
— ——.—,

.@

/./

+
5j/-/. =-’

0 ..-O

Jmmy4, 1944 This document contains 34 pages ‘

A CO!WA!?XXX!OF BORO!4AND 25 FISSION CROSS-SECTIONS

FOR NiWTRONS OF iiliEN2J.X3F’R(LTHERMl T03

WRK DONE BY:.——

C. L, Railoy

J.:. Blair

!’{.(:.Bright

?).fl.Frisch

K. Gr6isen

A. 0. Hanson

J. 2. Hush

E. J. Konopinski

R. Krohn

J. L. I;cKibben

R. Perry

H. R. Richards

R. l’.Taschek

C. l!.Turner

J. H. tiilliam

L#v

REPORT WRITTEN BY:
h

C. 1.).~ailCy
..“

A. O. Hanson

E. J. ISonopinski

UNCLASSIFIED

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE

ABOUT THIS REPORT
This official electronic version was created by scanningthe best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.For additional information or comments, contact: Library Without Walls Project Los Alamos National Laboratory Research LibraryLos Alamos, NM 87544 Phone: (505)667-4448 E-mail: lwwp@lanl.gov



*2”

ABSTRACT

A comparison of the 25 fission oross-section to that of boron foe

nautrons of snergias ranging from thermal to a few kilovolts was mado by ccun-

pM?i~ the counting rates from a 25 and Q boron film when ahiolded by various

amounta of boron absarber. An inoreaae in a259fiw a i’aotorof 3,3 ia

fcund to occmr in tho region of 2

A comparison of UB ari

to 200 Ov.

G26 for neutrons with energies frc)mO.15
I

energy range.

maximum valuo
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A COMMRXSON OF BORON AND 25 FISSION CROSSZ$EWTKXW FOR NEUTRONS

0!?ENERGIES FROM TWH?MAL TO 3. Mm

INTRODUCTION

!40ewromonk8 on the neutron capture cross-section of boron have

been !wdo by R.F. I?.aohcx,C~P- Eaker, and B*Il.&?cDaniel[C-25) using tha

modulated bmm method. Their moasuremont~ were carried up to approximatdy

50 m aud it ~i~s found that hhe boron absorption crcs~-aecrtionobeyed the #v

law up to that energy. Their results Ewe a vduo of 70~ barns for the ab-

ttorptioncro6s.section for thermal neutrons (0.025 ev). Measurements made

at Chicago oonfi.rmthi~ value for the thermal oross-section.

hkxwurements of the 25 fission cross-section for th.ormalneutrons

Mm also been mado at Chic&go whioh gavo (avalue of645 barns (CP.1O%8].

No extensiva measurements have boon mada on the behavior of C25 as a func-

tion o? energy in tho low onorgy region. %asuremsnt~ of the 2S fission

crom-mwtion have been made in more detail for neutronu of onorgios from

0015 to 1.9 Mev by the Wisconsin.group. (Seo A.O. Hanson CF06N3, or L A

Handl!ookLA-12=) ThO vahea at high 0n0rgi06 indicate a w?due Which is

approximately 12 timeo that which would be obtained by extrapolating the

oncqias on the awwmption that tho l/v law

oner~y r~e. _.r--- ——..—...-.———-—.,”-———.-
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Tna only previous measurertiontof the boron cross-section for high

energy neutroxw is one made lzYN.P. Hcydonburg and R-C. Wyor {UF-605). Thqy

found.a value for 0.6 Eev neutrons which wss about twice that ex~ected from

th I/v law.

Jn the absence of my fi~rtharexyarinental

the boron crofss-sectionwould obey the l/v law quite

of’m.w:zjtm

ln:hvioz-of’

fmi 0.1 klev

in.?ormtitlion

evidence i% wns felt that

accurately for nmrtrons

a large break in the

the 25 fisoion cross-oection in tho region between thermal noutrona

noutronss it was sug~osted by E. Tollor that s good deal of

could be obtained by comparing the countin~ ratss from a 25 and

a boron film when 6hieMed Qy Lnaitsbleamounts of boron. For such m experi-

ment i.%is desirable to h$.uroR source of neutrons which would gTLv@an appro-

ximately constant counting rate por unit logarithmic energy in-torvalin the

r~gion fro,mthermal anergies to mwere.1 kilovolts. It waa found, howevar,

that the calculation of tho expected spectrum fran mch a ~ource wstnTory

mnsitiw to lh amount of slcr.:ing-downmssteri$~lused m well cm tiothe

● initial energy spectrum of the neutrons from the source. However, tnking the

di.Ji’wwcos in the oounting rutms when the -amountof boron absorter is

increased the effect of tho uncertainty in the neutron spectrum

‘Me ddxail~ of thi~ experiment as carried owt will bo disouemd

separate heticiing,

&notiheroxcorimuntidoai~ncd to givo information about

ia reduoed.

