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oi’ -kh~se imris’~remwnts< indi.cat;e.,tha~~thti ratio 6f(25)~&~( 25)”’”.is curi&&-n~~v’;~!

,“ .,.:,‘,.,,:.’.’::,,’ , ,,.,;,. ,’...’:t .......,,,.,’-,,,. ,’...!,,’ ‘..,,,.. .;,.,,:X
-towithin lClpercent in the r.an~oJ&.xtendin~ f~om’ 00025,’to’about ‘~-:’bv~

!,.“.
““’&2.@f;~<, “*.,.,MJ

,..’ .- ,.>,,., ,.,-.-:, :“,,’,>. ,,::,:\.k,;l‘, ,,”
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and 4~8 0V9 two resmanoes arb, found in absorption whioh km not ‘foiki’in’ .,”..:..-
,y..,

.,, .. “!., ‘,. ,
,,, .-.,, ~ 1 .“. ~“”’.fi”’,..

fiSsion.o These unresolv~d resonances.:show’cross sectiohs o~”.’approxi+te’lj10 ;“:””!,,, .,,,. ,. .,,!,‘“,7, .,,,.’” ;’”’+.,,,, .,.’.,~’,. ....,,.;

and 37 barns rtispectively~’
,,..,,;1,

Because -of th~’-pos$ib~lity”’~hu~.-khe,s~,,rbsoqari.c:ps,,~~y” ‘
., ,,,/,’... ~,.,.,,.,. . ,, ‘,.,’ ,,, .,.,, ,,>,”:.\,I,,,.,”, ,,, , .,,.,, ,,,,

k due to 24 impurity in’the”enriched’sarnp:les;$itis’-”not possib!d,j~o’’~ss+~,’”kq’~~..,
,’~.. .-,!, “., ,. . :., ,. ...”..,..,.

-,. ,!,. >.
absorption doilni%aly to th,e25 isotope.

,,?!
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the rati,o o~(25)/6a(25j is asqm~i~lly the same S,S -@at b&low 2,p’vJ Xn,~-~j
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rlml.ces~
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1,’. ,,

onier to’corroot for the,Za whiuh was prepe”rit,in tho sampless the ltrEuIwni;.6iQ~, :
. ..,

,,. ,.,. ..$.,
of samples,of q.ormaluranium was.also mmsurud:-) ~Resonances .Gt 6769 2~0 and ?8 ,.“,,
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FURTHER MWIS.JREMKNTS OF THE——

FISSION AND /LBSOR?TION CROSS S3CTIONS 0~ 25 BELOW 1000 EV

INTRODUCTION

1.2)
Earlier measurements of the ilssion cross section of 25 have

proved the existence of neutron resonance levels in f’ission~ Investigation

of the widths of these levels led to the discovery OL’absorption in 25 without

fj,~sionL It has been shown that tho rati.o~(25) of the cross section for C&~J=

turo without fission fir~25)to the fission Gross section 6f(25) is about

0,,163)for thermal nwtrons~ Since the variation of this ratio as a

oi’energy is of very great hnportxmce,l especially at high ener~yc it

that Mowlodgu of its behavior even at low energy is of mnsiderable

I_’unction

Wa& felt

Vlalua .

The experiment desoribed in this report was designed to obt.aiu information

about such a variation as well as ‘coverify the results of the previous fissioa

measur~mentso and if possible to improvo upon them,,

The oxporiment using the tims-of=flight m~thod oonsists essentially

of two parts< The first pssrtto be co~giderad is the remwunu”mnenk of tho

fission cross section in the range from 0.:.01to 1000 GV,,.The othor part con~.
/

sists of an absorption measurement on smnplos of beta~,~taga 25 matoria]. in the

, range extending from 0(101to 200 ev:, From tineabsorption mess’uromeutsfitha

total.absorption cross section

cross seation is thcm aomparod

oross seotion:

