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A

+25)/G(B)

ABSTRACT

moasurment has been made of ths variation of the ratio

for neutrons of energy from 0.01 ev to 2000Qv. The noutrcm

energy wa8 moaaured by tho tism of flight m8thod.

charaoteristio of the variation iB the t?.ppcaranoe

fiesion cro8s section. With tho resolution used,

‘l’homost striking

of rosonancmo in the

several narrow resonanoos

betwean therm~l cmergiek and about 10 cv were obmm’’’od. Botwoen 30 and

MOO ov thoro appeared large variations in the croos section many volts

wide whioh probably consist of groups of unresolved rcBonenceu. The only

resonanco reeol~od wao ona at 0.25 ev, who8e width is of the order of 0.2

Qv. The raaonanoee at 1.0, 3.3, and 9.5 OV, though not completely resolved,

are fairly n6trrow,of tho ordor of a volt or 60 d most. From 0.01 ev to

2 cm, the average value of the ratio crf(25)/&(B)docreasos by a factor of

taboutfour. Won 5 ev to !50@v it rises by about a factor of 20 and dooa

not ffillagain for at loa8t a thousand e-r. If boron follows the l/v lag

for the (n -d) procem up to 1000 m, then cr’f(25)increases by about ~D7

in going from 0.025 ev to 2000 e?r. \

A transmission moamiroment for 25 has alao been made for neutrons

in the enerfiyinterval from 0.01 to 1 ev,. The 25 total absorption oroos

aectian shows bhs same general characberie%ios M the fission crons section.

The ratio of total absorption cross s?mtion to the Meoion cross seation

apparently incremsos rather rapidly with incroaoinq energy of the neutrons.

BQGauso of o%rtain cohsideratione relating to expsrizsentaloonditiozm,
*

ie not concluaivo that this obeerved increase is real. ‘j!heabsorption

mwtion at O.(H5 w was moaeured to bs 650 ~ 36 barns.

it

Cross

.
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F’ISSIONCROSS SECTION OF 25 FOR 0.03 ‘TO1000 EV. NEUTRONS

FX3S’IONCROSS SECTION OF 25

H?TRODWfIOP#—.-

‘fhisoxporiuent is a study by the timo of
.

ratio of the fiosion cross section of 25,
11
o’f(25),

of boron, u(B), in the energy rogioa oxtx.wxiingfrom

Absorption.mcxwuremonts.at Chicago1) givo

i’orth~ ?abaorptioncross zmction of 25 M a neutron

flight method of t@

to the G*.cross section

0.01 to 1000 ev.

a vfiluoof 645 barrio

velocity of 2200 m/seo

Or O.bOU’b0.025 eve Moawrements at Yiisconsin2~show that tho fission cross

0.15 and 0.S l!kvthe cross section varies approximately RS I/v. The value

in this region ie about Ixzelvetimes the value obtained by e l/v extrapol-

ation of the cross e@otion a~ thermal energies.

3] hRs studied +25&%(B) bet-The group diroctod by J. Ii.William

weon 1.5 ev and 400 ev by a boron absorption method. They found that this ra%ia

inoroasm by a factor of 3.3 i’rom2 ev to 200 OV. The work dssoribod in

this report we.sundortnk@n to verify those moasurcmonts by an independent

method with considerably bettor resolution.
.

1) CP-20W3

2) cF-618

$) LA-46
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A.wARATt3s

Tli~oyalo%ron W8S used Qs tl’mprimsry neutron source. Mydro-

$y!nouffmaterial was used to reduco tho energy of!as many of them neutrons

M possible to thm region below 1000 @v. A slow neutron velooity 6pootxo-

mtxw wm used to aekk neutrons of the desired energy. A 25 fission

chmbor and two Bg’ chambers vroroused as dotcotors.
3

??hevelocity spectrometer km been describ6d in earlier pu;)-

~iBh*d ~ikomture4,5,6) mxaopt t’oraone ainur modifications. As in tho

cfiaawith the earlier exporimats with this equipment, menoutiamen-tsworo

made of the time lag between tno time tho arc was turned on in the oyolotron

and the tima of production of neutrons at the target. Xt wna found thak

the doe voltage, on the radial position @ the target, and on the tuning

of the cyclotron. Sinco it was difficult to hold conditions sufficiently

s%andy to keep the timo lag constant to within 1 +oec, a tracking circui%

ing tho timo at which the arc was modulated, 80 that the timo lag wau oom-

ponoatad.

.
—-

4) B. D. MMmiol, Absorption of Slow Neutrons by InGium, PM. Thesis
Cornell Univcu=itiy,1943

5) C. 3?*Baker, 13.l).?4cIhiniul,M. G. I!ollowayand Il.l?.Rather, ‘M* ‘lkms-
nimi.on of Thick Gdnium. CPOXX5, 19$2

and ?Whnid. “Experimn%s with a Slow Wutron Velocity
(3+5

.
--- - – -“
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‘loprevent nwtrona other than thoso originating at tho source

from arriyhg ut the detector, a 12 inch I.D. collimator was used. ‘fhis

oollirrintoruonnisted of a cylinder of B C having n thickness of 2.3 gn#om2
4

inside a aylindor of paraffin 5 cm thick. tie end of thi8 was plscod ao

nom aa po~siblo to tb internal probe of tho cyclotron, and tk~ O1OW nautron

uourco was placed at tho sam end. Zho detmctor ~as put in tho collimator

J
oourcos wero uaod.

flight distribution

is nhovn in Fig. 1,

On@was a deb 02 paraffin 5 cm thick. ‘i?ho%imo of

of’nsutrcxm f’ro~Lhis source doteoted in a BF3 chamber

curve [a), This distribution will heraai’torbe denoted

es tho W speoixum.
3

Them

that tho steep alopo in the
i

e.nyerrors in timing and in

tiooonddhadvantcge is that

i8 of the ordar of NOflsec

are two disadvan%agos to this sourco. One ia

region of a few tenths of Q volt accentudma

the positions of the Gouree or detector. Tho

%ho man life of thmmd neutrons in the aourco

GO that tha resolution iG badly dia%orted when

working in the thermal region mt ~hort distanoca.

