and C2d aAu is tk ratio of %h~ theI’IUal ~

fi6sion cros6 section of 25 to the thermal capture cross section of Kolcl. The

qwinti~ E is really the ratio of the efficiency for counting the gold activity to

the effioioncy for counting the number of fissions in the Z5 foil; I_mwover,it i~

this ratio that is needed, rather than the separate efficiencies, for ae.lculating
.

the cross section at’the higher energies.

Because the gold foi16 were somewhat thick for thermal neutrons as well

as for the beta particle6 emitted, the value of R~llAu is a function of depth in

the gold, and the appropriate value of R/MAu for Eq. (1) must be ths value at the.

surface of the gold which is adjacent to the 25 foil. The counting rate observed

w~th any of the foils, howevor, is indicative of the neutron absorption not at the

surface but at an average depth of about one roil. As described above. there v.sro

five foils, each of 5-roilthiokness, stacked on top of each other during the expo-

sure to the neutrons. Each of these was sufficient~y active to be oounted separ-

ately on tho Geiger counter, first with one side of tho foil faoi.ngthe counter and
.

then with the reverse 6ide on the counter. Thu8 as many as ten points in a sort of

neutron absorption curve cwld be obtained, ~d frcm the curve the ~alue of R#MAu
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might be picked which was appropriate for the edge of the gold adjacent to the 25 .

foil. This absorption curve is shown in Fig. 1. Tho value of R#{Au at tho sur-

Zace is taken as 780 ~ 10. The curve is also useful in that it affords a check on

the thermal value of the gold capture cross section, and henco on the average

energy of the neutrons as well as on the possible existence of neutrons of thn

gold resonance energy. This oheok is based on the natural assumption that tho

absorption Gros6 section an is the same a6 the capture O$OSS section ar, sinco no

other process is anticipated than the radiative capture leading to beta emission.

In I?ig=1 the points are the experimental values of R/MAu while the solid curve

is the absorption curve calculated on the assumptions that CYa(AU)= 94barns and,

that the thermal neutron intensity is distributed according to 1 + 1/”2COS2(3in-

cident on one

angle between

~inCt3 XIO good

faoe and 1 - l!2 COS29

the normal to the face

fit could be obtained,

sued, with aa(Au) different by more

incident on the reverse face, @ be~n~ tho

and th~ direction of motion of the neutrons.

regardless of the angular distribution at;-

than 10 barns from 94, which is the accepted

thermal.cross section. we may conclude that thare wore not many r~sonmco neutrons

present and that the neutrons wore well thermalized.

In the thermal exposure described above, the number of fi~siors recorded

was 4.49 x 104. A small oorreotion is needed in this number because of the imper-

fect shadowing of the uranium foil by the gold foils. A geometrical calculation

shows that if the foils had been infinite in extent, tho value of F would he.ve

been smaller by about two percent; henoe wetake F= 4.40 x @.

For the thermal capturo cross section of gold we have taken 94 barns,

md for the thermal fission cross section of 25 we have used 552 barns, which has

been obtained by using the value 0.16 for d(the ratio of capture to fission cross

● ●:0 ●9 .:*:**
● e ● *● :.::. .0

● ●*
b o 000.
.. .:*● ** ●** ● **•~

●0 ●** ●** ● s ● wMsslF/ffl.**.*.●
..**•*.@~●-*●

●0:9:.:● **.* ●**9**
●O●00● ●

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



● b ● **
● .9

● m●*O : .9*.
● ****
● e*

● e.

o : ● 00 ●:* **.... ● a*

.m. . 9 ***.*

-r?-

● * 9:0 94*●:0 .9* . .
● ●

● *,.
● ● *

--— ● *b.
:

: ::●:0 ● ** . .

. . .
9*

● ●:0 :

sections in 25), and taking the total

these numerical values, we obtain the

cross section as 640. FrOXIl?iq.(1) and

efficiency rdio

E= 4.83 X 10°2.

