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ABW’RACT

trons, are dososibed. Throo methods were used: (3)

“ BIO(~,CX> dieintsgration rate ofweighcd boron films“

rate of weighed 2S films in the same %h!MZWl”A@UtrOZI
.

25, where ac is *IN crooc

section, for thmxwl nou-

a comparison of the

relative to t?m fio8ion

f!hix,with the known

relative absorption orosa sootions; (2) a doterzninationsimilar to (2) exo~pt

that the Li6(n,q) XX38C%iOk3in weighed LiF .fihnswas usc!d;(3) cornpariaonof

tho disintegration rate in a BF3-filled counter of known active VOMUW with the

fission rate in weighed 25 fi3ms in the same thermal flux- The three rmthodo

yield respectively these results: (1) CK=0.18t .03+ (2)ck=0.154~ .02;

(3)q = 0.155 i .035. ‘lhoaVerQ~e is ~ =0.16 ~ .03.

‘Ly’/~q~... ,,, FIUI
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.

~E&+@$T OF THE CAPTURE-F’ISSIONRATIO IN 25 FOR TREIWAL NEUTRONS

Tho total absorption cross section G~5 of!25 for thermal neutrom has

been repor%ed by Fermil). This cross section irmludes both oaptura to form 26

and tiac50n; i.e., 025 = ac + cf, hence

a= G&.

Ferti2~ has determined & for

&=O.21 (but see noto 2).

- We hwexmde now mwvmmments

1. BORON - 2!5YWkl EXPERmEXVT

it is of intcm39t to measure the ratio

neu%rono of thermal energy. 1% reports

Our first mathodvras the following:

~ threo methods.

thin film of boron

riched alloy, of known mass, depoeited on metal foils, wero placed

and 25-on-

in the same

b
thermal neutron flux, h adjacent ionization chambers, and the ratio r of

fimsion and B30(n,M) disintegration rates obtained. Tho ratio of these rates

which would occur if all thermal neutron absorption by 25 wero due tG fission

(i.e., cx = 0) is

1) Fermi, E., CP-13W.

2) Fermi, E., CP-M531. Hia value of d was Mxm.nomsured *O be O.M. Xt 5.8
to be om@xz~ized that J?ormiVsobservations are treated without corrections
for the thiokmss of’the 25 and Li foils used. The value of observed COUIIt-
ing rates, r:, is thus subject to a correction which we estimaie should in-
csreasethe value of & obkainod by him.

.

lNw’NNHED
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whero llBand ~25 are the numbers of stoma Pro&ent and the M‘8 are mames. TIlo

aotnal disintegration ratio is gi.vm by

tx)that

thio~oss Of tho films. In our work these oorrectiono were

scribed at the end of this paper.

(2)

the true value of

be corrected for tha

made: they aro de-

Th@ thin woighcd boron mmpleswere prepared ~deeomposition of’3%%

gas impinging on hot tung~ten foils3)* The Ix&!d.que is Vt3~ dii?fkult, but “

thrwe satiafaotory films wore produced. They were made as heavy an wag conaiat-

ent with thinness, in order to increase the percentage accuracy in weighing. To

test for t!m presence of impuri.tiie~, one film W.9Sanalyzed spectro~copically;

tho principal foreign material czspectedwas Silicon,‘because of’the technique,

and this WtkS not found in any appreciable quemtitye Moreover, the B2B6 gaa USOd

waa 99.6 poroent pure.

TM 25 sample in moat

plated on platinum, code number

of the exporimentn used

E5C& its 25 content has

3) RUcudl, Ii.,report in preparation.

—— ..—..-
. —,
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4)
meaourod . Chamborlaints result of 763 /AQR, obtained by comparison with

mmpha of the ?330series, was edopted, ps&ly bemuse

used by Foxomiin the work on 025 and c4quoted above.

waa used which had been weighed byo(~counting and also

the oourm of

alloy. Them

The

@tale in Fig.

other !310material was

For one run an E1O mmplo

by fission counting, in

this work, by wxopariaon in a thermal flux with a sample ofnmmal

two weighings agreed within 1 peroen-t. o

ionization chambers, made of aluminum throughout, are drawn to

1. The tmmphs were nwuntcd on either side of the common high-

voltage eleotrode, and eo were separated “wjroaly 3/64m o??Al. Tho gas used was

Spoo%rosoopio argon at about 2 atxuoaphoros,with a ohamber depth of 7 mm.

In tho csourseof these observations two neutron oouroes wore used.