●

is

to

computwi.ci The vax-iation of this computed

the variation which is observed in We,ilssicm

J,

1} Anderson:, hvatel.ii,, MW_anielfi %tton M=-82
,2) Boil,ey,,Hanson,. .Konopinski9 M-46 UNCLASSIFIED
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the fission cross section hav~ been describedin rof’erence (l). The cyclotron

arc is inodulatod to produce b~rsts of fo.stmutroas titthe target,-, Thb neutrons

are then slow~d dow”min a hydro~enous l’sourcor’and pass down a parai”fin and

boron-carbid~ collimator to the detector which has the form of an ionization

Ct13Klt)t3i”d!t’hepulses i’ronLthe detector are passed to an amplifier ‘which is modu=

lateclso that tho time distribution of the pulses occurrin~ in tho ionization

chamber can be observed,. Since the measured tirnsof flight for a neutron to

pass from the souroe to the detector is k function of the energy,, the time

distribution of pulses in the ionization chamber is a function of tha sensitivity

a of’the detector for neutrons of’various energies &nd of the anorgy distribution

.
of the neutron baam~ By comparing the distribution or counts in a 25 ch~mbor to

4)to be proportional
.

●, ,
that of R B?3 detectorg whoso energy son.sitivity is.known

to l/vO the relative energy sensitivity of the 25 and boron ch~mber~ ~Bn b.e
?

detc3r:!lind~and thus the ratio &f[25)/Ja(B) within a Constan-b:,

For absorption mea.surernents,it is simply necessary to take the ratio

of tho number of counts received in a :;iven tirne=of-1’lighiinterval with no

absorber~ to the number of counts in the same interval wik the absorber between

the detector and source., ThG integrated beam intensity is made tho same for

tho two run6(, This ratio y%elds the transmission of the absorber as tifunotion

of energy. From this the cross section is readily detorminad,, A detailed

5)
summary of the.tochniqu~s is given in canearlier report ~

.

IU tho thermal ran~o, the hydrogonous source which was usad consisted

\

— /
●

✎✎

-_. _.., .
-—-—-. _
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oi’t~flat tank which contained ‘B O in a walxw solution
23

of 7 @ per liter.,,l’hiswas used to reduce tho them~l

.

.,. .

in the concentration

mean life of tha source,

‘he region im-nediritclyabove the thermal re~im was st~died using a 11203ah-.

sorber of about 2.5 g/cm
2.

~n addition

number of very=low-ener~y neutrons in

repetition rate,, In. the region about

0,.OGOinches of cadmiurito permit the

~ISSX~N,,qiPRxI!izIJT

to the water tank in order to raauce tho
.

the betix to permit the use of a higher

1 ev. the dotmctors woro coverod with

uso of -astill hi~hor repetition rate.

Tho fission moasuroments were made with a three-dock ionization

chamber which is shown in Fig. la. The combination consists o? three adjacent

coaxikil sectionsC The axis of the combination is placed in the direction o?

the incident beam<. ‘1’hcfront and rear sections oi’the chnmber contuin foils

coated with beta-sta~e 25 in (3E$;concentration and deposited as oxide in thick=

ness o.f1016 mg/cm2c The two sections are connected to~ether electrically to

compose the 25 detector. The center section is a EF~ parallel-’plate d&tector:,

The chamber was dosignod in this way for the followin~ reasons., By using

adjacent ch+Ambers in this mannerU except for certain very small s~cond-order

Gorrectionsj the average neat.ron spectrum seer.by tha 25 detector und by the
,’ \

boron detector is the smneg even thou~h there may be some absorption in the

foils or in the windows

by-point comparisons of

that the centers of the

separating the sectionsc. In adtiitiano to make point.

the counting rates in tho two chambersO it is essential

two detactors he at the same place< By placin< the

.
two sectiorisof the 25 detector symmetrically about the center of the boron

detuctor, it is not necessary to move the ahs.mberbetween the boron and 25
.

runs, In the thornml-en.prgy re~ion~, there is som~ absorption in the BF3 chambe::. .