under a

tho boron

oro~s-txwkion was tb comparison of the boron and 25 aross-sections in tho

rol+on where the 25 cross-section has been swdied. This experiment required
—— ._—-..._._ ___ —.. ..- ——..- .—————.—.— ~.—
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only a direct comparison of’the counting sates in the boron and 25 chambera

same flux of’Mgh one&y neutrons. The ma$riambiguity in

tho unoortainty in the absolu+xtvalues of the 25 cxoss-

TELIJ3REXPERINENT

Expcu=imcn?talArrangemmrt—-—.- -.

TM experimental arrangotientfor determining the ratio a G25$

at low onsrgieo is ohown in Fig. M- In ou%line the method io to plaoe a

boron d-particle deteotor and a 25 f’iasiondotoo+or %n the seam neutron flux,

ohtmge the minimum morgy of the nwtron6 Gtriking the detectors by placing

L3ui-kb’lo

counting

1.93 WV

that the

amuntn of boron c=rbido around the,deteotora and ob~orva tho

rates in the two deixmtars us a function of the absorber thiokness=

Noutrona wore obtainc?dfrom athiok Iithi?amtarget bombarded by

protonu from the ~hort oleutroatatic generator in N. This monnt

maximum energy of tho nwtrom emitted at 0° was about 170 km and

emitted at 90° about 25 kev. Tha average energy including neutrons

,.- . . . ... .
—-.—.

,. -—.-- –. . .. . . ... . ._ .
—--– ----—
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foils wore mounted on oppo~ito sides M tho cOmmon high vol%ago chotrode in

of aluminum (cmntor portion 3./32inoh thiok) to be certain that there WBS no

absorption and hence no difforonco in tho neutron flux on the two sidm. ‘M

incranae the intensiky n second 25 foil was placed on tha opposite oleotroda

of thn 25 chamber. ‘Me chnmbers xere oporatod with air at atmosphorio

pr’e6zmrQmd with a collecting voltage of about NIX) volt8 par cm. The doublo

ohambar was surrounded by a la~ge shield oan filled with boron oarbido, as

@mwn in Fi.g~h. TM energy-limiting ubsorbers, mdo of brass piliboxes
.

fill.oclwith boron carbidQ (B4C)8 wero fitted into tho open e~id OS the can.

‘lominimizo orrora clueto scattering; the absorbor~ were placed GO that th~ir
I

centers were at a constnntdistanco from the ionization ohemberfi. With the

oxcop%ion of one run, a cadmium

addwi. A tablo giving the data

sheet WEO left in when Ij4Cabnorboro wore

on tho absorbers used is found bslcrti~

TABLE 1. TAMM OF ABSORBERS.— —,

2 0.49 6.0 ov

4 2.00 MO. W’

. ..... . - -—L__ ~ - : .----,-

. .
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trensmito l/e of the neutrons. This energy is approximately I.tz 2512 volts,

M g j.ain glQ/&.

The cmmtinfi rates (B and F) in thciboron and tha 25 chamber were

obqerved simul%%noouely86 0.funotion of absorkwr thiokn~s$. ‘Me flux was

monitored by a boro~ carbide lined chamber placed outside ms “sl-.ownin Fig. IQ.

‘Runswore taken with tha paraffin sphere with the detectors at C)oand a’c8Go,

and with w graphite shpere at 90°. ‘&e last run with paraffin and tho detect-

ors at 80° was ,mostonrstully done. (see Fig. 4.) In this run sufficiently

many counts were observed so that statistical arrora were .veducedto about 2

percent.

Besu3fct3—.

The results M aevoral runs are given in Table 11. Tba second and

third groups ofoohmns ahowtho ratics M’boron counts (B) ark 25 coun%~ (F)

to tho monitor count (M) for oaoh absorber indioated in t.h{afirst column.

