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The 25 fi$sion moss seation is determined ~or neturons er,itted

Sb.Be photoneutron eouroe. The neutrone from this souroe are found to

nearly mono-energetiaO The energy of these neutrons has previously

been reported tobe 2535 Kev (1A-468). A comparison is made of the
a

counting rate made in a large oylinauioal fission ohamber by ths EWEM

souroe and a secondary standard souroe kuown as Mock Fis8ion Sourae

#3. The 25 fission oross seotion for the tnookfission neutrons is measured

absolutely by u$e of~ 1) a smaller oylindrioal fission chamber containing

a foil of known weight; and 2) knowledge of the strength of the mook

fi6sion*3 souroe as measured

Ra-Be source. Also needed isa

Sb-Be source at several given

by Walker by comparison with a standard

the rat%o of strengths of the MF~ and the

dates., These comparisonsare made in two
(:

Wyt3: ‘1) MiJ%th; 2) IIOW “Lo% Counters” containing BIO Omiohed BF3,,

!l%.e2S fission oross seotion obtained is 209 + 0,1 barns at 25 + 5 Rev,

.
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Introduoti.fxl

I

I%e fia6ion @rosa seation of @ was previously measured as a

I%noticm of neutron energy from 1 Mev to low energies using a oertain

‘long oountor” and a 25 fission ohamber~ Several points me also measured

with a double ionisation ohamber known as the 2 ‘FW: oounter and ‘there,. .

1, These gave a value ofwas good agreemnt between the two methods.

3a45’J Opl barns for the 27 Kev point.

Later measurements of the 25 f’lssioncros8 seotion did not agree

with the above value near 30 Kev~ Using Be7 teohniquee a value of 2.30

barns was obtained for 29 Kove2)

LIL140A indioated the exibtenoo of photoneutrcnaaouroe whose

neutrons fell in the energy range h whioh the disputed oross seoti.onI.ay$“

~rther information 3, indioat&l that it was possible that the neutrons

,/
of this souroe might be mono-energetio~

Experimental Frooedure

The first step is to find if.the neutrons from the Sb==Besouroe

are monooenergetio or not. The teohnique tisedis identioal to that useti

by”Han80n and Bailey04) A BF3 ohamber is shielded on all side8 but the

front fioe with 1“ of BIO ~~WO An S&Be souroe is suspended 12inohes

in front of the faoe of the c?ounterand various thiokness absorbers of
.

BIO (95 percent BIO in containers with 15-=milbrass faoea] are plaoed over

the open fioe of the oounter~ If there are only ona-energy neutrone
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APPROVED FOR PUBLIC RELEASE



‘b?-<

.. u

,, -

7 ●

UNCLASSIFIED

striking the absorber, a simple exponential relation shotildexist between
,

thetkioknoss of the abso~ber and the aouwtiug rate observodo If neutrons

of more than one e~tmgy are present either in eeparated groups or in a

oontinuou8 spcotrum, tho above relation should not hold. The experimental

ti5tUpi8 shown in ~go ko Tho data taken are listed !i”nT~ble 10 The data

@otted on semi-log papQr appear RO the solid heavy line on Fig* 2=. The

above explanation”is admittedly.the simplest ease and does not oonsider

degrad~tion of noutrons,due to non-absorbing oollisiona, This latter

effeot must be very small judging from the straightness of the line in

Fig. 20 It appears that the neutrons Qre either monooenergetio or if-.

there

group

wauld

would

?.sa spread, i.tis ve,rysmallo Certainly there is no appreciable

c~f’neutrons ;I?energy muoh lower tha~ the m$iingroupo Suoh a group_

ruin this souroe for this experiment beoause a Iowereenergy group

kave a h3.ghcross seo’bion and thus would make the apparent cross
. .

section for the souroe neutrons too higho

The slope of this line also gives us an estimate of the energy of

these neutrons by cotnpari.ngit with the lines calculated in the same

manner

Oi’ Bos

1200.

,

usingg as the neutron souroes relatively mono-energetio neutrons

;30,a&i 200 Kev obtained from the Li(p,n) reaotion at an angle of

‘Thegeometry used in this calibration i8 shown in fig. lb. The

10$ 30, and 100 K& work was

dRt% agpear in their papor~
.,.-—
,.’