UNCLASSIFIED --.--~_:. .—.,—.=______._—-
.
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. rindwindows whioh wei:hts the flwnt sect-ionG little rook% heavily than the

●

.

.

correction is very smal10 being not ~reater than 0.,1percent of tinedistanc~

of i’light.’

. The 25 sections of the chamber were filled with tirgonat atmospheric

pressures ~nndthe BT”’3section was i’illedwith tank gas at tho same pressure<,
‘.

Electron collection was used Qnd the amplifier had a,1,5~sec clipping tiaa<

Th@ method of taking measureirterits is the following. Thq value of C,

the number of counts in G :$ivontime~of=i’li:ht intervtiljEnd tho value of TO

tha total numbar of’countsdue to neutrons of Lll cner~ios” are recorded,, .+’0r

either 25 or bor’on$tho ratio C,/Tis independent of’discriminator bi~s setting

(whichaffectsall chtinnels equally) and of the ~eomotry of’the chamber. ?or a

given neutron spectrum~ this ratio is proportional to tho prod~~ctof the cross

svction and the fractional neutron ilux in the time=of~?li~ht interval as was

shown in M=W. In order to eliminate the fractional neutron f~uxL the ratio

R s (C/T)25/(C/T)B
.

is calculated, This ratio is proportional to the ratio of the cross sectionsU

in the given interval, with a const~nt of’praportiona.lity which depends on the

shape of the spectrum. Because of this dependence on the shape of the spectrum.

great care was exercised to prevent undesired ch&nSe6 in the source and de=

toctor geonetry during the oourse of the experiment. When changes wore made in

the source geometry it was necessary to measure the relative chan~as in the

total counting rates of the two chambers to permit the data taken with one

geometry to be ~ompared with those taken r~ithanotherl )c The exporimentql co;=

ditiorisand the sequence of tho runs were so chosen that only two such changes

and nor~lizations “weren6ccssary~ In ordor to determine the absolute cross

.-.-
-.—.,,.......,,
-.-----—--.-.....__.;.-.

.
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section from these merisurcm:ents~ it is nocessciry t~ doterminfs tho absolute

cross section 07 25 at one point. By adjusting -thearbitrary consixmt in the

rein.tive cross section to brin:~ akout agreement at this point. and utilizing

the knowled~e that boron follaws the l/v la;’.the cross section at all othr3r

rei’eronco is 0,025 ov (or neutron velocity z 2200 m/see, wicich is about the

same) ?or which such absolute=cross=seation measurements h~ve been rnadQ6),,

For tha sake of comparing the fission data with the absorption data

for 25, instead of obtuinin~ the absolute vnlue of the crosc section for Ifission
●

6f(25}v in the fi~ure, was arbitrarily ndjustaa to make it numerically equal

to the value of ~a(25)v obtained f’romthe absorption maasurerncnts ut 0,-025 ev,,

‘Theexperimenttil conditions under which the various runs were madt?uro gi.vem

in Table I and the resulte o.~the meesuremonts are ~iven in l’igs(Z,j3,7and 40

The mes.surements under different experimental conditions have been noqmalizod

to each other to permit comparison and then multiplied by a factor bring about

coincidence with the absorption vtilIuQat 0.025 @v,; The coordinates used in

the fi~uras are crvin barns meters/@ec a~aknst time of fli~ht in jAsec/m<:

In Fig. 1(15these results are combined in cIJrve (i”): with the
,-

logarithm of time of flight as abscissa, in curve (f) of ?i~, 153 the same
)1

results are plottedOthis time with the lo~arithm of the enar~y as abscissa., IL

.,~..M, the results of the fission experiment are compared with the earlierF’i-n

values report~d in rei’crence (1), In 1’i&,,17 curve (f)s the absolute fission

oross section of 25P is shown as a function of 10G energy> using the value

6f{25) equal to 542 barns at ,,025ov6),,

t
— ●

. -... .... .-. !——

—.— —
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ABSORPTION U!!ASL7{EMENTS——.

