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ABSTRACT a

lleubron distributions were nmeasured in different
sizes of Beryllium sphores, using & Poloniun-Beryiliun
&

source. various types of roils were eniployed in an

attenpt to approximete the speotral distributicn,
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CeRODUCT TON .

Because of the intersst in boryllium metal for cﬁéin¢£e§cting
devices, and also beoausse of the availability of a seriqg of berylliwz spheres
or verious sizes; it was considered;wortﬁwhile td'measuro_the distribution o?'i,
nauirons in then when various sources were placsd in the centers, Uhfortunateiy,
the spaeotfwa of the suitably strong sources available (polonime-alpha«beryllium)
i3 not vary well knowm and is.far from hamogenéous. . However, By using spheres

of aniflerent. sizes and detsctors with warious thresholds, it wans believed some.

useful inf'ormation could he obtained.

GSCTLON I, HETHOD
The neutron sources themsalves consisted of thin-walled §eryllium spharos

about 430" 0.D. filled with a mixture 6f Be pow&er and.pnloniun. The large Be
" spusres in which the neutron distributions wers to be msasurcd, were prepared by
irilling a 1" hols to the center. This hole terminated in a sphorical cavity to
hold the source abt the center, A Be tube was filled with Be discs of 1/8" and

14" thickness, and foils of various matoria]; usaful for neuiron dstection were
sandwiched in between the discs. The source vas thon dropped in the sphere, and
tiae tube containing the discs and foils wore put in place. After = suitable bom-

barduont tine, the foils wers removed, the induced radicactivity measured in a

stendard geonmetry with a Geiger-duellsr counter, and suiteble corrections applied

ar the weichts of the foils io rivg easldpelribesbon of the varticular neutrons
© 2 oo o o2 o %
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_ absorbod by the foLl.: along 'r1~°r401u§ -)3‘ 1:3: spheree.

see o o0e 000 o0
“ .

SELTION II, - GALINRATICHN OF FOILS

in order to measure the countin; etficlency of owr geonst ., the
201ls were then jlaced in the large graphite pile in G Building, where the
thernmal flux has been calculated by K. ialker.

Cadninm differences weré takzen with the foils in question so that
the aotlvatlon due to the thermal-nousrons whs measured., .Since the ratio of
the activation of the t'oils out of cadmium to that in cadmiun was not very
large (about 10) at the position in the pile which was used, the neutrons
neasured by the cadmium difference method wers nut wvery pgood thermal neutrons. .
The reason tor tﬁis is that the cadmiun out~-off is samewhat too high. V.
VWieiskopf sugrested comparing the cadniun difrerence measarement with a g‘o;dolin-

]

iwn differonce. "This was dons, shielding the detectors with layers of Gd203
conteining about 8 milliprams per cm2 of Gdg0z. This pave a thermal activity
induced in the.foils‘ (b;f difrerence) about 3%,“3 less than did ‘the cadmium 4diffe
ersance. Sines 1t vas folt ‘that this value might bs on the low side, an aver-
sre velue was takon for the true therual elfect. That is, the thormal effock
riven by the cadmium difference was raduced by 1,75 bafore calculating the

ccinbline efTiciency of our geometry.

50010 ITI, CCORREC 10N FU2 AdoURPI‘IOI v EE A RAYS I FCILS

sty o -w

In order to have the {0ils falrly easy to handle, they rust be

sevaral ralls thick. In this case there is appreciable absorption of the Beta
rays in the foil itself, This effect was studied by measuring the activity of

& standard foil in the standard counting pracwmetry and shen covering it with

successive, thin, non-irradiated f.oiI.Ls o.i;.thé same n?tema.l to deternine the

o0
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sbsorpbion coefficient (see ﬁiggyes 1 and 2)e A correctlon wes then nade %o

obtain the actual, spsoific aot*vxt; of tho foil as foilows-

A(x\z Actual actlvitv of fcxl per unit thlckneos at depth
’
x in foil.

& . 2 Cbserved countine rate from thick foil.

Linear absorption coefficient of foil maserial for
its own Bets rayse.