Since different monitors waw used for tho different rurm, numerical uompari.

● som Imtwtmntln B and.E’data from different runs are not possjbh. TWO runs

made at 80° arc>included to give an izidicwtionof tho conoiater..cyof the data.

‘AXE+2hirdgroup of’Golurnnsshows the boron to 25 tis~ion ratio as

a i%nction of atmorbor thi~kilo$~. As moro of the dower noutrcns are cut out

ty mccamivo additions of absorber, the B/F ratio is men to fall, showing

that the 25 fi~oion does no% follu{jthe I/v 3.&vas is expcotod oi’koron.

Tnwfxxd, the f%mter neutrons show themselves to bs relatively ~i.oreefficient

in causing 25 fiesion. A somewhat more quantitative doscripticm of this

trend i6 shown ~ tho last group of columns. Yheso givt3 tie rc.%ioscf tha

●

~mi:z

*

I
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c~Q~ An boron and 25 countscmumclby succosmiveadditionsof abaorbm.

Thus i8,p~tahwd the oi’feetof mutrom, tioo energoth $0 ~ etopped by one

i411h!”

,-..,..,,;.. ,,,.,,.,
..*-

.L. ,

,,,,. : .,

,..
,.

.ab;~f

,.,:::jmt .#t&#iid by @“next Mekar &J
,.
“’m mi’a&@j@* SuLlti”j ‘ ““

[ ... .,., ..-.;

@ven in the Tablo of Absorbers (I), om wn Qssign B/F values to VW-LOW

mutron energies. Results of euoh m nmignmont of morgy values aro shown

in Figs.3 and 4; the latter figure it: based on the run regarded m th mock

l?yafactor13 or so batweenneutron energies of mine 2 to 200 ev. C@ Ccmrm.a

this is only a mall part of the mqmolx% rise by a fkotor12 which premmbly

should take place beforo enorgios in Lite mighborhooslof severalkmiked

kilovol%a.me reached.

. .,. . ,.’..

._--—-—-. . ..-— ‘-. _..
. . . . . . . . .- ..-, .
.- _.,..:.-”-”. - --

-.. —-- -....”-

. . —
. .
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AM4?8iB Of RWSU~ts

Perhaps the results obtainei. from the rough analysis 80 far
...........+...‘ PI’S4&& ,4U that *e dhimld expeot frmn *tie relatively stiple experi-~. .:.,

L.... . ment. ..Wqu!@rk. e mmewhatmore detailed anal@@ q helpto-w~rounmnt

some of the cwitibisms which might be nmde. It is obvious %hat eaoh ‘pointin

Figs. 3 and 4 represents a resultant C3 R wido group of neutron energies.

L!orooverthe energy limits of the grovp depend on the intensitywith ~hiuh

these energies are represented in the neutron speotrum employed. One oan fiops

to remove a- of the ambiguity through some knowledge of the

in energy of the neutrons.

One my firnt attempt to corrpto the speotrum to be

the eonditiona of t.haacperimcnt. AS ci,mabtorof faot,suoh a

distribution

expeoted under

computation was

oarriod out in order to decide what ox?(.rimentalconditions to use. It iY3

dxaightforward to sh~ thnt the numlxr at neutrons in the energy range dEn

f!ror, a thiok target of Li “~tarded iv ~.rotonsis proportional to:

(1.86 MV) and 13~ thobombardment eme.~,

slowing in the lithium target. y i::k]:,:

El being its threshold value

possassed by all protons before their

yield curve of the M (p,n) reaction.

Zt was aaaumed to be the product of %%> factors; one dqending on proton

energy only and given in tho L A Handbook; the other de~nding only on e~
.

the angle of neutron emission in the csnter-of-mass system. Curves for %he

APPROVED FOR PUBLIC RELEASE
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The last factor in

energy and mwmntum

the irr%egramlis found easily

consow~ation in the reactions

En - (25/32]
C(M3 =i’

(7/32)%p ,m’ (1.86 MwfEp)

OWxn%ial integration let to tho speolmzm

:Imircns from a thick Li targo-~and with

shown as I in Fig. 9 for the

E2 =1.93 W.

