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Bacause of the interest in boryllium wetal for chain-reacting
devices, and also beoauss of the availability of a sories of berylliw: spheres

)

o various sizes, it was oonsidered worthwhile to measure the distribution of

nauirons in them when various sources were placad in tho centers. Unfortunately,
the speotiwn of the suitably strong sources available (poloniwmiealpha-beryllium)
i3 not vary well known and is far from hamoreneous. . However, by using spheres

oi aifferent sizes and detsctors with warious thresholds, it wans believed some.

useful inflormation could be obtained.

SSCYLON I, WETHOD

The neutron sources themsalves consisted of thin-walled ?qeryllimn spharos
about 430" 0.D, fllled mth a mixture 6f Be pow&er and. polonium. The large Be
~sphaeres in whiech the neutron distributions wers to be measurcd, were prepared by
arilling a 1" hols to the centers This hole teruminated 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 matorial;; ugaeful for neuiron detection were
sandwiched in between the dises. The source was thon dropped in the sphere, and
tiie tube containing the discs and foils wore put in place. Aftar = suitsable bome-
barduont tinwe, the foils wers remaved, the induced radicactivity measured in a
standard geome‘ar:.,r with a Geiger-dueller counter, and sulteble corrections applied

rar the weirhts of the foils Lo degstrid o¥bo» of the varticular neutrons
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SECTION 1T, - GALIBRATICH OF FOILS

In order to measure the countin; etfficlency of owr geonot ¥ the
2oils were then placed in the large grephite pile in G Building, whare the
thernal flux has been calculated by R. ialker.

Cadninm differences weré taren with the foils in question so that
the aotivﬁtion due to the thermal-nousrons whs measured. Since the ratio of
the activation of the toils out of cadmiun to that in cadmium was not very
lurpe (about 10) at the positki'on in_the pile which vas used; the ‘neutrons'
neasursed by the cadmium difference method were nut wvery pgood thermal neutrons, .
The reason tor tﬁis is that the cadmiun ocut-off is samewhat too high. V.
Yieiskopf suggested conparing tne cadniun difr'erence measarement with a g‘o;dolin-

]
iwn differonce. "This was done, shielding the detectors with layers of Gd203
containing about 8 milliprams per cm2 of Gdg0z. This pave a theramal activity
induced in the.foils‘ (b;f difference) about 3%,“3 less than did the cadnium diffe
erancg, Sines 1t vas felt ‘that this value night bs on the low side, an aver=
sre velue was takon for the trus thermal elfect. That is, the thormal effoct
riven by the cadmium difference was radsced by 1,752 bafore calculating the

esintlne efTiciency of our geonetry.

SiCTLUN IIT,  COMRNCTION FUP ABSORPTION F EETA RAYS I FCILS

e et —mncgm by rotmsimegdapidh

In orlar to have the {0ils falrly easy to handle,v they rust be
soveral nils thick. In this case there is appreciable absorption of tho Bete
rays in the foil itself, Tnis effect was studied by measurirg the activity of

& standard foil in the standard countinz pacmetry and then covering it with

of the same material to deteraine the
.:. : ..f ...
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sbsorption coefficient (see Figures 1 a Ve

A correction was then nade %o

obtain the aotual, spacific sotivity of the foil as follows:

A(x\z Actual actiiity of fcil per unit thiclmess at depth
’ x in foil, ' :

Cbserved countins rate Lrom thick foil.

& =
o = Linear obsorption coefficient of foil material for

its own Bets rays.

a4

é' = | A(;)e"’x dx, where x is the thickmess of 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"7%

vata 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 very-
ing in thickness from 2.3 to 15 mils is additional proof vhat A(x) is constant
throughout the thickness of any one of these foils, Thié table also shows the
fallacy of attaching si?niricance ﬁo a;tivity per milligréﬁ for foils of varying

waights,.