First, well+mrmalized neutrons more obtained in the oarbon I&mk in MiMing X,

and a Od ratio of over 1000 in tho particular spot chosen. Seoond, it was i%und

that with a su.ffioiontlylarge paraffin block and primnry neutron energy loss

than 200 kv from the IA(p,n) reaction, the observations of rt could be duplicat-

ed in Building W, with a Cd ratio of nearQ 1000.

3n obtainin~ r’, sotieralprecautions were obsarved. Run~ with dummy

samples e~+ablished that the background was negligible. Care was taken to
.

edxablish bias plateaus. This was easy in the 25

ourve is given in Fig. 2. It was achieved in the

fior of low (120 kv) noim level and stable gain,

ohambors a ~epresentative bias

boron cam by using an ampli-

preparing sufficiently thin

rt as a function of oounter bias. A representative

.

4) Bush, J. b!-,(unpublishod)$ Chamberlain, O., (unpublished).
-.—_ __.- ..__ <.-...—_ . ..—---- ----

:~i!ii!i
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‘“W’ “““3
biws CUSVQ is given in Fig. 3. Li7 recoils aa well as ~-pm%iclea me datsct-

od; in Fig. 3 tho G(-partic3e6are cut off at t!tbGUtbias 45, hence the Iiire-

coil% are aounted out to about bia~ 23. Thus in this work, as well as in the

later work, the probability of doteoting a disintegration is almost unity. The

Valm of’ I?g”is taken jvmt abovo the noiso Ievol. in

observed to 1 porcont. Repeat runG woro te.ken~ Swe

provod reproducible within 1 percent.

this way r’ could be

CW3t3S; th~ V~~U~lJ Of rc

Zn cakubting the value of IXfrofi]these observations we used

~B = 703x20-24 om2 and rs25e 640xM2* cm2, value~ roportociby Fermi ~06),

‘i’horemits aro summarized in Table 1.

—— —..

5) Fermi, E., GP-1098. In regard to aZS, for the neutron energy dis%r&buk50>
present in our experiments, see Ssmtion IV, pagO 25.

.

‘v~d—.—-_,—.-..—
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The average (Gince the lY2trials are not indepanderit)ia

OLZO.18 ? .03. The probable errors are those arising from uncertxitntiesin

the MWMWS and observations on these foils and do not contain uncertainties in

OE or a~5.

Since the V~~UQ of r’ for my one foil oould bo closaly reproduced,

the moat likely explanation for & spread in answers is error in the mass of

boron; such errors tire hard to zwroidwhen dealing with aueh small weights.

Seotion 1, lithiumwm oompmed with 2S, us-

ing the iA~(n,cX) reaoixion. The same ionization chambers and souroe of slow

neutrons were ueod+ the same equations apply if one r0ph0e6 Ma by Mu, aB by

aLi# and tbe akomb weight faator 10.82 by 6.94.

The lithium fluoride films were prepared by evaporation from a steel

ftmnace hoatod to Rbowt 900° C.

cleaned and blanks were run. A

&chioved before the LiF waa put

only about fif’temnseconds, the

was taken from an optical blank

speatroscopio analysis on the

percent of Si, Mg,

O*O1 - 0.1 percent

oxaruinationof tlzo

vwsled only a very

?3,Fe, Ag,

of Al. No

Before the LiFwas deposited the furnace was

blank of three micrograms in five minutes was

in tho furnace. Since the deposition time ma

blank correction was ne~ligible. The LiFused

supplied by the Harshaw OlxxniaalCompany. A

startiingnatieria%ohowed tiracesof lose than .001

Na, and Cti,0.001 - 0.01 percent of Cu and E% and

othol*metallic impurities were found. An Optioal

infra-red transmission of a atiilar oryatalline LiF has re-

small amount of LiRF2 a8 an impurity). One of the finishad

7) Wright, N., Review of Scientific lkstru$mnts,~, %2 (1944).
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LiF films was also spsotroncopicullyanalysed. The major impuriti.enwere 0.02

percent of boron, 0.01 parcant of silicon and 0.02 percent of silver; tha only

othor metal found waa a traoa of (XZ. The analyaes ero acotiratato about SO

peroent. Apperedily *ho clomenttiwith more volati3e fluorides wore concentrated

by the ovaporcttiontechnique.

The impurities aro given as tho weight

weight of LiF; if we convert to the fluoride, we

poreent of metal based

obtain 0.23 percent of

.037 ~rcent Sil?4,and 0.024 percent AgF. ThG LiF is then 99.8 Perc6nk

on the

BF~,

pure.