6) ~&242

done by 13ai& and Hansons) and the original

The lines resulting from these:data appear

6) A“ O. Hanson and A. Hemmendingere

T./ ,.
. .

-P

*
., ,, .,

.

IA-468
,.zZ%% -

,.!. .
// ,“
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.“ ‘ Zef:ld
on Fige 2 as dot~ed lines and their energy is ma

es%imate from Fig~ 2 that the energy of the Sb-Be*neutrons is near 30 KQv~

~o~ual’illc~surement of the energy of the Sb-Be n~utrons was done
,.,,

oarefull~ by Hanson and HemmendingerG) by observing maximum pulse heights
. .

of proton roooils in a hydrogen filled proportional oounter~ Thekr value

is 252 5<Kevs
/

Th~ above information indioates this s.ouroeto be ideal forth6

‘problem at mnd~ A d~)alapproaoh was deaided upon~
... . . . .. :..=. ———— . .

~) Plaoo mall Sb.Be qouroes at the oenter pf vari&le diameter

spheres of BIO for 9b-Be neutronse F’rotnthese two pieoos of datap simple

diffukion-th;ory’should give the abv?.rptionorosa seotion Of BIO for this
, ., .. — ,.

energy ntitttrono ‘The ratio of u_(B10)/0f(25) has been measured7) and thus

the 26 fiesion oross seotion can be evaluated

2) A cert~in neutron souroo aalled Mook ~ission#3 has been

calibrated for strength by Walker against a Ra-Be aouroe. The energy

speotrum of neutrons ~o.m this souroe is roughly the fission speatrum buts

ati”~;~ll be desorlbed belowv the fi66i0n oross st$otionof 25 for the average

neutron.ener”gyof this sour6e has been measured. The prooedure now is

to plaoe this ld~ inside a fiosion ohamber and reoord the fissions. Then,

pla& the ~-BeY ~ouroe in the same ohamber at the same position and reoord

the fi6sions~ If the fission foil in the ohamber is 100 poroent 25 or

26 oxide~’thefo~lowing equation holdss
.,

.+5) = cSb-Be s~+#
Sb43e w“ %C&

“f(wKFA3 .
.

/&is oouxxtoaused in the fission ohamber by the /tiers CmaBe J“., d“
//.-/.-’>’.:‘<<”//i._.-.-...

,,;~
7] J, Ho Williams, ek’al~, LA+50 .....
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f) is the strength of the Sb-Be source
Sb-Be .

Wld af(:!b)~J3 i6 thO 25 fission oross section fot tie aver~ge energy

nwtron
.

!thisis

.
of the W 3 souroe.

The remainingstep is to evaluate the ratio of the aouroa strength8~
.. . .

clonemost easily by plaoing the two sources alternately between

two ?loYg oountersW~ However, sinoe one of the o@er msasurcmeqts ofthe
,

fission aross seoti:n in”this regi?n depended upon some long-oounter

measurements, the ratio of the sourQcIdxengths IS a~so measured by ~om... . . ...
~,

paring them in a ~arg~ mangan~se bakh~
f.;

Both mpthod~ w&e used. The “Pzo~lethodhowever has struok s~e

theoretical difficulties and the data have nat-yet been analyzed satia.

faotoril.y~ This paper deals e%olusivoly with tiheseoond me%hod~
----

ifl!$15was originally created for multiplication measurements in

49 and 25 &pheres and & so useds OriMaroh 7S 1845, Walker measured its

souroe strerigthas 3064 x 1(?6neutrons pw seaondo

Two cylindrical’fission foils were painted by ZapOn technique—. \

on the Inside of two platinum oylindera~ A fission ohambar was aonstruotxd

as shown in fig. 3. Ore-I fiaeion foil was ?C.4 peroent enriohed 25 oxidev
‘i

The other was 2? oxide. Th$ procedure is to insert the foil, fill tho

ohmnber to the proper pressures plaoe the eourae somewhere in the room

to give iipropetilyweighted background ei’feet(suoh as would oocur beoause

/

of room-cjoat$erodneutrons,whio~ till ooqe frQm the source fien it i~

“ //@@
the ,oh&b&r, pass through the foi16 without fission or abso~~~~?,~: -“”

.... .!-
,

“.