For tho absorption measuremsntsj a BF3 detector:, 20 cm long and

6 cm in diametqrj wns used~ in addition, a secondary col.linu~torWQS placed

immediately around tinedetsctor tLsshown in YIJ> lb so that onlyneutrons which

went throu~h the absorbor cov.ldrkach the detector,, Thcjabsorbors wara placed ‘

at the f.rantend of the collimator A total of 5 different absorbers were used

in various combinations, Two of these were composed o? uranium tetrafluoricb~

while the other three were of the rrletal,,These absorbers were composod of

enriched

addition

isotopic.

material of concentration approximately 64 percent 25 by weight, In

‘tothese absorbers of enriched mataria10 five samples of the normal

mixture of uranium were uqad which corresponded approximately in

weight to the enriched samples. Table II gives the wei~ht and identification

-, 7]for the absorbers ~ Table I gives the experimental conditions under which

tho various combinations of the absorbers were measurodo The results of the

transmission measurements are shown in Figs,>5,s6$ 7~ pa 90 10J where trans=

mission vs time of fli~ht is plotted. Tha usual back~round corrections for

the unmodulated beam h~ve been ,made~ The recyclin~ back~round was essentially

zero,,

From these tr~n~~issi~n

capture Gross section of 25~. one

neasurements~ it is desirable to compute the

method for

for the measurements taken with ~ho fluoride

,,5ev9 while a slightly differcmt method was

hi~h~r ~ner~y with the ‘metal s~mple,

computing this quantity was used

sample in the region from

usad for the measurements

>01 .t?

at

.
.

7) The samples aro contained in ~luminum CUPSO: The faces of the cuPs were
0,,030 i~ches thick. .Aluminum blanks were supplied” for the ‘*noabsorber”

-.. . ..-.—-- .
-—

~--___ . . ...-
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For -Iilemeasurements with the i“luorid<~sample

was used?

tho following method

Def_ine

am(x) = absorption cross section of isotope (x)

65(X) = scatterin: c~oss section of isotope (x)

Cqx) = total Oross section of isotope {x)
.-

’25~ “26
=e.toms/cm2 of25 and 2% resp~otively in enriohed samplb

.,>, /2=atoins om
’25” ??;

of 25 and 28 respectively in normal sample

The transmission of the enriched sdmple is

T
..,CL

=Ci

and for the ‘normal. sample

4U=rt(25)n2g + 6t(28)n2& 4- K-t(’j’) (n2’~+n2&)

The wei.@t of the samples were chosen so that

This ambles us to eliminate the terms containing ,d.L(F)by sl~btractin~ the

—
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If we assume that 6a(28) varies as l/v in the thermal regions then since

da(28) = 206 barns8) at 0~025 m or Z =457flscmD

where Z is tima of flight infiseo/meter~ Also if one assumes cr~(25)s 63(28)

(for laok of better knowledge) then

It ia desirable to use this method ainae it’ommls out the effect of the
*

scattering of the fluoride. It is, of course. possible to use this method

only in regions in kfnichaa(28) is well known. 13eoausepf this faot, for the
\ \

higher-snergy measurements where aa(28) has resonamms, another method was

used. In addition, since metal samples were used for the higher-energ~

measurements, the canoellaticm of the scatteringwas not as important.

By this method We have

.=&
T=e .

where

again

T’1~ *’ti

a

a

.... . .,_. .,, . -——
.,,...-.

—. ,, ,., ,, ,.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



In this case we may elimhato CTt(28)and find

CL- (n28/n28p“
6t(25) =

‘25‘“-‘2:(%8/%;)

1

Since the concentration of 25 in the enriahed sample ie about 0,,64

, Sog to a hi~h,degree of

,
then

- (oO07/’c64)“ (1 = .64) U25Z,3004n25

accuracy

Sinoe

/

crt(26)= 6Q(25) + 6$25)

then ,

$(26) =
,[ 1d-[n28/n2$)~’ /(~996 x ~5)’c- K~(25)

It is seen that to obtain 6a(25)~ it it3neoessary to inmrt the value

of %(25), One must again assume that the scattering of 25 is equal to that of

28 for la~k of better information, It is unlikely that the oorreot value for

.