Few nuclear rmwtions, tho important ratio is that of boron atomo to lithium

atoms. ThiG ratio is 0.00048:1. Sinca the boron oroas section for slow neu-

trons is about eleven times that of Li the ratio of boron counts to lithium

Oounta is 0.00!53;1. The correction thurefore in the observed oount%ng rate per

unit wsight Of lithium is ~ 0-2 percent in the weight and -(?.5percent for boron
.

im?urity or a not oorreotion of -0.3 percent. Thitioorreo%ion will probably

vary somowhat from film to film sinoe the first films made from a fresh oharge

of Ed’ will probably havo a higher poroenta~e of boron than suecoeding f!ilm.s.

. I?orthis reason and because this error is considerably smaller than some of the

other experimental errors in tho mensuremcnts, a correction does not sewn desir-

able. We can say with considerabl~ confidence that the error due to impurities

in the lithium fluoride doos not exceed 0.5 percent.

Again IMC was the principal 25 sample. Three runs were taken in which

lithium film were measured both against E5C and against an E1O film of 25. HOW

theso compare may be seen in ‘l!able11.

It waa ea~icm ko measure r* than for boron, beoause of the greater

piarticleonorgy. To stop the H3 recoi2ts,the ionization ohsmber was deepened to

._—. ..- - —-.—..———.— . .. ....—-- -
-....--+...
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anm-’:~—.-.
23 mm snd the pr~ssure of speclmoscopic argon to aboiiti4 atnmapheres. rf was

again measured as a function of bias. A sample bias curve is shown in Fig. 4*

r’ 56 taken just above the noise level. The 25 ohambor had tho same bias curve

as before, ThiGkne8a correction were calculated as in tho boron aase.

The W&hW Of au WtV3

8) from Chicago.ault roporkci

8) CP-1531.

token ab 84.9x10-24 cm2; this is the latest re-

The lithium results are giwon in Table XX.

..._=----- -

‘-m=----.......
,
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Combining the GPt2 and (3I%4results with tho different 2S films, and

$weigh ng the amnmru linearly acoording to their aacuraciee, one obtains

&=o.154k .02. The error6 stated do not inolude my probable error in aLi.

We have enough lithium films in these experiments GO that the errors

inweig~ing should awerago out fairly well; the principal remaining sourue of

uncertainty c$eomsto be tho maG6 of 25.

111. BF3 - 25 COMPA.RISC)llEXPERIMENT

.Xrlorder to make a determination of the quantity d, w~ch~inde.

p~nden% of th~ ma8s determination of tho boron or lithium-fluoride films, the

counting rate of an ionimtion chamber oontdning BF3 gas was compared with that

of an almost identical ionization chamber containing two foils aovered with en-

riched 25 when the two chambers were in a uniform flux of thermal neutrons.

The cross section of the M’3 chambc$ris shown in Fig. S. The ioniza-

tion ohamber for the 25-foils is of the same oomtruc%ion exoep% that the ends

of the hollow high voltage eleotrode are not spherical so that the circular

foils diameter 1-3/’4”would lie flat on tho inner wall. As noted on the diagram,
.

the chambers were eonstructod of dural to reduoe the absorption of’tho slow neu.

trons, and the gaskets which seal the chambers are of lead to eliminate any

mntorial which would absorb or contaminate the BF3 gas. The hi.zhvolta~e insula.

tors are of porcelain and the oollector eleotrode insula%or8 are of glass.

The neutrons were provided by the short bank in Yf. Their original

morgy was 100 kv or less, and they were thermalized by a blook of paraffin

18nx18’’x20t’with a 61’x6’’x24°hob in it for the ohambm?a. ‘fhisgavo a ~~yer of

paraffin six inches thick on all sides of the chambers except in the direction

away from the neutron source. Tho axe6 of the d,ambors were parallel and two
—-.