........... ,...
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‘a ‘>~5kijo”&.htmbersomething id the room and evetitgallybe reflected.,

and ORUW fisGion], and oount~ Then plaoe the souroe at th~ geometrio

cvnter of the foil and count fissions.

--Thent ,

~f=$f N2&f(28) “

.

However,

is the net fission,/minute(qounts minus bade.ground)

$ isthe~nbor ofneutrons hitting the fqilpermiuuti

E is the number of 28 atoms on the foil
28

af(28) is the oross seotio~ pwr atom

the arva of the foil is not easily determined accurately

and thus $ is not knowm @ocura@lyo Away around this difficulty is to

calculate the flux through qn “average cm2W~ For this average area one must

t.

.

,.
b< oaloulati an average or effeotive 1/..20 -P

a ..

i

- dy
$.’!.“ r

(1/r2)eff= ,+. for

/ ‘}

s

.’ ~

dy - so
9ourr3e ro

0,

a

‘1
r

-a
.

(v% )etf

,.
= (l/a)

*
=(1/6 ) (1/ro)tan-2@”.&

,,
0

0 0
.

1

‘J! ‘Sk- +:3=+
i!

@-OO.o
d< r. o

.-l

L .

n

.
.

....--- .-

.,-
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The cy].indrice,lfoil used in the ease of both 25 and 28 is 1 l/2m dia~

meter and 3/4~ Wi.dea Therafore .

“a’=(l]2]ro0

Therefcwe ,

.. .*

whero all q,mr,titieszre the &me as before except

and NM ia

r is the total number of neutrons emitted per minute

the number of 28 atoms per squaro centimeter of foil

the area of the foil.

by tho souroe~

wui A

One does not know Na or A nor does one know if tho atoms oxiho

foil are evenly distributed, However, the total weight of the foil is

known, &d from this the total number of atoms can be aaloulatedo Tho“

total number Ufatom$ is 8iMply ~ o A. Any uneven distribution of atoms
b,

.

is also integrated auto

in whioh all quantifies

(See Table 11 for data,

are known exoept uf(28)o whioh is thus 8olved9

calculation, and results.)

T. -P- ..
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Exaotl_ytha same proaedure is followed for the 25 measurement

except ueing the 25 foilo The same ~ormla would hold of the-.. .
aa for 28

25 cross seotion if the,foil oontxdmed no 2P. However, it does contain
. . . I

thcametal as 28, therefore29.6 percent of’

lfa~is tho total nqmber pf 25 atoms of the foil‘ Where 4

and fl~8Ie the total number of 28 atoms On the foil. .

Substituting in the value of af(28) just determined. all values are known

exoopt c!f(26)and thus it is solved. (See Table 11 for data, caloulatiozm,

The next step is to plaoe the Sb.Be souroe and the A souroe

inside the same,ayli.ndrtcalfoil and meaq~~e the ratio of oountiog rates.
,...

The ~%-E:aao$~raesare of neoessi,ty’relatively large souraes~8) If. ,

.
approxia.atethe effkot of point sources, the oylindriosl foil used must

be quite large. The foil was painted on a 6“ diamote~ brass oy13.nder

uei~ the Zapoa toohniqueo The ohamber designed for this foil is showr in,,

fig. 40’ The data taken with this ohamber are given in Table 1110
.-——-
The la~t and most diffioult portion of the experiment is tho

b

oo.mparisonof the strengths of the two aouraes uaed~ The Sb-Be souroe.
., .

ha~ a hqlf-life of 60 daye~ d’9, Tho ingredients of the M J are NaBF4, .

B@20 and polonium= The half-life would be =pooted to be that of polotiums

140 day6~ It very nearly is 140 days, but not qaiteo It does not even

m -.s<–3

, / ,’ /----

,;.
,,

,,
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deoay q~ite ex~onentially. This is undoubted

the polonium inside the source. ~his does ,no$oeuse particular difficulty
,,

for the only plaoe in wliiohthe absolute value of the stren:th of this.,.. !..

spuroe orhw~ the oalculatione is in the evaluation of uf(25]w as shown

above~ MO difficulty is encountered ?wx’efor the strength of the souroo
,.

