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‘Me ratiq of oapture to fission in U235 and P#39 at low

emrgicm h disouemde It is probable that the oaptum to fimioxz
.

,
ratio i6 zero in Pu239 i?or energiee of awe than 1 evo 2W3 i’laotl

oould be eatabl%shed by a nu@m? of exporimnts whioh @re 8ugge&3%ed

j.n this paper.
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1. Captare.to.Fi8sionMtio in U255 and PU2Z9——— . . . —

Thm ratio a of tho aapture orosa aeotion &nd ~ho fiaeion orosa

/]eetionat low energies is of great aignifioanoe for t~ oonstruotion of’

piles. If an energy region oould bo i?oundin whioh thiq ratio is zero,

piloa could be mado to operate in this

The rolhnmin~ Oa’ossSeotiom

fifmion orom motion q,

region &d avoid’neutron lo88ee.

are relevant in the lowsnorgy

(elastio) aoatteringoross 8eolAonua,

radiative oapture orosa aeotien OrJ

totsl orot38motion a+ = pf + as + u~ .
1

The.eoattcring at the ~ergiea considered here oan onlybe elastic and iek
.

tropio, aixme the wavelength of thy neutron is ]ar~o oompe.redto the dimm.

6iona of the nuoleus. The oapturo.prooeas is followod by the eniesion of’

y-rays and loadp ta a radioactive nuo3aus. !

The only oross aeotions tti’thave been meamrpd so far es a

function of the neutron energy are tho fission oroas so&tion and the total

(moss motion U*C

velcoity @elector

mining the amount

Other prooeases can not lx mewnx’ed 6ssiYy with tho

method. The fission cross saotion ismeamxot by deter-

of-f166ioh prooe8ses per inoident neutron; tho total

Oroas 8@%brL ia m-6W70d by aotermining the attenw.tion of a neutron beam.

Tt is in the naturo of the velooity.meleotor method that oross e@ctlon8

oaa only be maasurud :-t?processes where an observable etffeotfollows
I

immediately the oapturq of a neutron. This ob~erbable.pffeot is the -

=== ._u.
‘- -~
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●ttwnuetion of “thebcwn in the aase of the mewmurement of the total ‘

orosa seotion and the fission in the oaso of tha fi8sion oross eeotion.
.,

‘l’h@mattering orofw aooti.on 00uIcIbe mamred bytheve~ooi~.Bel eotor

method W tho aoatterad neutrons oould ba pioked up by aldeitectorwhioh

has tho required ‘onn mid ‘off” tiresperiods to deteot the aoattertng of

neutrons with 6 given anergy. It has not beIandonq so f,ar$probably be-

oaune of intenuity dii’fieultieawhioh mko it hard to distinguish this

mattering from stray uuattmring in othsr objoots. The oapture oro68 smo-

tion can

COUhi be

however~

a faatm

be measured by uqlooi%y uolaotor on3y if’the odpture y-raya

dstoeted whioh 8?am8 questionable.

All three oroaa motions oan be msasumd with suitablo methods,
. .

if monoohr~~tio neutrone aro produoed witha oryetii spectrometer.

Zlemontary laws of neutrw absorption ahow that af and ar oontiin

l/@ut low enorgieo. whereas UB approaohe8 a @nitevaluo for

E+o. ma

uh.re R ia

and m oan

i’initevalue of Ua for low energies ia of th? ordor of 4 nR2

tha radiua of the nuolei. This is about. 10 b for hea~y nuolol

therefore negleot U6 for energies at which the other orosa

motions am large oompared to 10 b. fiis iB th. cmae $or energitm belaw

about 0.5b. We will refer to ?Miii region au the %w.exiergyregtonfl.

.
,/

. .
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The Plutonium Cross Seotions.— ——

seotions a~ and u- of plutonium have been measured
b A .