[ ;

L 4
.
I

é' = | A(;)p—"x dx, where x is the thicknpés o2 the foil.
s ) «
In a thermal flux, A(x) wos fourd to be nearly independent of the depth .
in the foil for § mil foils. Therefore, A(x) =~ aﬂf .
: _— 1-e"¥%

pate for u scries of indium foils of various‘thicknsss;s are given in
Table I. The essential constancy of A(x) computed in this wey for foils varye
ing in thickness from 2.3 to 15 mils is additional proof shat A{x) is constant
throughout the thickness of any one of these foils, Thig table also shows the
fallacy of attaching si?nificance ﬁo aétivity per milligréﬁ for foils of varying

waighis,

GLCTION 1V. CORRECTICH FOX DEPLETICH OF NEUTRCH DEWSITY I FOIL®

It is not satisfactory to assune the efficiency of a foil for detecting
neut.rons is independsnt of the spectrum, deveniing only on some avarage cross-
section. The reason is that those neuvtrons whose energy is such'that they are
very readily absorbed by the foil atoms will alinmost conpleatoly disappear in the
eurface layers of the foil, and tho atoms inside the foil night as well not be
tuere. .The effective weight of the £9il is thus less than its own true weight,

The magnitude of this effect will deprend on the &stual spectrum, but

for tris experiment onlv two kinds of spectra wore oonSLdared. llamely, the
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thermal nsutrons in the grajp hlte wﬂ:iﬁ &}ﬂ.nua.uct&; neutrans in a beryliium

sphere. Actually, the snectrum in a beryllium sphere depends (as well as on

"
the source, wniceh in these experiments was stendard) on the sizas of tha s here
¥

tnd tho vositicn in it, For making this correctlon, a standard neutron spectrum
was onosen as the "spectrum in borrlliun; i.e., that whicn existed at 24" from
the canter of the 13-11/M" sphere. The distribution of neusrons within & foil
smbedded in chis‘spectrun was obtained by rpiling up se%eral vefy thin foils to
obtain & total thickness equal to one of the regular 5 mil foils, After bop=
hardnent, this sandwich of foils was taien apart, and each one of the thin parts
counbed for induced activity. This activity was then compered with that‘in a
very thin toil placed in the same speotrum, This foil was so thin (. OUOf" .001")
that the correction for depletion of the bean in ié was assuned neglirible. (An
astimate saows this correction to ve lesé thén.5%, ané it is only a correction .
to snotiter correction.)

% wns found that *his depletion correction was uﬁimportant (less than
5%) with GH-mil indium and rold foils in the thermal flux (see also 3ection III),
Howovar, in the beryllium sphers flyx, it wns large~~of the order of LO%,

Fipures 3 and L show the distribution of activity in gold and ihdium
“.mil foils compared bto the acsivity of a thin feil.

iYL wag found thet the activity diséribution curve in the foil could be
ritted well witﬁin the experimental limitation by & sinple hyperbclic ¢osine.

The reletive countine efficiencies in thermal flux end beryllium sphsre flux

ware thus celculated,
r [ 9
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Using the valuss of &% 3°°dnd-7°, *tound exporimentally and listed
Solow, '
. ‘? 'X;"P .
‘ - e o
Ldiun - - .E35 305 mil™t 542 mil

the ratlo of eificiencys was found to be l..-‘;b,, voth for indiun; and tor gold.

ror iacx of better information,-it was then assumed tc be the same for 25 and
msu‘%anese. ’l‘his is probabiy tod hig‘}; for man@anes.o,- since -,;,-"' should be smaller;
but since X and & were not determined, nothinr, can be done about it until
more exporiments are carried out.:

L

SECTICN V. LAPERDIITAL DATA

The data on resonance dctectors are riven in Table II and in Flgures
£, 6, and 7. The columns in Table II are explained as follows.

{i) Location of detector. For calibration, the detoctor was in a
graphite pile; and in this case the ecadmim difference was r’a(iuced by 1.75%,
to correct ror the rather hign cadmiun eut-off, .ind useu %o o‘btain Column 3.
winen the detector wus ip a ch}'llilﬁn spherae, it was placed .‘1;80" f.rom' the centér.
The diemeter of the source svhere wus 330",

{(2) The element used as detector,

{3) In thermal flux, this is the numbor of clicks of the mechaniosal
counter per mirute per nillipram of raterial corrected to saturated activity.
{In the case of 25, the activity was read at a standard time after the end of
a standard vombardment, That is, 111.;2_- ninutes after & bombardment of 21 hours,
three minutes.) Since tho sawe units ore used in computing the aciivity in the
beryilium sphere flux, they cancel sut and ars not important. The »{(eight correc-
tion is siall, sincs all foils of a given 1ntaerial were the same within a few

vercent. The gelf-absorption of the foils (nocessery since the neutron distrie-

[ J
‘bution in them is different in the th@wuses $nu «§icibérylilism sphere flux) is taken
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(LL) The thermal cross-section, as fumd in Los Alamos ilandbook,.