the small mount of pardi’%n in-

Shown in I’iq.9. 1% reprcmenta the

be mused lqythe mutronts in a unit

~—.—— —.-. — — —— -
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w&s conputed it WR8 flw.ndto givo an absorption curve not quite as stoop as

tho oporimental one. Evidently, Uho actual neutron qmctz!um has a gren’tor

proportion of absorbable S20W nwtrono. By approximating tha abovo C?xpression

one mm that

so that in this approximation the ‘*aotivi.tytQspectrum OM bs obtained from

the boron absorption,ourw by differentiation. This not very acourate pro-

coduro yielded tha curve s“hawnin Fig. 9. I& supports tho criticimn of the

tirot computed spectrum in that it gives groster weight to the moro absorbable,

int(3rmodiate-energyneutrons. ‘Theexcess of very G1OW neutrons in the first

opcwtrum am preswmbly ontiroly stopped in the first layers of boron absorbsr

and so contribute

thMmossos. Tho

curvf3more ncwmly

nothing to the variaticn of the absorption curvo atigrmter

mm 8paotrum, & M/&, was found to lead to an absorption

in agrmnm?ntwiti~the experiment Wan did the first spsctrum.

However, uGing this new $Wctrum for.furthar analysis raprosents no esmxrtial

improvcmont on our first procadure which yioldod Figs. 3 and 4. ‘i!hoaasump-

tion~ remain tho same: ‘Mat there is a one-to-one correspondence between

nmt~”on energy and boronthioknoss a~ given bJ E s 25U. Thus the inquiry

into the Gpectra has so far netted no more than some addition!d support, for

Considorirqqthe first pro4!Mhwo fairly sensible.

--- . ..- . —. . ..-— .—
— _.. —.”,..--.—.- .-.-...— ......-—-.. .-— -—.-— —..———-..—..-.
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There rmaim anothor procoduro, independent of tho assumptions

involved in tho relation E 2s25~2, whichmay be tried. One can divide the

energy range into t.I%w intervals over each of which the ‘taotivi.ty”4. ip

ass~med to be oonskmt. The value of the constant in each interval cm ho

treated as an unkxuiwnto be evaluated by computing the cormcquent absorption

curve end fitting it to the exporimontal one. If EI and E2 aro the

energies delimiting the intarval and A12 io the constnnt “aotivity?’duo to

neutrons within it, then ita contribution to the boron counts through.

given by:

Suoh Contributions from eaoh

boron counts B at a given

)log (T$z\Et) for 1 =0

interval are to be added to obtain tho tot~l

60

The Galcu.lationwaB first carried out for three intervals. Th~

limilm of tho interval~ and the relative values of A in each, ;Yhichresulted

from fitting to the absorption ourvo of tho 80° data> aro given hero:

Intervals

0.4 (Cd limit) to 25 volts

25 volts to 400 volts

400 Voltfi‘tO10 kev

A.—

4.75

0.673

-~::ii;~——.- —-- “ -
—-———— —~ —

—2===-=2——————”—
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Tho value6 of A are plotted as a histogram in

hope to make tho hi~togram approach a continuous curve by

numtiarof intervals. One finds, humxmr, that the values

extmmly mnsiti.ve to v~riations in the absorption curve

Fig, 9. One can

increasing the

of A !MW

anclthat the sensi-

tivity mounts enormously with the number of intervals. For oxamploO rjhana

fouj;intmrval analysis was tried on tho basia of the exporimntal absorption

QWW, a nogativo A valuo was obtained in one of tho intervals. Thici

GmM be romediod by first correcting tho oxperimn%al curve on the basis of

the three-interval analyki~; no correction grea%r then tho 1-2 percent

nta~ifitioalfluctuations had to bo made. Then the four interval anslys.is

proocwdcd smoothly with the results:

Interval A

0.4 ‘to10 Voltfs 4*93

3.0tO 63 VO~tS 3.61

6$ tO 400 VO~t6 2.66

400 to 1.6 x 104 VO~t&3 o.‘,8

ThiI;i~ nlso plotted in Fig. 9 and shows grati~ing agreement with the throe-

interva2 analysis. Both indicate that the s~ctra derived in the preceding

p=rclgraphewere not very far wrong. The “doctoring” which was needed to make

thn fmdr-interval analysis give aonsible results indicates tkt the data were

incapable

G25.v in

I’/’&la~ a

of yielding more than is ob%inod with the three-interval analysis.