To overoorn$3thoso diaadvan+xges, a souroe WSMused which consisted

0S a 5 cm thick tank containing a ~olution of 7 gm of B203 per liter of’

wo.ter. Sn cddition, on the side Of the tank next to tha detcator a B&$

absorber, approxixatoly .1 &cmz thick, was placed. The boron in the tank

roduuod tho man life to nbout 50 fim?o, while the berm abaor.berou%aida

the tank r~duced the Might

Eourco itsdoom by Cmrve (b:

Of tho thmximl ~ak. The RF3 upectrum for this
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low enargy tail of the distribution function does not qtend to as groat a

time M flightias it does in tha ease of the normal paraffin source. Th$.a

perraitstho uGe of’a hiRher repetition fraquoncy when tha boron source is

being wed since it i8 not nocossary to wait as lcm~ for most of tho low

onorgy neutrons to got by tha detector before repeating the cycle.

In ordm to inrostigato the region above 1 OV, it was desirable

.furthorto increase tho repetition rate. Thio was accomplished by placing

2 of Cd bet-mom the psraffin twurco and the detactor. Curve (c)Q*9 ~ per cm

of I’ig.3.@wwi3 the roaulting Gpectrum. Zt is men that tho Cd absorbs

practically all neutrons with a time of flight groatcu-than about MO fisec/m

allowing the UGQ OF a much higher repetition

pomiblo.

For the region around 1000 w, the

rate than would otherwise be

U8e Of a 0.65 p+nz i34C

aboorbor with the paraffin source + Cd permitted the use of a repetition

frequency two and one half MwJs grwater than that which would be po88iblo

without it. l!hethickness of the slming down material for tho above (ies-

cmibod souroeu was determined experimentally to givo tho maximum number of

noutron8 in the region below 1000 W.

One of the dotec%or~ was a H’3 ionization chcmbar. This chombor

of an outside cylindar, 6.2S cm in diameter, and m axial rod, 1.5 m

both @t about scrmntxmn hundred volts negative to ground. Coaxial

wi%h thio aB5cviMy, and insulated froxait was n cylinflricalcollector as~embly

mods up of mvon rode plscc?don a oirole of 4 om diamoixm. The end through

whioh the noutrono entered was clcxmd by .adural (24ST) CNPS 3/32 inch thiok.

● ‘:”~ .-.—— ---———.—-.--- -
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Tho chamber two filled with BF3 at atmospheric

length of abau+s,20cm. This chamber contatned

par cent absorption for therml neutrons. The

pressure and had a useful

enought boron to h~ve a 30

result oi’this absorption

3.8that the chcimberis lesn senaitivo ko low energy neutrons than it should

be. At 0.02S @v tha off’oc’twas ccakulated to be 15 pm cont. As a check

on this effect, a tmocmd BF3 ahamber waD u~ed. The dimensions, except for

kho len@h$ wore the 8amw as for tho one doncribod abwe. This “thin

chamber” had an aative length of 13 en, snd contained abGut 1./5atmosphere

of BF and 4/S alxno~phereof argon.
3

!chocalculated decremo in the sensi-

tivity at 0.025 ev is 2.5 par con-tfor this chamber. Comp8r’isonof the

spectra swmured by the two chamlxznmindicated that tho calculated curreat$.m

fac%or wao in good egmmnefit wikh tho oxporimental mmlts. Electron

collection wao u8ed in both clxwnbors,with a collection time of tti order of

1 ).#xx3.

Th~ 25

and 30 cm long.

chsmbsr was enclosed by a copper oylinder 25 om in diametep

Tho cover over tha front end was a plate of 3/32 inch dural.

The electrode assembly consisted of 14 aluminum foils, 0.0008 inohes thiok~

20.5 om in diameter, mounted on ciraular rings nnd arranged parallel to the

faco of the chamber, noparated by 1.cm. Alternate platea wero oonnectod

oloctrically, OXM+sot ~srved as collector, tho other as the high voltago

electrode, maintained.at 400 volts negative with rospact to ground. The

sM31 of tho Ghamlxw was grounded. Enriched uranium oxide, for which tho

ratio of 25 to

%0 a thick;ess

uranium in tho

28 was about 1 to 8, wtis~pr~yod onto each side of tho foi18

of 1 mg por cd’ of’urantum. !Nmro wma e total oX 7.?4 gm 02

chamber, ofwhioh about 0.&3 qmwaa 25. Tho ohamber waa filled

APPROVED FOR PUBLIC RELEASE
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with argon at atmospheric pressure. Electron cW.eoti.on was a160 used in

this chamber with a collection time of’the order cd?1 fisec.

None of the chambers had a plateau, but, since the memureaents

PROCEDURE

The method of taking measurements is

a specified energ,yrange to

had no effect on the results.

dtX3C~ib6Yibf3~OWoThe ~~

chmber was plaoed in the collimator at a certain distance from the source.

The delays in time between the production of the neutron ‘burstand the various

deteotor aensitiyity intervals were adjusted to correspond ~ the neutron

times of flight to be ixnnmtigs.ted. Th8 n,umberof counts, C, in each of the

sensitive intervalBo and the total

was repeated For the 3F chsmber.
3

for the times of flight considered,

numbers of counts, T, were recorded. ThiE?