was maaeured on Maroh 7, 1946 and the oroes keati.onmeasurement was
.,

made on !darah9, l!346Q The alight diffioultyar~scts in that measurements

of the c]ounting‘ratioin the large fission dwiber and m~asuremonts of ,.,

the ratio of”the souroe $trep@h8 were never iriadeon the same dnyo Thus

the ratio must be extrapolated baok ~o the day on whioh the other ratio

was taken. Arbitrarily, it is deoided to extrapolate sourcm strength

ratios tack to tho dates of oounting
.,..

ratios are ‘takenat v~rioue dates 80,.,,- .—

faotor on *ho souroe strength ratios

rqt~ ratio8= Enough souroe etrength

th~t the effeot of the migration

oould be estimated in any ease with
.,

an error less than 1 peroent (see Table IV)O

Measurements of source-strength ratios are made in two waysa

The easiest way experimentally ie by comparison with long oounters~ The
. .

counters used are 8hown in Fig. S. These -oounter8ham teen oarefully. . .

dmoked for a?nsitivi%y for neutrons of several widely different energies~

byu~ing sovoral different souruess with and without D20 degrading sphere.. . .....’,.._.’ ..-., . . .

Their sensitivity ourve is shown in fig. 60 The ratio of their sensitivity
.

t? @ &utrons and Sb-Be neutro~s is probably known to within 2 peroent~
,. ..

The experimental set-up used is shown in E%g. ?. The data obtained are

in Table 3V~ . /“
‘>.

AZ= .47’
The other souroe strength ratio”moasurementis made using ~.z...“-~.. .----........-

/ , ““” ~ .’

. ../

I e
:, ___ ,_

.
. . .,

,, -.

–—— ‘
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new IIW%4 bath. The bath is in a luoite oontai<$~;<3YO*tx 30N x 3611,and

is filled to,a height of 30110 Tho koohnique is one develop~ by C. M= TurnerOIO)

It co~.~sts of removing a luoitcivessel full of solution, and then putting

in one or ih~ other souroe a~ the oenter of the bath. A oortain time is

allowed for irradiation of the solution by the souroe$ the souroe is remmed~
.. ..

the solution ie ~ti.rrodthoroughly by an electrically driven lucite pro-

p’eller~ A sample of the eolutim is removed in a lucite vessel and t~ksn

,..
to a~other room where the Geiger oounter is set. The oounter is of the

thin-wa].l~d.‘tChioagolltype. A standard lead”pighas been set on end, door-

8ide downs and the baok plate unsorewed. This plato is oarefully lifted

straight up and ths oounter oomee ti$h it. ‘i’heluoite vessel containing
,..

irradiated sample just fits into the pig and slides down to a stop mounted

in the pi.go The level of”the solution in the vessel has been’so seleoted

that when the aountc+r$s aar~fully lowered into the solution, the baak

plate will oanw into position

. .
portion of the countero This

I’tgo8 shows the arrangement
?

Ratiiationtimes are

just as the solution oovers the aotive

gives an easily reproducible goometryo

.,+, ,.

to be removed, the GM oirauit is
. .

*
minutes. It is then oheoked for

hourso B&fore it is time for the sourae

turned on, allowed to warm
.

plateau drift by plaoing a
. .

of uranium glass around tbo oounter at a definite spot. If
.,!:

rate eve.?a period of 5 minutes is the same as the previous

tionltit is assumed to be on the plateau. The ring is then

,,
10) R. ,F~Ta~chek and C. K. Turner, IA-446

●

●

v

/’e
%

+.

.,

.—
,-. !.,

,.

up for 16

given ring

the oounting

‘standardi~a-

&moved and

“/
/

/“<.. .
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the vessel of solution taken before the source”was int

bath t.hcnight bsfore is then plaoed in the pig and the oountor placed

in ite The resulting count is a oount due to the sotivity of W Lath

before the sourco had been introduced (nQte t~is aotivity has decnyed;

the same”&mm&t th<t U& original actl+ity of the unradiatod bath wauld
–, . . . .

deoay if the bath had not beerlradiated). It-is used as a “baokgrourid”

oounto This background oount i$ timed to end at a few minutes beforethe

souroa is to be taken from the bath. The souroe is

bath and.a stop watah iu sta:ted at the timo of its.