Tho interval analysis can ‘b~used to determine the variation of

the following way. one applies

function of g ingtead of i/M,

the abwo procoduro to the values of

the ab~orption au detected in Il.
.-.

--—______-—
.—
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!Chenin plaw of A one obtains (a2./uB)A and thus

‘25*v’ Tho throe-

26 to 400 Volta 3.3

400 to w volts 3.0

3k3quali%akiva

about a faotor

egremwrt with Figs. 3 and 4, this shows th~t C25SV rises by

fiover the thermal value in the neighborhood of 25-300 volts,
.

staying about constant to some 10 kv. There is somo indication of a decrease

in a25.v belao the thermal value between the Cd limit and 25 volts.

It should be mentioned that there may be some error introduced in

the above work due to the fact that a small part of the counts olmerved in the

boron chamber wer~ due to nitrogen. This possibility was checked at the con-

olu~ion M this mcporiment and it was found that the background count at the

biases used with the boron fib ranoved wae approximately 3/6 of the boron

counting rate. A run on this background with andwi-thout oadmium showed tb.t

this background oount was reduced in the sam ratio as in the run with the

boron wunple in. Further chccke on this point wore prevented by a Gerious

breakdmm of the oleotrostatio gencm+or, but it cou3d not ohsnge tho magni-.

.— —
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MM.PARXSON OF 625 AND OB FOR 131GHEXERGY NEUTRONS

~?erimental Arrangement

This exporimont was carriad out using the long eleotrostatie

genmator in W. Tho sourm of mutrons was again WXJ

lithium target used had a thickness suoh as to roduco

Li(p,n) reaction. ‘the

%ho energy of.’the

prO~CX’Ifiby 60

Oorrespmding

ohanbers used

km. ‘HIoaverage emm~ of the neutrons wae ixilmnas that

to p proton morgy 30 kov loss than the maximum. All detector

with high mergg neutrons were placed as elosa to the targat as

convenient (3=6 inchcts)anclwore covered with oadmium

offbeatof noattorod nm%tons.

‘Me experiment, in its simplest form, again

so as to minimizo the

oonsists of oomparing

tho counting rates of the fission~ in the 25 chamber and of the ~-particles

in a boron chamber. A direot compa~ison of’the cross-sections by simply com-

paring tho counting s?a+%oin a comparison chamber suoh as used in -theTeller

oorreetiona to be applied to tho counting rates from thick and thin boron

fllr$swe~e considered and it was found that the oorroction~ would be very

large @van for rxmatronshaving onorgies around 0.5 ?&w where the diff’eronce

&n the munting rate would bo of tho order M 50 poraent d.epondingon whether

the ~-particles oountod OSXAOout of tho foil toward or oway from the source

of .ncw’3ron6.Those corraetians are mnplioated by the fact that they depend

on the bias of thn recording instrument, and by tlm fact Wit two C/ valuea

APPROVED FOR PUBLIC RELEASE
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mmt be ccnaaider@d,one corresponding to leaving the M nucleus in an

excited state, and that counts arising from the Li rwoil mat also be con-

aidared. ‘thero% a simplification if really thin filme are used in that tho

avorsge of’the oounting rates ‘takenwith the film turned toward and away from

tho Hource gives the Gorreot value. Tho dufxi taken in this exporimont with

the thin films wero evaluated in this way.

lb) has the advantage that tho ratio Of tho

enorgiw GSn be aornpEm3d %0 that at tl’xnmlal

&y A@y plaoing the chamber i.nthe center

Tho uae of suoh a chamber (Fig.

counting ratoo observed nt high

energies (neutrons absorbed by Cd)

of a large block of paraffin. In

this way -Me ohango in the.ratio of oross-sectione f’ronthermal.anargies to

tha higher enorgiea canbe sx+mmrod dhmtly. The ratios mwmnwxi in this way

aro shown by the triangular po~nt~ in Fig. 6. lt%vm unprofitable to use this

method with neutrons having an energy greater than 0.4 I&w since tho baok-

gmund in tho chamlmr becamo important and oould not be corrected f’orwith any

$’‘he ‘atio ‘f o ’25
at higher eneegiecia

25 fission okusber were used. ‘l’heumj of a

gas chamber is particularly advantageous in that eithcm the oL-particle or

the ~i reooil from the B(n,@ZA reactio~will almost alwaya have its complete

range in tho ohamlxm and henoe insure a minimum pulse

minimum energy of the IA reooil). N’iththis chnmbor

at a point corresponding to about 1 Mev pulses and be

13(n,d) roautions’wmw counted and that there woald be

.