-.

by B. D. McDaniel and oo.workers”in LA . 266. The low-energy region i8

dominated by tha well-known strong resonanoe at 00Y -. Neither Ot

nor af can be

a

The oonstants

represented, however, bs a pure Brei%Wigner formula:

JIBEo ‘O

E‘1 ,4(13 .Eo)’@ ‘

oan be adjuated so that the & eit-Wigner e~reaeion describes

well the region around the resonanoe within one half width. The8e constants

#
are8

Qot &600 ~ 2$0 b

~of s3000 Z 2c50 b

E. SQ*30 ev, J%O.097 O’vo

S30and rare identical for both Gross seotions as

I%ase Broit.Wigner expression~ do not f$t out8ide

expect~d by theory.

one half width. ,Abath

ground 0r08S motion ~ must be added to it”and ?&Daniel has shown that

this background oross seotion OB oan be eonsidored the same within the ox-

perimental accuraoy for both the total and the fisaion oross seotion. The

fumtion ~ ~ is a slowly varying funotion of the enekgy~ It is plotted

in Fig. 1 in units of barns ● meter/p a.
4

The rat$o a of oapture to f!is8ion:

damo af

oan also be determined in the low energy region from the measured orosa

,
-.~ :

uNcLA-s51FlE
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seotions u~ and af , by neglecting Ua:

a . (c?<af) . 1.

Msl)anielfinds thie magnitude varying with energy. It @ the value C;f+

et thermal energies and inorcwes to 0.% at O.3 ev and f%l1a off again

at higher energies as indioatod in Fig. 1, Although ,thoexperimental

aoouraoy ie notitoo good, it seeme that this variation is outside tho

experimental error.

The rneasurmmnts in the energy region above 0..%w are firotly,

less aoourately known and, ueoordly, harder to interpret booau6e of the

faot that the mattering ureas motion oan no longer be n@ eotod. Tho

totsl as well R8 the fission oross aeo’tionshow a very bread resonanoo at

32 w end come more at hi@er ~ergiea. Tha retsonanoea% 12 ev my wdl

be a group of unresolved sharp rasonanoe6.

● The value of a can only be determined if one I&owe the VM3ue

for aa. ‘k oxAlymeasurement a~ail~ble i6 a therml value of U. .9.8 b

by Fermi (private oommunioation contained in the Los Aladm8 Handbook,

u- IIJo]. ~lthough it is theoretioally to be expeoted that’the ooattering

orose aeotian between resonanoe6 (potential aoattering) io a very slowly

varying fumtion of the energy, it 38 not safe to a 68um3 Ithat Fermi’s

value al80 holds in the nigion abo%e 3 ev. The inf’bnoe of the resonanoe

at 0.3’ ev may be large enough to contribute

aoattering oross section as tho analysis in

ohomn to be 10 b throughout, one obtains a

appreoiably to the thermal
t

8aotion v 8h0W80 If a: it3

curve for a whioh could be

interpreted to oonverge to zero above 1 ev (sea Fig. 1). It is therefora

@t present not h dieagreamcnt with experiments to a ammo a . 0 in plutonium

for energies at which the etrong resonanoe hae no influehoe.

. .

,,

..— —_m-~=
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III. Uranium (255) Cross Sw.tiona—. ——

Tha mcamrements of the total and fission oros8 seotion in T?35

performed by !&Daniel and co-workers in LA - l%f3with moro aaouraey

the plutonium measuromezdmbeoause of tba absemoe of the strong a.aotiv-

fis8ione The ratioCi of

in the low.enorgy region

nuaber of reaonanoes, both in ~bsorptioa and in

oapture to fi8siuu Gould be do%erminod dlreotly

to bo a .0.17 independent of the energy, within

the aocuraoy of the

seotion was assumed

baaia, it WM found
1

measurement. At higher ener&y~ thelseattering oro66

to be equal tithe one of l?55whioh is 9.2 b, On this

that a could be as8umd constant w4r tho oo-hplote

region of observation (0.200 ew) with a few remarkable i?xoeptione. They\

oonaiat of tm resonanoe levels at 2 ev and 4,8 ev. TMMe I&rels 0.0not

owmr et all in the fieaion oross aeotion but only tn the absorption

oros5 seatlon,

to oapture and

MoDanie18 shows in IA - 158 that theee levels really be-

The absorption of a neutron in these.reeonanoes Ieada only

not at all b fis8ion. It is not exolud6d that similar

levels exist at highez energies too. ~he leek of rosoltitionsmuld =ke

the di860very impossible.