~:k~s

APPROVED FOR PUBLIC RELEASE
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and a half inchoa apart. ‘theyand tho preamplifier wore suspendcxlso tlmir

positions oould be interohamged periodically during the run to aompsnsate f’or

any non-uniformity in the neutron flux in th~ hole in the parmffin block. WMn

interchanged in this way the ratio of counting rates clxmged 6 percent or less,

The effective counting volume of the M% chamber was drytmrminodby

filling the high voltage slectrods with water. ‘fhevolume ofwatsr was measured

from a burette and this was ch~cked by weighing tho eleotrode before and after

filling. As a check this

was subtracted the volumo

made for the region where

wtM done aeptirtz+xdy by two per60ns. fhmm thh volume

of the collector olectrodo, and a small oorrmtion was

the collector elactrode enters the high-voltage elect.

rode. TIIed?fectivo volume waa considered

The 13F3gaa was purified and put

s?arecithe pressure to be 10.22 $ .05 cm Ii%

to

in

at

be 15.96 ~0.04 ao.

the ohamber by Russell. He mcm.

a temperature of 25° C. To

shorten the range of the.disintegra.tionpartioles and therew make the etfczotive

aounting volumo better defined, pure argon was added to make the total prossum

two pounds above atmospheric.

The hiRh voltage electrode was hold a% a positive po%ent5.@lof 2200

volts●

DurinR the preliminary testing of the chamber it was filled and emp-

tied several times. It was fcmnd that sufficient boron romairmd on the walls of

the chambcw to give a residual cmnting rate whiohwne 4 percent of the rate

when it oontained M’3 at 10 cm pressure. After several cycles of filling and

emptying this kokground did not increase further. It was oompnred with the

normal tate by using a Ra-Be source in a standard paraffin geometry and was

found not to ohange appreciably over a period of two waelca.

APPROVED FOR PUBLIC RELEASE
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is plotted (Fig.

just above noise

Of ZWO biws i8 ~

maximumsigrmlof

bias of 35 units,

-14-

Gurve of oomting rato vs the bias of the sc~lee discriminator

6) it is found that the ourve is not exeGt3y flat in the region

level, but hao a r310pesuoh that the exkrapokted OOUnt~ rate

percent higher than the rate for a bias of 20 units. For a

100 units th~ curve is straight from a bias of 12 units to a

so this 4 pbrconk exkrapolatxioncan be eafiilydetermined.

The bias+curve prokably slopos in this way because of a eomewhat non-uniform

collecting field in the counting region, particularly whoro tho colleetor elect-

rode enters the high voltago elootrode. This bias curve was memurod sevaral

times during the final runs by means of a second scaler connectod in parallel to

tho one set cons’~tly at a bias of 20 units.

The ionization chamber containin~ the 25 foils WW? filled with 55

pounds per squaro inch gauge pressure of pure argon in order to make the range

of the fission fragments small as oompared to *ha curvature of the electrode

walls ● If this had not been done a considerable fraction of the fission frag-

ments would have been stopped by the

tion of,’their energy. No oormction

this ohamber had an appreciable flat

walls beforo giving up a sufficient fene-

for this was neoessary ae a bias curve for

region. To secure satisfactory collection

the high voltage electrode wa~ hold at 4000 volts positivo.

The 25was on two foils, E1OM7 and EIOH8, with a total maGs of 25 of

229.6 Z 5.5 micrograms.

The final data was taken in six runs, between eaoh pair of which the

positiono of the chambers were rcvarsed as explained above. The second pair of

runs was taken with a oounting rate which was about one-third the otihersto show

thet the ratio of oounting rates was independent of th~ number of counts per
—-_—— —-........-._ .....—..—...—..-—-—

---—.- ._.. __— ..—
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gh!liiw.::::-..—.+-—.–........-=?—
second. Each run had 1600 to 2000 fission pulses and the BP3 rate was ovor one

hundred times this, @ the probable

The three runs in one position gave

115.7), while ths three runs intho

satios of 11($.5,116.9, 213.7 (average

othm position gave 119.2, 120.8, 122.0

(avemgo120.7). Thomerdla wr~ei&t hon138.253 .6.

Tho computed ratio of oounting rates, obtained by uso ofaB = 703 and

’25 = 6A(Ibarmi with tho nwasured premure and effective volume, i~ 102.4 ~2.’/S.

The measured ratio is X5.5 percent higher than thie. on this basis the vtdue of

(#would be 0.155 * .035.

IV, MOST PROBABLE VALUE 03?~

The three determinations averaged linearly yield 0!.=0.16, and a

roa~onablo limitation on the error MS ~.03.

M previously fitxztod,the probable orros?b in cf~,ats, and aLi are not

Mom into aGcount in caloukting the error in d.