6’D(25)is different from this’by more than one or two barneo An error of! 1

barn in the oross seotion results in an error of less than one percent up to
1

0,,5evp and the maximum error ~s less than 5 peroent in the ‘entireregion which

wns investigated except at cpe point nwir 5 ev~ vnher~an error of one barn in

APPROVED FOR PUBLIC RELEASE
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scattmringo the value of 6~(28) umd was ddxumM&l in the following manner.

In @e region from 104 to 4 OvO the oapture cross section of’25 is quite low

and thero are no reso-nanoesin 28 in this neighborhood o: IMIQWC From tho

transm~ssiopmeasurements h this region onthe thick normal samples$ the

total rsrosgseotion ma detcmnined~ TMs cross section i~ composed primwily

of the s~a-ttaring of 280 In addition to thisj there is the absorption cross

seotion of 28 and also a small amount due to absorption in 25< The thermal,

e)cross seotion of 28 absorption is ~G6 harm ,.

Booauee of the absents of 28 resorumces in this neighborhood the

cross section Ga(28) is assurmd to vary as l/v up to 5 evo Thus the oroes

seution for absorption in 28 would he about 0,:26barns. From tinemeasured

values of’ 6a(25) in thio regionO its contribution to dt(28) wil~ bo about

0,,11barn= The,m~asured value for the total cross ssction o.f28 here is 9,6

barns, Subtracting off tho oo~tribution due to ab.sor@ion3 we fi,dda sca’t-ter-
.

ing oross seoticinof 9.2 barns,, This-is somewhat higher than the VdUf3S 8.5

9)‘repor-kodreceutly ‘byI%m,i {, This difference llWybe due t~

or to the failure of 28 to follow the I/v law. The value!of

by extrapolation from the work of Rainwater and &vens is in

The value of 9.2 barn~ was used for the ~oat”kering

25 and inserted & the above formula to determiilethe absorptiou”cros~ smtion

of 25. For oonvefiienceof plotting Wnerosultss the value of dav was obtained
/

by dividing the oross section by the tim of f’light, Tho computed values for

\

.,
.

9) Chi@gw I?eportfor Month Ending !+gust26@ 1944 CP 2{381
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ni.~ih ‘th fission

Among the important features of the CUrVQS are the fol.low-j-ng,, up to

a’oout2 ev the shape of ‘tiefission curve is the same as that obM.ned from the

absorption measurements within tha experiinontalerrors of the mousureuants~,

This includes the region of the two resonances at 0028 and 1~0 ev~ In the

region from 0,,025to Cl~lev tho value of GaV decreases with increasing energy::.

l)U At‘Gheslope corresponds roughly to that found in the earlier mmsu:ements

about 2 ev there ocours a SUEII resonance in absorption whioh is not pro8ent

aqual,, They ramai.n oswntimlly the same through the resonanoe oocurring in

both fission ancl .Sbsorptionat about 3,,3em and up to about 4 OV,, At 4~0 w

The presence of rosorwince~ in 6B(2H) ut 6oS$ at 21 and at 38 ev

r issue even more beoause of the dj.fficultyin oorreotifig for the
.

the 28 in the enriohed sampl~s~

., The ef:fectwof finite resolution on tho oross-sectim

absorption of

meaauroments

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



,
.