These dat~ [;ivethe ratio df[25)/d(B)

except for a constant which depends on

the shape of the spectrum as measured b’ythe chambers. ‘1’hisraaybe seen as

follow:

shore 3? is the total number of mutrons arriving

run. Ais the ~’olntimer:. The function f’(~)is

lie in the time of flight intervml bdmeen ~ and

geometrical smmitivity of the chamber. A airnilm”

M? chamberx
3

at the chamber during the

the fro.c%ionof N which ‘

t+d~.
’25

iS the

expression holds for the

—.-————__. .....—
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measured by the Ghambors; this does not ohange unl.easthe 8ource is chanEed.

‘Me chwnbers were interchanged frequently during measurements on

each energy setting GO that my changea in ~pectrum wauld be detected. At

least two runs were made between each interchange of’the chambers, each run

M length sufficient to give about 100 counts on the s~owest counter.

‘X’heequations (1) and (2) above indicate that (C/T) is a function

of the inteCral
[
f(~) ti(t) dt. If the spectruiichanges~(C/Tj i’cra

given energy will change by a different fraction for the two detectors,

ninee o’f{2~)/d {B) ie not a constant with respeot to neutron energy. AS

a result, when measurements of df(215)/c1(B) are made with different sources

it is necessary to apply a normalization to mke the data correspond. The

procedure to measure this normalization factor is indicated by the following

considerateOnst

Consider first

/c\ *

\)~25 ,

the 25 chember. Equation (1) gives,

f(%) df (25) A25

- “.. ....__
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i%r a clifferent source f’(t) will be different, say fo(~)= so

Similarly, for the BFj chamber,

He f(~) G(B) Au
=.

TD
!

f(T) d(B) d7

and for the other source,

H

c’ f~(?) d(B) &OB
=

‘B !
fq(t) d(a) dr

Combiu.ingthese equations, with

@ves

we have for one source

or if we let

.
and let N be defined by the above equation> then

R + R’N

APPROVED FOR PUBLIC RELEASE
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N was determined in “MM followinu manner. ‘l’heuntimad total

counts for one chamber

cou21tsis given by the

r

for each source were measured. The ratio of thsse

following ecymtio%l;

Ft25 Nq25
\
f’(P) df<2S) d?

’25 and p’)~50 theemsitivities of the 25 chamber for the two sources=are

not energy dependent~ N25 and I?925 are the number of nmtrons arriving

ct the ohamber for the two rurm. l?% and “25 were kept equal during

Kjlemeasurements,

neutron monitor,

ke~pin~ tho ratio

and N25 and N’25 were kept at m certain ratio by a

Iliosame measurements were made for the BFj chamborO

N#NOB the mum as for the 25 meammxmxxt. The ratio of

the results of thesetwo sets of

When the cyclotron arc

does not drop to zero because of

in places other then in tie arc.

measurernent~gives the number N,

voltage is turned off the neutron intensity

the acceleration of ions which are formed

Thus, when rudcingtimed in~suresucnts,it

was necessary to measure the unmodiil~tedpart of the neutron lwam and to

correct the dRtxifor it, This background was measured by turning off the aro

voltuge and recording the total number of counts in an interval of several

minutes. making certain that the cyclotron remained in.tune during the back-

ground run. The timed counts wex-scorrscted by a fraction of this back~round

corresponding to the fraction of the total time for which a given channel

. . . . -—
-._._.-————. —- - —.-—-—.,..-. --- — _.— —
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WM mmitive. Since the background incraaGed with increasi~ CaG pressure,

the pressure was kept uonMw.nt and as low as possible. In most cases the

b~ckground was less than 1 percent of the timed oounts.

4 further possible sourme of background is leakage into the colli-

mator of neutron6 which do not origiuate at the.sourc~ . The ITMk@tUd8 of

this baclcgroundwas measured by placing in the source end of the collimator

a F~Ug of about 30 CXIOX w-f’fin and ~ tw/c~2 of B203~~ ~~~w a timed

run at the miwgy region of interest. This indicated that it was necsnmary

to place additional paraffin around that part Of the collimator near the

cyolotron. A plug consisting of 1 gm.cm2 Of B203 WTM @need In *he c~lli=

mater behind the detector to prevent neutrons from sn%ering there. After

these precaution ‘weretaken, the backgrcuad was measured to be less than
.

one pf3?CfXbOf tha ti12f2dCOUr.t8. A slli~ldof pumff’in und boron waa placed

behind the source to prevent tho neutrons, which are scattered around inside

the water tfznks which surround the cyclotpon, from entering the source and

thns arriving at the

‘1.’hinwas shown to be

V:M sharpdr with the

detector at a tine not corresponding to their energy.

necessary by the fact that the 56 ev iodine resonance

shield in place than without it.

In some cases it was necessary to measure and correct for the

recycling back~round -. that ix for the countn measured in one cycle which

were due to

made in the

tioa period

umd in the

Q1OW noutrous from the preceding cycle. Thi~ measurement was

following reamer. For making the backgpundmeasurement a repeti.

waa 8et up which was at Ioast twioe as long aa the period to be

oxperirnont. Six of the sensitive intervals were set at a time

after the neutron burst corresponding
.

to the morgy to be investigated,

‘m::=—.-—.—..”....... .
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while the other six were set up later than tnin by one period of

quency to be u~ed in the experirnont. This gave the ratio M the

the fre-

counts due

to recycling to the total number of’counts for the experiment. The correc-

tion was usually le~s *ban one percent.