of about one Mev (the

one could set ths bias

ccm+ain that all the

no oonfusion due to

proton reooilfior ~thor reactions ooourring in the chamber walls which have a

low Q value. It was found that it was neceawxy to u~e a collecting voltage
--
-..
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about 4000 volt~ on a dxunbsr suoh as is 8hcWn in Fig. 5 tilled wi~h 60

BF3 in order to get a good plateau in the numbers vs biae aurves. Thcj

du-tn?mken with thi~ chamber 5s shown cm Fiq. 6 by Xts. In this and the

folbwi~ run the boron chamber and the fission uhamberwewt placed at an

anglo of 30s to tho forward direction. The data from this run seemed reliable

up to above 3 Mev but at thiftpoint there was no Iongor a reliable plateau.

A mxsond gas chamber was then constructed in sw attempt *O uae higher pressures

and higher colleoixingfictldcand so incroww ths length of tho plateau. This

chmhor ifi the ono sham in Fig. 5 and it made ponsible the use of oollbcting

mltagoe of more thw 60(N.volts when the chamber was filled with 15 cm BF3

and,60 lba (gauge) of ~peetroscopioallypure

and testing of thesechambers was done by J.

eqosod to slow nwtrons gave a satisfactory

responding to 1.S Mm pulses in the chamber.

argon. I&oh of the designing

W Blair. ‘l’hischamber when

plateau up to a bias point cor-

l’heresults obtainod with this

chembor are shown as plus signs in Fig. 6. For this run completo biasicurves

were obtained with and without lW3 in tho chamber for eaoh point, For the

highest energy point the background count amounted to about 30 parcent ab a

bias correspondingto 1 Mev pulses. However, by subtracting tho background

count satisfactory plateaus wero obtained for all points. The origin of the

bsmkground count ia not clrtarbut is presumably from the brass walls of the

chamber. It might bo pointed out that this last run should have deteoted any

appreciable amount of the BIO(n,p) raaction which from the mass values should

have a Q value of abouk 0.2 Mav. Its absenoe is in agreement with expecta-

tions that it would be only about one porccmt as probable as the (n$W) reaction.
— —._— .__. .-.:-_ -_ --

. ... . ___- .—.. -—-. —
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An indepcndont conpsrisan of borcn and Z% cross-fiootions,which

doQs not depend on tha thcwmal calibration, was made with 0.58 Mev neutrons

by fillingthe boron chamborwibh anuccurstely measured amount of BE3 and

compnring iks gyxxmtry with tha sourco and i+= countiingrato to that Of the

fisuion ample whichwns used in Mm mw$uremsnts of tho 25 cross-swtion mado

at ViigGon&in (Mg XYII-B-6$ seo ,4.(.).Hanson CR-618). ThiG moasuromant gave

a vtiluaof 1.27 barns EM indicwlxxlin Fig. 7. ‘l’hismay ba comparQd to tho

value of 1.7 bmhm for 25. ‘NM boron vduo would bo reduced to about 0.9 barns

if the manganesciflux mcasurwnonts are msumod to be corroat (see LA Handbookfi

14-11).

It might be worth pointing out that there was no ovidonce of any

decreme in tho prosauro of tho 5F3 in tho ehwnber over a period of 24 hours.

Tim roaaon for this is &lushth~ chamber containod no organic materials. It

was made with porcelain insulationsand waa soalod by lead Raskete.

Resulte of &igh Energy Comparison-m..-

Tho observed ratios of ff#a25 are shown as a function of energy

which is bnsod on the V@~U(?S
’25

s 645 and CrBS

Relative values obtained with tho g-s ckmbori; aro

1.43,at 0.29 MOT’.