The oapture cro~s section of gold at the

lated with the following formula;

.5630 R.
c341u) = ——

d2(Au)
E MAUF

x~~(~x 197

lime E is the effioi.encyobtained above,

wide at the higher

SOllrGeto tho gold

aim cross section

foil, over which a

energ, d(Au) and d(25) are the

higher energies may be oa2cu-

~ and F refer

distances from

(2)

.tomeasurements

the neutron

anti25 i’oilsrespectively, and 11~$af(s), As are the mass, fis-

and atomio weight of the variouficomponents s of the uranium

summation must be made. Since most of the exposures were made

at energiek below the 28 threshold end more monitored with the same foil as that

used for the thermal exposures we find that Or(Au) is independent of several of

the quantities which enter into bothEq. (1) and (2). In faot, for energies below
1

the 28 threshold, these equations may be combinod to give

(3)

where the superscript Clrefers to thermal energy, and E to any energy below the 28

threshold. For energies E above the 28 threshold, the right-hand side of this

equation must be multiplied by the quantity
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UNCUSSIFIED

which below the 28 threshold is equal to 1.

In Table I we list the data taken in the cxpoeures at

the values of ar(Au) calculated at these energies by use of Eq.

of af(26) listed in this table were derived by using the absolute

obtainod at 1 Mem by Koontz and Rossi, together with the relative

higher energy and

(~)● The VdWS

value 1.33 barns

values at difi’er-

“Long Countorl’ent neutron energies which have been obtained by Hanson using the

as a neutron monitor. The mlue of af(28) at 3 I&v was measured by Agnew in the

P-3 Group, for.the same neutron beam as that used in the exposure of the gold foil.

The value of c$f(26)at 2730 kilovolts has been derived from the value given in the

L.A. Handboolc,~-11, by e.pplying

the value of at(25) e.tI Nev intO

Koontz and Rossi.

tho same correcting factor as is needed to

agreement with the more reoent measurement

bring

by

The calculation of the cross section for the 30 W exposure required a

slight corracticn bocauso of the

the neutron beam struck only the

sure ww obtained by setting the

elightly below the threshold for

fact that during part of the exposure, at least.

central part of the foils. Thi& low energy expo- -

proton energy in the Van de Grae.ffgenerator

the Li(p,n) reaction, and allowing the small

$RJuctuationsin energy to produce neutrons al.nestexactly at threshold. In this

ca5e the neutron beam occupied a cone of small angle. If tho cone did not include

the entire foils, tho ratio of areas of uranium and gold included in the beam

would be as the squares of tho didmncos to the target, or 1.087, wbareas for the

exposures at higher energies the total areas were included and the ratio was 0.857.

This indicates a correction for tho 30 kv exposure by a factor of 1.087/0.857 or
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u\\cm$\f
proton energy were occasionally lar~e

cone which’ticluded tho entiro foils.

enough

Ihce

the correcting factor lies between 1 and 1.27, and we have chosen 1.15, which in

not in error by more than 10 percent. “

The results obtained as described above, and listed in Table I, have

been plotted a~ oircles in Fig. 3, which shows tha capture oross seotion of gold

as a function of neutron energy. It may be noted that for energies above abcut

160 kv the data are roprosentable on a logarithmic graph by a straight line of

slope -0.89, tidicating that in this region Or(Au) is proportional to (tinergy)”Q”Bg.