GZCTIOE 1Ve CCRRECTICK FOX DEPLET ICH OF NEUTRGH DENSITY If FOIL'

Lt i3 not satisfactory to assune the efficiency of a foil for detecting
neut.rons is independent of the spectrur, dereniing only on some avarage cross=-
section. 1he reason is that those neuvtrons whose energy is such'that they are
very readily absorbed by the foil atoms will almosk conpleiely disappear in the
gurface layers of the foil, and tho atoms inside the foil night as well not be
there. .The effective weight of the £oil is thus less than its own true weight.

The narnitude of this effect will derend on the a:2tual spectrum, but

tor tinis experiment oniy two kinds of spectra wore considsred. lamely, the
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sphere. Actually, the stectrum in a beryilium sphere depends (es well as on

e e

i~

-
..P...

[ ]
% #8065 . neutrons in o berylliium
. .

i
)
(Y1111

Hd)

= . N
the source, 'nich in these experiments was standard) on the size of the sphere
I

tmd the rositicn in ite For making this correction, a standard neutron spectrum
whs onosen as the "spectrum in boryiliun®; i.e., that whicn existed at 24" from
the canter of the 13-11/M" sphere. The distribution of neusrons within a foil
anbedded in chis‘spectrun was obtained by piling up se%eral vefy ﬁhin foils 4o
obtain & total thickness equal to one of the regular 5 mil feoils., After bope
hardnent, this sandwich of fdils was tazen apart, and each one of the thin parts
counbed for induced activizy. This activity was then compared with that‘in a
very thin toil placed in the same speotrum, This foil was so thin (;0005"-.061")
that the correction for depletion of the bean in ié was assuned neglirible. (An
astimate shiows this correction to be lo3s thgn.5%, ané it is only a corrcction
to saother correction.) l :

It wus found that this depletion correction ias uﬁimportant (less than
57%) with Senil indium and rold foils in the thermal flux (see also 3ection III),
Rownvar, in the berylliuwn sphers flyx, it was large~~of the order of LO%

Pirures 3 and L show the distribution of activity in gold and ihdium
C.mil foils compared to the acsivity of a thin foil,

i% wus found thet the activity diséribution curve in the foil could be
fitted voll witﬁin the experimental limitation by &« sinple hyperbclic ¢osine,

The reletive countinr efficiencies in thermal flux and beryllium spherd Ilux

ware thus calculated,
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Using the valuss of '. 3¢ o - 2, *Youna experimentally and listed
bolow,
» < "‘;"é .
Ldiun - . .E3s 305 mi1™t w5L2 mil T
S Gold 570 «326 v 1,13 ’

the ratio oi efficiency was found £o be leili, both for indium and tor gold.
ror ilucx oi' beiter 1nformation,-1t was then asswied tc be the same for 25 and
nmqganese. ;h;s is probablv too high for wangﬁnese, since y: should be smaller;

but since X and & were not determined, nothinr, can be done about it until

more exporiments sre carrled oute
L

»s

SECTION V. LAPERDITAL DATA

The data on resorance deteotors are riven in Table II and in Figures

Z, 6, and 7. The columns in Table II are explained as follows.

{1) Location of detector., For calibratiom, the detoctor was in a
graphite pile; and in this case the cadnim difference was rbduced by 1.75%,
to correct ror the rather hign cadmiun eut-off, ;ud useu %o ébtain Column 3.

wnen the detector wus in a befyllium sphera, it was placed 480" from the center.

The diemeter of the source sihere wts 3307,
{(2) The element used as detecior.
{37 In thermal flux, this is the numbor of clicks of the mechaniosal

counter per mirute per nillipram of material corrected to saturated activity.

{In the case of 25, the activity was read a3 a standard time after the end of

3,

a standard vombardment, That is, 11L: ninutes after a bombardment of 21 hours,
tharee minutes.) Since tho sawe units ore used in computing the activity in the
beryiliun sphere flux, they cancel sut and ars not important. The weight correce
tion is siall, sines all foils of a given intaerial were the same within a few

vercent. The gelf-absorption of the foils (noceusary since the neutron distri-

‘bution in them is different in the ﬁ&euujx anu-mucober 1liwm sphere flux) is taken

.. ... ... .0. ... ..
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(LL) 7The therial cross-section, as fuund in Los Alemos iandbook.