{5) The thermal flux in %he prashite jile caleulated by R. Walker at
tha point used for calibration, .

(4) Helative foil effigieney Zor Hhernal and beryllium spherec £ 1uxes
discussed in Section IV,

(7Y Prcduct of Columns L and 5,

(&) Obsax;ved counting rste of foil placed 80" from center of sphere
in qu.esti or. Correcﬁed to s;ttura’ced activity and calculated for a total source
strength at the eenter of 107 neutrons per second, Correction was msde f'or the
deouy of the source, Two sources ware used; the wer.;ker (520) was moesured by
3lotin, The stronger was cpmparad to this by counting indium induced activi‘cy _
whon f'irst one source and then tho other was placed in the &" berifllim sphere.
Ficure 9 shows the strengtih of each source calculated as function of the time.

(9) This is ar average jroduct of the flux and the cross-soction for |
41l neutrons absorked by the foil in quustion. It is riven per unit source
strenrth.  The unius of this quantity ere (flux barns) per {neutron per seccmd).‘-
Thesa are calculatsd as follows:

ciicks y : ,
e = vy, Bffyy

min, ng / ﬂ;

>

1 | clicks . 1 . Effg, 1
- SR R C RN . S -
Source strensth \min ng Be \ nv.é /,Be : Source strength (j;
1 - Clicks ; .
Source sirensth 5 ClickB, “see see o see 5BFF.
Y SR - S
VIn/RR, oht %l
b . 00 ‘esd'vee eoe s00 oo
[ ] e o .... L] y ¢ . T
:ooo ° oo ] UNCLASS‘F‘ED
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Figures 5, 6, and 7 show the distribution of all neutrons absorbed by =
the I'oils.. Pne circles represent %ae measurerents "}ritrp.r;o‘lri, indius, and mans
. : T ?
ranese foils all normalized to unity at the poiat 480" from the center. There
xere no sigﬁii"ioan‘b differenées found in the distribﬁtion curvés ;;iveﬁ ;ay ‘\:hes.e
tares de’c‘ectors. The trianrles show this distribution as noasured ‘with 25 foilé,
normalized to unity at the first point. In all cases this distribution ..'.‘e.‘lls off

more sveeply ut tne center than does the other.

Tue squares ars the hypb-cndmiim neutrons, This data wus obtained by
suabtracting tie activity induced in indiw,; foils in cadnium from the total hcti_vity.ﬁ -
These prints are nornmalized *so that the total activity (ne cadnium) is unity at
:H0" from the center. 'They snovr,’ tfmrefore, the ratic of the activity induced
in indiun by oadminm' absorbable noutrons to the total aétivs.ty induced in indiuﬁ
ut Lhat same »luce, 'l'ﬁe <4tz are the distribation of neutrons producing the -
(n,p) reaction in phosphorvs (threshold~ 1,5 Hev;. | ‘

Firurs 8 shows the distribution in tue 13-11/15" beryllium sphere, of
neitrons producing fission in 26, (n,p) in vhosphorus and (n,p) in sulphur. A4Also
pln‘i;tad (x's) is the .phosphorus activity times ?2. The positivd' ottenuation shows
+that the loss of these high energy neutrons by absorption and slowing down is not
2ede up for by {n,2n) in berylliun under thess conditions.

Fiux_ Serns

Firure, 10 shows the valie of -7 = "200_  measured .LB0" from the

2

Lourecs

conitar of ber;1lium spheres with various dstectors plot ted arninst the sphero

daianeter,

"Fimire 11 saows the distribution of neutrons moasured with gold detscthors
in a 3.52" diametor /% sphere inside a &' diameter baryllim sphore. A mock-

"issinn source ans at tho counbter of the 49 spheros

e
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