The last row in Table I and the point indicated by a equare in Fig. 3

are tho ro5ults of an independent mo(isurementwhioh was made in crder to stucy the

cause of a

and other=

method WaS

ionization

discrepancy which appears to exist between these measurements ofav(ku)
.
which had been made at about 200 kev by Hanson and by Linenb9rger. The

the same as that described above, except that a diff.ercnturanium foil,

ohamber and recording outfit were used for monitoring the exposure, the

apparatus used being that of Linenberger. Ye exposed simultanoou~ly a thin gold

foil for himGelf and a Get of thick fo~ls for us, in identical Reomatry. Twc ax-

posures were required, one with a primary neutron energy of 200 kilovolts (ok-

tained in Group P-2 with the Van de Grasff generator) and one with thermal neutrons

(obtained in Group P-1 with the carbon pile and cyclotron). The bata oounting for

hiG thin foil and for our thick f’oilewas then done on separate Geiger-tiller count-

ing outfits. The purpose of the test was to check on the aocuracy of the beta-

counting technique, and to see whether the differences between the earlier mcvmure-

ments aroso from the beta counting or from the exposing and fis~ion counting. The

efficiency ratio E, calculated from the thermal exposuro with the thick foil~,
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was 5.39 x 20“2

tained from the

barns, whioh is
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which is about 22 peroerrthigher than the Vaitm 4.83 x 10-2 ob-

earlier expof3ure. Tho value of Or(Au) derived at 200 kv was 0.40

about 25 percent lower tluuithe value 0.52 barns obtained from tho

graph of tho earlier results. The absorption curve obtained from the thermal ex-

po6urt3 is shown in Fig. 2.

The value of Or(Au) at 200 kv found by Linonberger, from

ing of the thin foils exposed simultaneouslywith our %hick foils,

(indioated in??ig. 3withavortioa2 cross), which is vnly about 7

than our value of 0.40 barns. By a completely independent method,

the beta-oount-

was 0.43 barns

percent higher

whioh does not

inVOIVe beta counting, Hh.nsonhas found Ur(AU)a O.415 barns for Y-Be neutrons, the

average energy of whioh wa~ also about 200 kilovolts. This value is indiuated in

Fig. 3

at 200

barns,

by a diagonal orom. The good,agreement between these three values of Or(Au)

kilovolts indioates that the correct value is prdbably not far from 0.415

and that the results ~ndicated by oirolos in Fig. 3 aro probably too high.

Some of the sources of error in this experiment may be listed as follows:

1) The energy ascribed to the neutrons for the various exposures may be

in error. Actually there was a considerable spread in energy for the lower-energy

exposures, bocsausethe Li target used in the Van de Clraaffgenerator had t?ie

thiokness equivalent to 70 kev proton energy. The only exoeption to this WRS the

exposure at 200 kev, for whioh the target thickness was about 10 kev. m particu-

lar, the 30 kev exposure is subjeot to error beoause the neutron energy changes

very rapidly with proton energy just at threshold. The energies listed in Table I
,

and used in plotting Fig.

Of course, if there is an

the fission oross seotion

partly cancel each other.,

3 were the approximate mean energies of the neutrons.

error in the energy, there is also a consequent error in

chosen for the oaloukxtion of ar(Au), and the two errors
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2) Statistical orrora. At no energy was the combined atatiatical error

greater than 5 peroent.

3) There may be errors in the fission oross sections used. h particu.

lar, this affects the comparison between our results and those of Hanson, which

did not depend on the fission cross seotion but were a direot measure of the ab.

sorption

oounting

in gold.

4) The efficiency of the couritermay have changed with time and with

rate. l?shave no positive evidence for tho change with time, but we ob-

served that when the counting rate was inoreased, it was necessary to raise the

counter voltage in order to maintain the same efficiency. This affects particular-

ly the efficiency determination, because the counting rates for the thermal axpo-

sures were muoh higher than for the othor exposures.

5) The masses of 25 and 28 in the monitor foils may have been incorrectly

determined. However, because the same

energy expom.uwa, the mass cancels out

the 28 threshold. Hence errors in the

foil was used for the thermal and higher

except for the exposuros atienergiee above

mass oan only affaut the results above 1

MOv . As a consequence of these sources of error, the absolute values of ar(Au)
●

obtained in this experinwnt should be expected to ham an uncertainty of about

t20 peroent.

energies above

~10 percent.

The relative values at different ener~ies, however,

100 kev, have an uncertainty of only about half the

at least for

above error, or
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