Vahms at

work were

The values of these orose sootiona

2200 merberslsecneutron velo~ity.

distribu’todin energy, so that, if

used ir,these calculations are the

flowthe ncndxons used in the premnt

the cross ruxtions de not obey the

same law as a function of.energy, iiheoffoctive ercms sectdsxm will differ rela.-

tiw to ono another from tho values USOCI in tho oalculabiona. CYBand au My be

taken as I./vin this region, but data

and absorption methods, indicato that

‘) involving fissionof Mdhulid Ot al. ,

9) Ander~on, .Imratelli,BMMniel and Suttc?rl,LA-91.

. ..—-...—.. . ..
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Assuming a Maxwlliam distribution of neutron velocities which ia cer-

tiain3ynot true for the neutron8 degraded by paraffin, and using %he ?M)sn5el

fi88ion data fora25 as a ftUIOtiOn of energy, one obtains an effective a25 abou~

2.5 peraent lower than that which we havo used. This correction to a25’wouM

lower the value of (1 ~~)

Iiowever,further

absorption detection, tend

dioated by the experiments

~ the same ratio.

experiments of IMku2iel on 25 in this region, using

to show a nwarer approach to tho I/v law than is in-

uuing fi8sion. It is therefore felt that it ia soma.

what dubious

~hi8 t- to

ia obtained,

whether this correction to d should be applied. It may suffico at

point out that if sufficiently aacurate data on the behavior ofq5

tho revision in the value of ~ may be made.

v. THICKNESS CORRECTI~N

The thickneascorrsotions are calculated by the method desoribod by

Hull@. IrIa film of thiokness t, imagine a slab of thickness d%, whose

distance below the surface i6 x. Let e be the fraction of the range R of a

*

particle in the substanm which

the slab and still be detected.

/ angle at which the particle may
J

still travel only the distance

Then

Y= no, detected from & ~{solid angle defined

.. ‘ (1/2)(1 CDx/6R)x (no. emitted i’romdx).

10) Report A-1235.

it may spend in

Let j?$bethe

be emitted and

SR in the film.

by 9$)x (no. emitted from&)

—

~~
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L@t n be the number emitted per
Pm”

Than

npAdx, where A is tho area of the film and

Y = (2/2)(3 - x/@ ● n Ad=, “
Y

~a integrating

—-— . .,.—-
.—

,
tho number emitt@d from dx is

7
iS Mm dsnsi%y. So

Then tho

the total

No. deteoted
Ho. emitted

=*: (3/2)(3 -ti/2sR).

I

If wo include both emitted particle and recoil nuoleuB from a reeotion,

fraction detected is

F= I,- (t/4)(1/eJ&

The correction factor by whiah

The faotors en%ering

Z%e quantity

ener~ less than 120 kv

be missed.

+ %432).
r} mu6t be multiplied *O give r is %hen l/F.

the above equation are given in ‘tabloIII.

G iB somewhat Indefinite, since

will be detected and some with a

some partioles with

l~ttle more energy will

APPROVED FOR PUBLIC RELEASE
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TABLE 133

s Range
cm
—.

dc* ● 93 4*9XIO”4
Boron casv

Li*s .90 2.8x10-4
1 n

E5C .7 1.4XI0-3
Fio6i0n ease

EM .7 1.4xlo-3

Area
~mz

5.1

8.0

7.2
.—.. .-—

8.0

Density
gdli’n$

,..— _.. . . ..-

2.3

2*S

7.2
—.-—

7.2

*
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@E?!!nZn the borort case the rmnge~ were es-h”

The ranges in air ara known2~)$ extrapolating

matoe that the atomic stopping power of boron

lithium, the ranges in air are alao known13),

from nearby elements12); one es-ti-

relatiwe to air is.O.77. For

and the atomic stopping power can

be

of

on

estimated from thoorylh) aa 0.86 times air. For tho fieaion case, tho ranges

the fragmont~ may be roughly estimated from the data of Sogr@ and Wiegmd15~

the stopping of’fission fragments in U308.

The KOSt reaoonablo assumption concerning the density is that the

films aro depoaitod at the nominal density. But sinoe tho thiokness tind ra~o

are ati’eotedin about the same way by changes in density, the exact value is not

very important. One may point mt that errors of say 10 percent in t, G, and

R do not have appreciable effects on F.

The calculated correction factiors are given in Table IV.

11) Rotbla’t,Nuture,138, 202 (1936). He has verbally correoted the Li range
given thctref’rom~38 cm to .36 cm.

12) Livingston and 13ethe$Rev. Mod. I%ys.,~, 245 (3937).

13) “Livingston and ~Oi’mi’1, phySo Rev., 5(J,401 (1936).

14) Rasetti, Elements of Nuclear Physics, pg. 62.
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