stirred and the active sample brought to the GM set

put intc~the pig and the oounter is started at sQm9

say 10 minutes after the souroe is rmnoved from the

now removed from the

removal. The bath is

up. The VCMSO1 ia,

predetemmin&i times

bath. The oount&

is read”at reg;l~r lrk.ervals‘on the runl10 The counts per interval are

then extrapolated back to the t,imowhen the souroe is removode

A good discwasion of the theory of the Mn’bath is oontained in

- L&445~ Two points should be discussed here, however. Christy has estiimted

that a bath a oubio meter in size would lose 1 to 2 peroent of the neutrons

11)froIua Na+~e soureeo In view of this~ one would not expect a lc.,+;of

more thm 1 peroent of the neutrons of’the W 3 souroe from this tank and
“/

praatlonily no loss of Sb-=Beneutrons. Therefore, no oorreotion is made

for this effect. The skoond point is~ as disoussed in IA-4459 that when

one souroe is radiating the bathg the bath itself b&omes radioactive with

uu.chshorter half-life than the souroe (2.69 lws oompared to 60 and 140 days].

‘whereforesa saturation valu~ aan be reaohed~ 13 hours gives roughly~.. ,. ,,

96 pero~3n*saturation. Hcwever, in this experiment where there is Ei

., ,.6
./.,

11) Co M+ Turner, ‘k ??oteboo3c3”ll
.. w‘-.

●
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>=‘a oompariao<o? s;uroea, it is simplest to’le~ve the.._.
. ..,

lengths of time and thus the saturation effeot oan-oels”oukin the ratioa.,.
,.

This is do”nbo
/

The ratio of souroe s%rongtha is considered simply as the

.
raliioof the oounting rates, correoted only for the deoay of the souroes

. .,

between runs. (See Table lV for data)o
. ,“ :.
Aa stated before, if,the fission foil in the large fission ohamber

. .,-
wru 100 pe”roent2S oxide$ the eqmti9n for thu desired oross seotion

.,” ‘,

would I)t$$

v o q(m)-

,.
However, the foil used”was 80”peroent 26 and 20 perormt 28. The SbCBe

neutronu would oause no fission in the 28 a~d thus tho total oounts ob.
=,

served ’withthe Sb-Be souroe woyld come Golely from 250 The Ml?& sourca
...’”

does have souw neutrons of high enough energy to oause 28 fission~ Thus

thg cmuntg of the large fisqion ohamber when it containod the W-% source

are partially due to 280 7hus

.

4

/ ,.

Using the.value 028/1027 determined with small fission ok,mber

ef(28)m~~”:2$)&%
.- ------—... . ./

,,
WO have

.

A summary of th~ results of’the
..-

.

for

---
:— -.. ,.
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TABLSI

1 .,
[

$

Distfmoe from &.Be Smiroe to O@n Counter Moe
12”

. .

Cirouits: 8titXid8I%qli fier, Sands fhplifiors’Hi&gixLboWm sW&Vrs ~ti
tit+ery *ok

\

0;1
09s

14.1
1601

0.8?6

0.361O*1
0,s

0(!6148’.7
16.1

0.1
00s

600 9.8
180S 1666

1/2”Blo

2@ Blo

. Dunny
,

l/4”BM
1* B~o

m-

2U BIO
Dummy

,1/2”BIO
lf4*”Blo

Dummy

l/4w819
1/4-BIO

lf4n Blo

OultDlly

1* @

O(J126
6@ 2’*1
6(30 1600

0.746
oc@’7

11*4
5“.(3
16.2

609 11.s
1200 5,1
6oQ 1s07

0.1s02*3
16.S

U2E 204
600! 16~“0

0.646
0.834

10.1
U&l
1600

,,
608 W*2
6oU 23’*2
6o0 16p6

04)1
O*1
O.s

0.700
O.?ut

lx. o
11.1
16*4
.

001
001
0.s

100Q 1101
826Q 11”.2
~la 1509

0.779
133Q 12.1
1~ a 1509

12.0
16.4

0.1
O.s

0s876*Z127g 5.3 O.z

Dummy ‘ , 120C 1S.9 O,*6 M*4

--- “;,: ----- .-,
. —.. . .. . .. . . .—

-. ... . . . . ... :..—
_—----
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Typeof Oougtur$ SOe ?igv s

. cirouit8a A*” ~,qlifie~, SandS Amplifier. Higinbotham Sealer
and kt$@y pnok

tliamamr of **2W8S “ 1 l/$Y
Width Of RAlw 3/@

tieightOf ~ fOil$ 6.7 mg~ -do ( contains 5.6 mg 28 or 14.32 x 1018 ~tORLS)

Weight of ’26 ti,il: 6069 W. adej 7cb4h2~s 290@28
(~ontiina3.!33mg,,26 or 6.50 x 1018 atoms 25

and 1.40 ~. 28 or 3.53 x l@%tom6 28)

Strength of SW” on March 7~ 1946” 3.64 X“1~ neutrons per second
or 218.4 x 106 naatron8 per minute.