If *!M neutron pulse end the detector sensitivity pulGe were per-

fectly tiqunrethe sonei$ivitycurve plot%ed on a time of flight scale would

have the form of an isoaceles triangle. If 7 is the ttie between the be@n-

f~on.t~merrand theni~. of the arc

ii’tinearc “on=time~~and detector

base of this triangle ia 28; the

beginning of the detector “on-time”, and

“on=time” are of $ ,#sec. duration, the

highest energy neutrons deteoted have a

time of flight of T- $ #sec. andtho lowest cmergymutrons have a time

Of flight Of % + SpaPC; seventy-five percent of the neutrons detected

fall in the time of flight region between ~- ~fld and ~ + 5/2.

Rowever, various factors enter to distort this theoretical shape.

One is that the number of ions from the arc: or at least the intensity of

the neutron pulse, does not go to zero as rapidly as does the arc voltage.

Simj.larly,the intensity of the pulse rises more slowly than does the arc

voltage. ‘fheeffect of this ie to broaden the sensitivity curve and to

make it lens sharp. This was demonstrated experimentally by the use of a

proton recoil chamber. The chamber was placed as close as~ossible to the

cyclotron target, The proton recoil p~laes from the neutrons were amplified

by cm simplifierhaving a

067j.aec. Zhw output of

of m oscilloscope. The

rise time of about 0.05#sec. tmd titdeoay time of

this amplifier was connected to the vertical plates

awoep of the oscilloscope was synchronized to the

nro repetition frequency. Since the neutron intensity at the chamber is

~----”
.....---- —..-...
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very grcmt, recoil pulses are not olxxwved individually but only the current

of these pulses ia observed. This gives a picture Of the neutron intensity

in the pulse from the cyclotron target. Observation of this pulse indicated

that the neutron pulse waa atleaut 1,M60c. longer than the voltage pulse

applied to the arc. This width de~)endedgreatly on the gas pressure in the

cyclotron, increasir~ from about ~fl~ec. ta la}sac. when the total pressure

changed by jO percent.

Data on the ~xf)~r&L~nt’fi~

following manner. A timed run was

resolution were also obtained in the

tnken on neutrons of e~sentially zero

time of fli~ht tith ~~sec. “on timml A fast neutron chamber was plaoed

e.tsuch a distance.that the imlividuul pulses c-ouldbe counted. If the

intensity of the neutron pulse rose to maximum value and fell to zero in

infinitely short times, it ia easily seen that plotting the number of counts

in each timed counter ngyinst the

the sensitive time of the counter

exxustlysimilar to the resolution

experiment is actually the mirror

time difi’erencebetween the beginning of

and the aro “ontimd’vm.dd Qvc a triangle

triangle. The ourve resulting from this

imge of the resolution curve plotted on

a tiwe of’flight axis. This may be soon from the fact thut the fastest

neutrons deteoted in M time of’tli@c neasuranerrtmust be those which ori-

&inate ut a the new the cnd of the neutron pulse.

The results of this experiment for 5#sec. ‘~on-timesnare shown

in figure 2. ‘l’hehigh energy tail extends about 2.5fi8ec. beyond the

theoretical sensitivity curve. For”an tims’iabove 10 or Etl>(sec.,the

distortion .ofthe resolution curve due to the imperfect neutron pulse is

?!!!9!W..
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Mstortion of the resolution curve can tzrisefrom the finito

Iengtlnof the chsmbsr. This rwsulta in an uncertainty zn MC didxmce of

.tlightitior a corresponding uncertainty in the time of flight. This ~.@-

w>~~ainty in th~ tine of flight is s~p~y given by the product of the length

of the chamber and the time of flight per mater of %ho neutron in which one

is interested. It is epparent that this uncertainty in the time of flight

increases with decreasing energy. Sino9 the thing that concerns tho resolu-

tion is the uncertainty in the time of flight per meter, this product must

be divided by tho distance of flight in order to obtain an ind.oxof the

resolution. This effect of decroaaiag the resolution is then greatest for

low energies and short distances of flight. Ni.ththe exception of’one set

~f obse~~tio~~, this resolution distortion was negligible.

case~ the altered resolution function,is ahcwn accompanying

IA the apeoial

the results.

[se@ fig. 4).

For

by far ariaea

2,iAs9c.after

measurements in the thermal region, the

from tho deoay time of slow noutrona in

greatest didxx-bion

the source. In about

the hat neutron pulse from the cyolotron enters the-slow

neutron source, equilibrium of the neutrons in the aourca is reaahedo with

a maximum in the time of flight distribution wrve for neutrons emitted

from the source at about JOO~sec/m plotted on a time of flight male. This

equilibrium distribution retains its shape while the neutron intensity decays

aith a half 2ife of about J.10}sec. .~orthe paraffin source and of 50#se0.

f’o~the fjou~ce

Thus

consisting of the boron solution.

there are neutron~ of energies varying from 0.01 ew up to

..— —.- .-’

. . ..—
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about 0.1 ev being emitted for several hundredjiseo. after the primary

neutron burst. Hence if the detector beomnes sensitive at a time after

the primary burst corresponding to the time of flight of’a low energy

neutron, it will detect also neutrons of higher energies which were anitted

later than the one of low energy. Sims after one to *r+o#sec. Iater than

the primary burst, there aro almost no neutrozm in the source of energy

greater than 0.1 ev, measurements above this region aie notkffected by

mean lif’e. For thermal measurements the distortion beaomes smaller as

the distance is increased, so that it is preferable to work at large dis-

tmmces.~ For most of the work which waa done in the thermal energy

the distance of flight was so great that even for a 100#sec. mean

the distortion of tho resolution furntion was small.

regiori~

life,

measurements may be conveniently broken into five groups.

groups contain several sets of memurementso The range~

covered by these group8 are (1) 0.01 to 0.2 ev., (2) 0.1 to

(>) 0.5 to 100 eva, (4) lb to
1“

mental conditions unde~ which

Table S.

lt WLS 8hovznin the

250 eve} (~) 120 to 3000 ev.