- 14 ‘~

-%%which tinewidth of’the resouance is much, smaller than the resolution w~ “ * the:,~

both in absorption and in fission, tho rmasured cross section at resonsnce will

be smaller than the real cross section. Tlnisis due to the fact that the,me~.suro

ment at resonance is actual,lyan avcu-ageover the rC3SOlLlt~On width. h thb

fission measur4montsP this avera~e is taken over the cross-section funationj

while in absorption this avera:e is t-akano~er the transmission function. and

from this the cross section is computed. Because thes~ avareges tiranot mado

in the same manner the effect of the resolution 5.sdifferent for tho two. The

effeot is ~;reaterfor the absorption measurements with the result that if the ,

sanm resonance oross section is to be neasnrod both for fission and absorption~

the vulue obtained from the absorption measuremcmt will bo still less than tha.
b

value obtained from fissj.on~.(An extremo example of th..sis the case in which

the rosontinceis very stron~ and very narrow compared to the re801ation,, The

observed fission rcsonanca will be very strong because the linear average over

.- the sensitivity function is taken. Howsver, the absorption resonance which is

observod will be
\

of a nmrrow line

sensitive to the

weak because the observed absorption at resonanco is a smear

which cannot go below zero transmission and is IAiusvery ~.n-

maximum cross section{)) Thus in regions where there are only

25 resonances, the 25 resonances which are observed in absorption should appear

relatively weaker thm they appmr when jneasur~din -f’ission~

A closely related resolution affect cmhibits itstilfin regions where

● only 28 resonances oocuro In the absorption neasurementso since the cross

sactian is o-ctainpd from the average of the resolution function over the trens--

.
mission (an exponential funoti.onof 6n) the value obtained for the oross

section depends on the thickness of tho Rbsorber[, This d~pendenae is such that

the thicker the absorber$ the sr.allerthe value of the cross section which is

obtciincd,..Since tineenriohed samples of 25 contain a considerable amount of 28~:
,,

—. .,
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b- wcmM probably “b forced,to ussi~n -thento 250 but since thcjyare very W8QIC
*

for resonances in 25, the assi~nment is quite difficult. One metiod whioh

might be usad to clarify the situation is to observe the transmission of ab=

sorbars of 25 ilavingdifferent amounts of 24 of them. A fifty percent diffe,r

in tho k3L2gtI from 0,,01to 2 cm tho va.luc

with co,aprirabler@so].ution

the 0~28-ev resonanoe’~ It

examine this resonanocawas

the work was ropaat~dwlih

in transmission Ono of these is in the vicinity of

was thought the ~~arS~ resolution whioh was used to

not adequate to rssolve completely the resonance,$so

width as maa~umd,. The vid’k.h

only in-fission m-!l$that
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when GOnSidal-adon a tim~,-o~-=fli$htplot. ‘!fhisresolution funotion extends

this value tkm as 2080 ~ -J],,,

111

653 f16 bamso This is to bc oompared with the value of 640 found by Fermi10)

1)and our value of 650 publishe~.earlier C,
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TABLJ2I

(h-time
/4s00

—..—

200

200

100

50

20

20

Frecy.mmy
Cpzs

100

100

200

200

10(?0

I(-)OO ,

F
1.3

10

10

10

ncwa

3000

1002

.-.

Soura9

Tank

Tank

Tank and
Tray

‘T(MzIcand
Tray

tank and
cd

Tank and
cd

ncludod.

Tank and
Cd

Tank and
Cd

Yank and
Cd

by ab,gorber idexltifioation number.

All distinues of fli~ht 7.6 metera~

-..
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TABLE 11

Weight-
&ms

25.1694
fluoride

47.>1
meta 1

61,4
meta1

152:.,6
netal

——

ns of 2!
3r Sq Ci

r.>389

s>O042

1.870

,,0212

4077

,,052‘7

,796

,.!0086

11..’aa

.128

:ms of 28
per sq cm

.222

0595

1006

3,.$00

2.71

7...43

:>434

6,,49

. .--

ELtOmS Of’ 25
per aq am

—.

1..005X1(P

CO1O9

4.82

..055

2.3

01361

2,05

,:,0222

,,540 ~loa<

1.515

2*7O -

7<)65

6>91

.3.9

?.,-107

3.3%

~(jD8

&507

(.

..-
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