J
of 6.0 for thermal energies

708 and aB1.Osc3840.

normalized ut a vulue of

Ueing tho values of the ratios from the curve in Fig. 6 and the

values of tho 25 cross-swtion given in tho curvo @vcwi in tho LA Handbook

(LA-II) wa find tho vnluos for the B~O cross-section given ink’ig. 7. The

brokon Iirw is based on an wxtrapolati,onof’the moasuremont of neutron flux

● by use of a long paraffin +xxrercd fission countws__--

:~== ——-— --.———— ...._._ .
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Tho

tho rmomnoe

mado to i’i.ta

Jqj” E curve (Fig. 8) is intermtingin that it sham clearly

in the boron cwoss-seotion at about 0.26 P&iv.An Etttempt WEe

resonancecurveto the present data and honoe get values for tiho

boron oroes-seation in the region

10wI to any rdiable conolu~ions.

The h3gh value obtained

from 1 to 150 W. But this attempt did not

for a~ at 1.6% Mev aanno% te regarded %00

..,.
------ ... ..._-- .-. ._-. ........ .

..-
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APPE?jllIX

l?XIWiS.[ONOF THE CO?P/ll?1.5(N!W THE ?ORO!!JANl?25

OF EMRGIES UP TO 3.0 MN.

Measurements of

made with neutrons having

iroiithe

Manl.eyls

FGR NMJTRONS

and 25 have beenthe relative cross-sections of boron

enargies up to 3.0 Xcv. The higher energy neutrons

D.-Dsource were made available for this purpose by the cooperation of

group(P-3).

For this work the “wren trifluoride chamber (Fig. 5) was linedwith

5 mil gold foil. l.knlcylsgroup had previously found that gold was effective

in reducing the background count due to fast neutron reactions in the chamber

wells. Tha chamber was filled to a pressure of 21 lbs. (gauge) of BF3 which

gave a very high sensitivity and would make any remainingbackgroundrelatively

smaU. A very satisfactoryplateauin the numberof countsvs bias curvewas

obtainedwith thermalneutronswith a collectingvoltageof 8000volts. The

p:Lateausobtainedwith high energyneutronsappearedapproxhatelyat the biasea

where they yi~re expectedbut were not nearlyas well defined. Thiswas due to

the fact that the chamberwas more ,ticrophonicthan it had been in the experi-

mentsreportedaboveand the effectivenoiselevelwas quite highwhen it was

ti~kenintothe generatorrooms. Alsowith the high energyneutronsthe diredt

boronrecoilsraisethe minimumbias at which a plateaucouldbe observed. The

plateaus,however,were sufficientlydistinctto definethe numberof boron

disintegrationsto betterthan10 percent. Probablestatisticalerrorswero in

every measurement less than 3 percent so that the

i.nterpretetionof the bies curve.

The fissiondetectorused containedtwo

biggestnmertai.ntyis

foils,each ccrryinga

of’about1 milligramof materialwhichcontainedabout72 percentof 25.

in the

deposit
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~Or~CCt,i.OIISVJQrcMtje for the number of ~~~tsd~= t~zse he correction ~~ed

tit the 1.55 Nev pointwqs 6 percentwhilethe correctionsat the higherenergy

pointsivereall takenas 10 percent.

?Jeasurementswiththe detector

neutronenergies. Pointsatl.08, 1.55,

describedabovewere taken at five

and 2.0 Mev were taken using neutrons

$3?orn tine Li (p,n) reaction supplied by the long elcctrostakic generator in ‘N.

The counting rates were taken with the boron and 25 chambers in the forward

direction at distances of,s and 2.5 inches from the target respectively. Both

detectorswere cadmiumshielded. The same distances were used

were movedto the D-D source. Measurementsat 2.5 and the 3.0

takingobservationsat 90° and 30° to the direction of the 200

bwm incident on a thick heavy ice target.
.

when the detectors

Mev were made by

Kev deuteron

The resultsof the comparisonsare shownin I’i.gure10. The velue

of the ratioof the countingratesat 1.08MN was used to normal..izathe ratios

to that obtainedpreviously(Fig. 6). It dan be seenfrom l?igure

ratio CT=~~
B 25

has a very broadmaximumat about2.0 Mev but this

be calleda simpleresonance. TM extensionof the &B curve was

the 25 cross-sectionis not knownaccuratelyin this region. The

10 that tino

couldhardly

not made since

ratioplot

givesthe appearanceof ~B on the usualassumptionthat~25 mmins constant

(L 6 ~arns)in thieregion. It waa also not consideredworthshih to extend

the rB#’%_ curvesincethis quantityhas no directinterpretationat these

h:lghenergies.
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