2.,0ev.,

The experi-

the measurements wero made are lioted.in

section above that the cyantity

R=
/

(cfi)25 (c/T)B

gives only the relative variation of tif(25)/ 0’(f?). The absolute value

APPROVED FOR PUBLIC RELEASE
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quence, In order to compare the results of tho various meaaurmmnts, it

is necessary to multiply them by the appropriate normalization factors B.

~gUre8 3, ha ~, 6 and 9 are CulWeS Of R agatnat time of flight per rnetor

for the various regions and are not normalized. (Region lb was multiplied

byl.Oj to fit it to la, c andd). M figure 10. whioh inoludea the results

for all five regions; eaoh i-eg!onhas bean nommalizedto xnxmsuranentla, and

then 0’t(25)/&(5) has been adjusted to equal unitY at 0.025 ev. Thus to

plot the aurves of figures 3, 4, 7, $ and$l, on figure 10, thsy must be

multiplied by 1.08, 1.26, 1.36,1.19and 2.34 respectively. SeCJthe appen-

d&x for the computation of these factors. ~obable errors have not been

~.micated on the ourves. However$ the shape is determined in all regions

by pointe each arising from at least five hundred,counts for eaoh ohmber.

Figura 3 ohows a plot of the

measurements of group le ‘theabmiriaa

of microseooado per meter. At various

pending energy in ev. is’also urkad.

taken with the thiok boron uhamber and

values of’ R determined from tie “

is a time of flight ax16 in unitn

points along this axis, the carres-

The nxwnmmwnts la and Xb wero

were correotx+dfor the absorption

h the chamber. For mcMt8uremerit6 d k, both the thick and the thin baron

ohambers were used. The thick ohamber aorrectiona were applied and the

xwmsummezdw with the boron 0h6,mber8were aombined to obtain the BFZ 8pectrum.

Inmamrement ld, tho thin chamber waa used.

sbf3cis8aindicate the resolutions uaod.

The maamarmnents of group 2 were all

.4

The triangles drawn along the

made using the boron source

snd thick boron chamber. ‘theresults of the three measurements using
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different resolutions are given in figure k. The a$MXerinS Of.the points

is greater than would be expected from the probable errcu-sand is perhaps in

part instrumental.

(Woup 3 involvem three

*ions. All were taken usin~ tha

sets of measurement with different resolu-

normd paraffin source and cadmium around

the detxotor. Only the

data were taken, the 25

than the boron ahamber.

thioktx of the two

@hamber was always

Since the speotra

boron chambers was used. When the

10 om. further away from the tiourue

were observed wing the same timing

scheme

on the

for both chambers, the observed points do not ooour at the ssm plaoe

time of’flight soale when it is redueed to microseconds per meter.

Bscsauseof!thi8, it was not possible to take point by point ration of the 25

and BP speotra, but instead, the two speotra were plotted separately.3 They

are shown in figures~ and 6 re6peotively. Smooth curves were drawn *O fit the

points and in the high energy region, the b.EVjmeter data was weighted most

heavily. Point by point ratios were “bhentaken from ‘We mnooth curves. These

ratios are plotted in figure “?.

It will ba observed that there is

be expeoted from statistical reasonsO smon~

moms to be due to some syatemsti.cerror in

tion d the time axis for one set of points

matlx9ringB greater than that *S

the points in f%.@re 5. This

the tiXIing9since a slight transla-

rela’tivato the others givw much

better agreement. This probably results directly from the fact that no track.

ing cirouit was used to keep the time lag constants and it was not known at

the time these data were taken that the time lag varied so greatly. A ohango

of timo lag of only 5pMc. for the data taken at 1.05 m in needed to explain

the greateet shift which one would need to produoe optimum ugrecmont. It wqs
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felt that the need for additional information in lids region was not sufficiently

~reati%0 merit fur~her work to reaolw these difmrqpnaiefs.

The measumanants in group bwero *do up of two sots taken at differ==

en% tires but with the same raeolution. The beam ’trackingcircuit waG used.

‘J’h@results are shown in figure &

The result~ of the xwaauroments of group 5 are shown in figure 9.

These meammww?ats were made using the nomad. paraffin murce$ the boron r’o-

cyoling shield and Cd around the detector~. The tracking

for this measurement.

resolution function. El

and as shown in figure

boron recycling shield

percent reoycling correction had to be applied to ttM boron data. howmer none

‘ma noaessary for tha 25 datQ IWORU80 in the region where recyaled neutrons are

troublesome the cross mction of 25 is so GrRQKlaa to make the ocmrso’tion nq#Az=

gil.?lo.

‘.(M

aro not to be

xmumrexsitmibsfor the of flight
.

relied upon IK3ctmm of pofiaiblo

of mne neutrons cd?eeveral million volts, resulting in an inmwase in thw value

Oi’ R beoause of tinsfission of the 28 which is pressnt in the swnple~

M addition to these groups of timed measurementoO enotiherset of

timed meamaremntn was taken in order to determine the ratio of the av&age

valua of R at about 100 ev. to the value at thermal energies. To do this

the boron source me u~ed and the distance to the deteotur was 7.6 m. The

-—.—.
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thiok boron dwmber was used. Tho ‘Fen-timeonwore &O#aO. and the repetition

rate 2(X3.5ups. The arc p9sitAon was monitored by &he Ixaoking oircuit. (he

of the dotoctor channela was sot for a man time of flightiof O~sec. per meter

which corresponds to about 63 ev. The adcreme ends of the 6en6itivity ixrlx!m-

vh~ were a+ $j8C)and 31 ev. $ix other channeh wes*esek about anxmn time of

flight of 265~aeo. per meter or 0.075 ev. The averages for thaoe EJiXchannels

were obtained and mmpared to tha values tor the 03 ev. channel. The iAsual

corrections xere made to these results. The correoted result8 are given below.