£) The thermal flux in the prantite jile enleulated by R. Walker at
the point used for caiibration. .

(4) Helative foil ef?igiency ror Hhernal and beryllium spherec fxuies
discussed in Section IV,

(7} Product of Columns 4 and 5.

(&) Obsafved counting rste of fcil pluaced JM80" from center of sphere
in qqestion. Corrected to s;turated activity and ecalculated for a total source
streneth ut the center of 107 neutrons per second. Correction was msde for %the
deouy of the source. Two sources ware used; the weiker (520) was moeesured by
slotin. The stronger was cpmparad to this by counting indium induced activity
whon f'irst one source and then the other wms placed in the O" ber?llium sphere.
Picure 9 shows the strengtin of each source calculated as function of the time.

(9) This is an average jroduct of the flux and the eross=-soction for
41l neutrons absorted by the foil in quustion. It is piven por unit source
strenrth, The univs of this quantity ere (flux barns) per (neutreon per second).
Thesa are calculatsd as follows:

ciicks \

-y ' - l‘vt/t)'l ’ffth
nin, ng ey

1 clicks . 1. Effg, < 1
- R . .. . - R - e —— ¢ - A e —— .
Seurce stren¢th \minmg, o\ nvd /36 ” Source strength (_;"
1 . 'Clicks' .
—— S £ th »
Source sirencth l; Clickﬁ ;..... e soe LFF. /*
: e o o o DN
3 aq/ .,‘ .E E .,
\ .. .. 3.. 00 e 00D oo
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Figures 5, &, and 7 show the distribution of all neutrons absorbod by .
She foils. 7he circles represent bLis measurerents with pold, indium, and Tans

ranese foils all normalized to unity at the poiat 480" from %the cenver, There

1ere no sigﬁii"ioan‘b differenées found in the distribﬁtion curvés giveﬁ by ‘\:hes.e
tares detéctors‘ The trianrles show this distribution as méasured‘with 25 folls,
normalized to unity at the first point. In all cases this distribution ,.'.‘a‘lls off
nore sveeply aut tne conter than does the other.

The squares ars the hypb-cndznilm neutrons., This data wus obtained by
suabtracting the activity induced in indiu;,'\ f'oils in cadmiun from the total hcti.Vit}[.“ -
Those prints are normalized *so that the total activity (ne cadnium) is unity at
J:H0" from thne conter. ‘T}".C,‘f snow, tﬁerefore, the ratic of %he actlvity induced
in indiun by oadmin_m' absorbable neutrons %o the total aétivity induced in indiuﬁ

ut Lhat same -lupe, The < '3 are the distribation of neutrons producing the

&
(n,p) reaction in phospherus (Ghrashnld~i.5 Hevse

Firure 8 shows the distribution in tue 13-11/15" beryllium sphere, of
neutrons producing fission in 26, (n,p) in vhosphorus and (n,p) in sulphur. A4Also
pln*i;ted (x's) is the .phosphorus activity times fe, The positivd' attenuation shows
that the loss of these high energy neutrons by ebsorption ard slowing down is not
;&de up for by (n,2n) in berylliun under thess -conditions.

P’ig_‘ur'e“ 10 shows thie valne of 4""56;;6%“ o measurod Ln80" from the
-1 o N '

1,

cunbtar of bersilimm spheres with various dstectors plot ted arninst the snhere

diaeter,

"Fimira 11 snows the distribution of neutrons moasured with gold detsctors

in a 3,52 diametor ;5 sphere inside a 9" diameter beryllium sphere. 4 mock-

.

ission source aus at tho center of the 49 sphera.

- #
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