COUNTIliGRATES

TIMS OF EUB Cmms couNTs/btIms BACKGHOIRiD FOIL

213 Q 37?4 1707 nq Mgible 28

~7 # 2432 17.8 negligible 28

162 Q 2685 1? 07 negligible 28

409 2128 53”2 0GX5“ 25

479 2380 60.6 0013 26
/

180$ 6364 53.0 0013 2s

%0’J 4720 52;5 0013 25

1~ e W34 51.7 oc.13 “26

llf (28 )/atlnute 17.7

Nf(2s)/&inute 52*1

for the 28 foiY? uf(28>~ -
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TABLE121

Diameter of M 1S Uniqorhd in oaIoulations; approximately 6Wa

IMTB R21ATIVE P20EABLE ERR=

8/10/46 1*12 1.2$

8/12/45 1.18 32
.

8/26/46 1a16 lc46~

12/6/4S 1.68% 2.s $+

12/11/46 1.62* 2$

*We&e WIUOS are for a aew Sb-M souroe of greater strength.

TA8LE IV

cirouit8: Sands preamp~i.ft’er,
and battery paok~

DATE Model
REIATIVE PROEABI#

DATE METHOD $Omw molt

t;inwalle~ alumlnum ‘Chioag& type-
..
Sands Amplifier, Higinbothm Soalerg

GM drouit

,.
0/2j46 Lo :=16 3 %

8/18/45 I& 1.?9 3 f.

8/85/46 M Bath 1.92 3$

12/14/46 xc 1.42* 3X’.

12/20/45 MO Bath 1o36w 4 fit

1/:/46
/, edxa~olated /

baok to
12/6/45

..
*~gse ~l~es for new Sb.Be souroe of’ greater str6&th.

LNc-
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12/6/45 3
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ASpenaix CJNSTRUC’IIONOF SB==BESOURCES—. ..

Two Sb-Be souroes ;ere used in this experiment,and two others
.----

were ~a-~d-i”~tie B1O k~$orption cross section ~{ork. The first souroe “,
-’.

used was ‘tne$sy~dangerous to c&6truct0 and ineflioientc A Sh2g Of

hot .% ms sent from the Argome pile in a speoial aluminum oontainer
.. .’,,.

which is %ery securely fastened to tho Sb, Re?oval wss done bY
.—.

Lindsay %lmholtz by brute force; a piece 3/4” long was cu~ off with a
,

?mok saw in a hood, -till porssibleprecautionswere taken but the job

tiasna::tsi=Ibis SIUS V.USplaoed in divided spheiieof Be which had a
.

. .
cylindrical hole waohined in the oenter. The two hemispheres were held

Tho sooond souroe was made here out of cold Sb and Be* then

sent tc the Argonne pile and heated. Two hemispherical she~ls were
.,.

u.achinedto 1“ I D and 1.25” 0 Do EQah shell w~s then ‘“~sa.:..--

~>m~oibleto melt Sb in it .. enough to fill the shell and leave a good

As the Sb solidii’iesrit expands and oan~ized msntsqua over the tQP* .
,.,. :

be remo.~ed”fiou the Be only by remelting., Next tha Sb meniscus was

f~led off so’that two solid hemispheres resulted= Tho two hemisp!!ereg

~$cIJclamp and a hea~y springwer~ then clamped solidly together with a

insuring o-.mpl~te metling of ths Sb inside and then allowed to cool. The

two Be keuiispherioalcaps acre’found to bo so tiqhkly locked together th$t
..

they could not be removed ~xaept by br&~ ;: of’ the sphere or remelting:.

. . .

.,
,.

,

.,
—y -

..__
. . . --— ___-,-

—-—————-. - ~~
—. ——- .. --===5-—~

., .!
. .
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