The variation

0=01 evo to 1000 ev. it9

%#%.075= 2oS&ti5$

Of Sf{25)fCf[B) with energy over the region f’rom

shown in the composite figure XO. The absaissa is a

Iegwithd.o ekxwgy axia. The fit between the measurements of groups2 and ~ is
,

not Very good. Xo good re~son oau be advanced for the lack of r+ywmont. 1%

may be that the dimgrfxmient msultm

must be fitted togethor at different

In addition. as may be seen S?romthe

fromtha f’aotthat”mveral pieces of data

points to establinh a continuous curve.

scwittering of the points in figure 6,

the walue of R in tie region from 0.5 m 102 ev. is not vwy weU determined.

Of courss this region is probab3y of IIWh Iesa interest _MaE is the relation

between the meawrements d’ group 1 and group h. This ~atter relation is

rather well established by the memmred nomaMzation factors.

The moat 8ignifi’canttoatmres of the variation of the cross motion

are MM following. @ the thermal region the ratio of the cross section de.

erea6es 8AowLy with inortwd.ng energy, The rak~o R deoreases by abou~

~-” “““
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0.01to o.o~eve A rexmawo of about 0.2 ev. width

This resonance same to be relatively well resolved,

the change in cross seetion is rather small. At

from about 30 voits on up to MOO w. In the region of 1000 ev., the average

value of R is about 2.’75times the value at O.~ ev.

There are

remdts. The first

phenomenon. ,Though

a fow sAgnif3ciant con?lud.ons

and perhaps moat important is

it had been suspeoted before.

to be drawn fkom these

that fieaion is a raaonancw

this ie the first oonolueive

avidenoe on this point. From tho data in the region of~Q2~ ev. it is ev%dent

that these rescmxmces may be quits narrow. Aotua~ly thi8 particular resonsmce

is of tho order of 0.2 ev. wide. Although nonesof the hi@er resonances have

been re~olwd. it is a~arent that they also must be fairly narrow. The large

rise in the average x’a%ioof oross sdxl.ons in the region of ~ volts i8 rather

interesting because it does not fall again to some lower value at higher anergy.

This is probablyto be explained by tha fact that

2y not resolwed in thin region, and the change in

cauned by a change in tho average lewd density.

narrow resonance8

the average cross

If one makes the reasonable assumption that boron followa

are fxwtain-

Section in

:..~ -.—--- —“ . - -
.-. —— -. . . ...-= - -

.- .-— —-\-
,. ----- .. . . . . .. .
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by about2.7 in going from 0.025 ev. to 1000 ev.

TRAHSMISSZON OF 25

INTRODUCTION

It na found de8irable to measure the transmission of mriohod

uran3.ummqiiee lq~the timo of i’lightnethod. Ono raason for thiLzwm to me

if the general charficteristicsobsarved in the fission cross ssotiozacould also

be obmn’ved in the total capture croaa ssction detar.miaedby tran6mt6aion. A

ceoond reason

wore found in

.leaatsome of

@rose ao a z%sult of the small widths of tho fission Ievela whicsh

the meamzremsnts discussed in the first part of this report. At

the ft~aion reaonamm have widths comparable to those e.xpeateti

for capture

there i,iEan

ray as well

varied with

fission. by

with gama ray emission. Beonuae Of this, it seeme possible that

appreciable probability for capturg with the emission of a gamma

aa aapture with fission. If the probbi.litytor ~amma oqpture

energy in a radically different manner frcxsthat for capture with

studying the total oapturo orom oection and mmparing it to the

fission oroes section, poeitive evidenoe for appreciable gamma capture

be obtained.

Reoent unpublished mcperimsnts by Fermi and abo Bailey have

positive evidence for exintenoe of gama capture. Their work oonsiotod

independent mea8uremnts of fimion and total capture cross section,

-~’

.VOUM “

Ma&nod

of

!l!hegenord teohniquos for making transmission mfiasursmentsare “

-s
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described by 13akorand Baohor 2), Tho only essential difference in the method

of.making tho neamrements from that described in tho published article is in .

the mecumwmmnt of the total transmission of the sampleo. Instead of relying

upon the stability of the neutron intendty during the xmasuremewb~. a stable

fid.on counter was used m a nonitor

The gaxnetrical arrangexmnt

described in the earliem section of this paper. Tho large paraffin and boron

carbide collimator was also used. A EF3 chmber waa placed inside tho large

eoM.mater at 7.6m from the source. The chamber was immediately surrounded

by a small boron carbide oollimatxw of density 1.0 ~cm2 which extmnded ~~ am.

in front of the chamber. The diameter of tho oallimator at the aperture was

2 inche8. ‘thetrsnsmiaaion sample to be studied NV.8pkaed over this aperture.

A sample of uranium oxides enriohed in 25, =6 used. The fimountof

~ contained in the sampleams 13.74percent by weight of the totel amount of

uranium prosm% The entire sample of the oxido wsighed 309.6 gin., but wan

divided into two partR. These two parts, designated as #l and# contained

approximatoly7# third and &@ thirds respmttve2y of the total amount. T!he

sampleo were plaoed in cylindrical aludnnm containnra having an inside dia=

meter of 2.50 inches. Tho and caps of the oonfxuinerswere l/32 inch dnralumi-

addition to the enriched Samples. two other camp’les,~ and *O

of normal tubal%uy oxide. The~e were plaoed in containers similar

the enriched s.mxples. Tho nOX’IWL~LWI@eS had almost exaotly the

-, “’“’—— —-—,.., .-> . ... .. .. ... ----- .—
... __.. .. ---- ,, .--- -—

.!.

J
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same weight of material in them as did aamp2es 1 and 2!. The t~n=d.88iO~ d’

aach of the normal snmples was alao measured in order tctpermit a correction

to the cross seotion determined i’romthe mriohed samples for tho scattering

and capture from the rchtively large amount of 28

eamples. In ordsr to compensate far the thidness

the beam whe~ the abaorber waa in, aluminum blanks

present in the enriched

of dhaminum which was in

of equal thiokneso were

placed in the be$unwhen the ‘absorber Outrnmeaswvxmntm wero made. In Table II

thewoights of the variouc.samples are tabulated.

Tho obaemations were oarried out in two parts. One part was made

in the ‘ld_@rmdrange using the thin absorber,,sample#2, and the c~”rmponding

unenriched ssmpte ~. The resolution used was 200#seo. “on timev for the are

and deteotor. The second part of the measurements was carried out using the

together, andunenricked mmpZes#3and~. The

arc was ~C)~eu. The measurements extendsdup to

The tired observations were made using a rotwking

sequonoa of enriched sampleO normal sam@e, and a3uRAnMM disk. For the low

ener~y regions *O complete oyclea of this aequenoe mere made, while for-the

higher energy points, 5 cyoles were made. The %otal $ransmiasion of each

mmple WM made relativo to the aluminum plates.

RMMLTS

The results of the to%xl txanemi~sionmmmwrements are given in

Table 111. Th6ae xneamrement~ ma of’equal accuracy. By using the percentage

mean dcvJiati,onfrom themw+wage, for all ohservation8, the probable error of

the average of a sot was computed to be about l.~ peroent.

_-.—._ =.. ---- -’—
,---- “-’
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aesooiated with the

total %ranzmiaafon.

‘I’heshape

have been chosen m

timed

The immedmion is plotted ae a funotion of time

counts only anddo not inoluda the error

of the lizms drawn through the points in Figs.

as to be in agreement with certain assumptions

*ions. 1% is assured that the scattering cro~s seation of uranium

in the

are conatawt, while tho cross seotion for cap%ure of 28 and 25 Vary$ to Q first

approtixation, as I/v. It %s further aasumed that these cross seo’tionsbear

tho ratio to one mother at 0.025 ev. as the values tabulated below. Howevss’

those are not amumod to be the akmolute values, but tho absolute values are

adjusted to provide the best fit to the data.

28 sarnttoring (3.0
26 capture barns per aixxnof urauium
25 capture ::: in normal tuballoy

oxygen scattering 3.3 barns per atom of’oxygen

felt that the

cross section

curvo o!?Figs: 12 and U are a far better detor-

of normal tu’bal%oythan the individual experi-

the oross seotion for normal uranium oxide.

The general absorption law is:

T =

uhmw T ia the trensminsion for

~.ti n

a giwncxxxm motion per atom (0’)anda

.. .. .- . -—
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2 W* u= O-n themgiwn number of atoms (n) per cm .

vdicms,

following

~ . 8-4

In Fig. 25 ar; plotted the orom sections determined from the obser-

The croso acctions are given per atom of uranium in esoh sample.

h order *O obtain tho 25 oaplxarecrws motion from

prOC@dLUW is used,

tiledata, the

+M3ri36Jn(25),SXM3CXO(25)Bare

respectively for 25= and where

moss motio~ for 28. Then it

9’

0’6(ZC),and 6.(28), are the corresponding

is easily shown that:

(CL - u*)/(n - 33Q)

Wh?mxt u, W’ are absorption coefficients for the enriohed esmple and normal

sanplo rospeotively, and n and n! Rrc tho numbers of atome of ~ in the

two samples. If onemalws ths following atimmptions a,valub for the oapture

oross aeotion of 25 may be obtained, AeRuao &~(28) = &J25} and that &o(28)

at 0.025 ev. is jOO barna and varies as l/v. The above diacuasion also assumes

that ‘thereare equal numbers of atoms of uranium in tho enriohod and the corre-

sponding unmriahed sample. This is true to abouG 0.2 peraen%.

Tho values for C$G(25)baaed on those aoneiderations is p~otted in

Fig. 16. The value of 6’.(25)v normalized arbitrarily to uni$syat 0.025w.

is shown in Fig. 1’/. The smooth ourvs shown is drawn to fit the experimental

points from the transraimion measurements while the dotted curvo is the curve

for the corresponding region obtatned from the f?i~aioninoqsuremmlx reported

..—? —.
——— .. . .
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in the first seotion of this paper. Fig. 18 shows the value of &c(25) v

and o’f(%) v on an energy plot.

The value oftho capture mom motion at 0.025 ev. io determined

DISOUSSIC)N

It is seen that the

determined by transmission ia

ca?ture cross section

the fifiaion oro88

Seotion. HOW3VW. the quantitative agreement between the two groups of

moarsuremntm is not aa good

wore the same for the two.

ref30nmee a+

ZCIpercent.

m

0.25 ev. whara

is possible of

as would be expected if tho energy dependence

Thio is espeoiallylxue in the region of the

the diffe&nee between the two curves is about

8 6

oourae that thin indLcateB that gamma ray capture

inoreases relative to capture for i’iasionwith Azmmaaing enargy. However,

it is to be considered that the tran~ission measuraentE wore made in the

premnce of a large amount of aeattaring from the 28, making it more difSi-

oult to get good values for the 25 cross aeotion. In the enriched Sample$ a

mattering of about 9 barns per atom of uranium greater than that present in

the normal sample would mako the two oiarvaahave about the same energy de.

pendenee. As little aa 0.4peroent by weight of mater in tho enriched sample

would prcvide this additional amount of scattering. However after mwuxring

the water content of the asmphs, it was deemed unlikely that more than 3/10

*hitiomount wat3present. U’ the scattering moss section of 25wt3red20u*

6.5 times the scattering for 28, it would be sufficient to provide theaddi=

I

:-5....—.“ . .
.— . . . -. -. . . . ----- ._-G:.- - _ : _
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iional9 barns of soa%tering. The latter

The possibility of error in the

posetbllity 5B exceedingly unlikely.

moasurenento of the fisbion aross

section in thi~ retion cannot bo excluded. The 4xos8 motion in this region

was obtainod from two sets of measure,me,ntswhioh were joined together by fit~

Hormvee. it ie difficult to see how these measurements can be in error by so

hrge an mm.mt.

CONCLUSION

It amns that the conclusion to ba drawn from thi~ experiment is

tha$ the general behavior of the total c~@ure moss seotion for 25 is similar

to that for the oapture for fission, but quantitatively the behavior may be

somewhat different. The meafnmcnuon=sindica%e that the ratio of the total

capture oross seotion to the fission cross section irmreasos by @ peroont

gOiW from 0.025W. tO0.25OV. It is felt that the present measurements

in ‘

are

not mfl?icicmtlyaccurrtte to conclude definitely

ia real. though it may be. Amuch more definite

ii’the experiment oould be rupoated for both the

measurements. M the transmission meawrementsO

scattering background could be taohiaved if metal

oxide, could be used, and if a higher enrichment

bo attained.

that this apparent inorease

conoluaion muld be roached

fission and the transmission

a gxwat deorea~e in the

8amp~eZ30instead of the

of 25 in the WIPlf3 00u1d

‘~ir-———._.-___---——-......-—--....-__
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APPENDIX A

foundto b~’1.08. However, in ordttrto fit lb to la, Iawaii multiplied by

1.03 so that to relatohb to the values plotted on Fig. 3, it ie neoecmary

*O mul~iply (&jb)by the ftaotor1.11 X ~ percent. The agrmment between the

various factors indicwlxm to some degrea the precision of the .zrmasuranents.

The error quotod for tilefirst factor is baaed upon the mean devia-

tion cA’several observations and upon geometrical changes whioh may possibly

have ocaured during the auwjummonta involving both the normalisation m.emure.

ments and the timed runs wi’~ which they are associated. Ths g50m@ry wau

most likely to be altbred bcoause of ce~tain ineonvenienoss whioh existed in

Raking the exchange between types of’speotra. Zn mskfw the normalization

measurement for the seoond Ractoro tho possibility of altering the geometry

during th course of theswwurements wsn oonoidmably roduoed. Xn addition,

the normalization runs were inter-ms~hed with the timed runs in smh a way

as to reduce the effeet CM Ch~&8 in tho geometry. The error quoted is Mined

upon the mean devi.e.tionaof aemral observations.

Two more values of thic normalization factor can be obtained. Ona

!!!!!9k_.:
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ot these is obtained by aombining all th_edata of

The se~enlw are adju~ted for the best fit of tha

regions of the spsotrum. In orderto obtainthts

groups 1 to h i?rtoone curve.

valueu of R for overlapping

fit, the curve of Fig. 3 mat

be multiplied by the f’actorO.%. The estimated error of fit is 15 percent.

The find method for obtaining a normalisation tao%or for these two

regions is by utilizing the data whioh’comparoR tho value of R at 83 w.

Mrectlyto its value at 0.075ev. As givm above,~#Roow5 is W&. The

value of X3 represents tho average of R over the resolution funotion wed

ha the

yields

rig. 3

of the

of R

f3xperin3rat.

The average of the curve in Fig. Q

the value 2.27. However the value of

over the resolution funotion

Ra% 0.075 w. on the ?.urve

is 0.855. We wish to normalize the owve of Fig. 8 so that the average

reaah~~on funotion owr the ou~we beei’sa ratio of 2.* %0 the value

for ??ig.3 a% 0.075 ev. Thu5 in ordorto do this it is mecessti*yto

multiply the curve of’Fig. 8 by tho faotor 1.11X 7 percent. This fautor ia

obtained from tha product of 2.* x 0.@55/2J?7b The error iG the statistical

probable error a~sooiated with the factor.

Km have now four valueB for %-o factor by whiah the ourvo of l?l,g.8

must be mdtipliod to compare it to Fig. 3. These values are: “

After taking the weighted mean of these quantities we obtain the value 1.11+

h peroent,
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p-m Pm there@on 5,W8 have two methods fOr determining the nOX%W~iZa”,

. awve 9 to curve 8. This gives a nomalication value of 2.02. The average
.

Of theao tWO vahaee i13lun. Therefore to compare Fig. 9 to Fig. %, Fig. 9

should be multiplied by 1.97. In order to compare Fig. 9 to Fig. 3, Fig* 9

shouldbe multiplied by 1.9? x 1.11. This faotor is 2.~8& ~ percsnt.

illFig, 10. In addition to applying ala the appropriate normalization factors

to the data, all the measurements have been multiplied by 1.cX3to adjust the

value of R to unity at 0.025 ev. The mearmrementa of group ~ and ~ have

been nwmalizedby the une of the fkctors fodnd above, while groups 2 and 5

are adjueted for the boat fit. TO plot the data then, the ourves of Figs. 5,

In Fig. 10, only th~curves from the various figures have boon shown. The

—------
.- ..—.— —.—-. .—-.— - - -.—--
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Ho. of
wt. of oxide gM.oxide#aq. ml. @n&Tu/8q.om. Atoms Tu/aq.em..—— . ——.. — .—

.689
●741
.700 Average .710

.6yiI

.630 Average .654

0861
.805 Averago .873
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