-—-. . .

.—
~ .-
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IV. Theoretical Interpretation

In order to explain aome,of the features

-~.- L

deeoribad before,

especially the behavior of the capture-to-fie8ionratio, we proposo

the following asmmption? In general, neutron remnanoe leve16 show

approximately equal properties in respeot to fiaaion and oaptura, The

wOue of the fission breadth ~f and the oapture breadth ~r is a 610wly

varyinr i’unotionof the exoitatioa !mergy of’ the oompound nuoleuo, m

Bohr and Wheeler have as&med. 5%6 ratio’la expeoted than to be almost

the same for~ll Ievela within the energy region disoussed in this report

(O to 200 ev neutrcn energy). In oontra6t to this, however, we have to

a6aumo in view of th? experimental evldenoe in U235 that thero oxiaiw a

numlmr of ‘exeepthnaln levels whose fi8sion width is exoeptiona?ly low.

Since 6 in *35 is normally 0.178 the normal ratio oi?~f~ ~r

in U% is about 6:1, whioh gives rise to a total width r= rf + T,

of about 7Qc If Fr 2s +smamedtobe of the crder ofb.1 ev one get8

a kota3 width of O.? ev whioh is sornwhat higher than the obaorved widths

in reeolved 16vels of &$. Hovmver, a value Yr+O.CFj id not exoemsively’ “

small ootnparedto results from other elemento arxithe subsequent value

~ zO.35 ov is inline with the observations. Thotwo exceptional lavele

at 2 ov and 14.8ev must

in order to exp?ain the

orom seotion ourve.

have a fi8sion width F at least fifty times smaller

failure of these resonances to a~pear in the fiaeion

w now

the work of Bohr

apply tho8e as8umption8 to the uaae of plutonium. From

and ?Jheoler,one shou3d oomludo that the oompound nuoleua

the neutron absorption of plutonium 6houlclhavo a lower

APPROVED FOR PUBLIC RELEASE
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flmaion throehold than @Aaroatod after neutron absorption in &35.

The f%auion thre6hold of &b should be just a little ~der the exoita-

tiQn OXlOl?gy~ whioh is delivered by slow-neut.roncapture in #55. (~ “

3.8the binding energy of the neutran.) %hia ia aobeoause of th faot

that the fission width for low-lying Ievols is not very”muoh Imrgor than

the radiation width. Thh unusually sumll value of the flsaion width

indioatea prOXil?lityto the fiBSiO?ithreshold. Pu240 difY0r8 frcm $36

by one a.partiolo. Its relat5vo proton-neutron ratio ia therefore

eligh%ly 1arger; khis should oauee a larger readtiess to undergo fimion.

1%~ therefore, should expe@ a larger Mad on width for equal onergieas

The experimental evidenoe of the well

Pu seems to contradict this. Its fission width

age fis6ion width in $3% The latter one is

widths of the I&q-larels whish 56 about 0.3 to

known fitwong rezionanoe in

hi smaller Man the aver.

about equal”to the to~i

0.% OV. The fis8idn

width of the Pu-resonanoolevel is 1A + a)-times its tbtal width which

Wilounts to about o ●j Ovs

We propoue to aplain t!lisciiaorepanoyby assuming that the

strong reaonanue ]evel in plutonium i8 one of its ‘Omepiioml” Iavel #

with an uauma~ly Sm311 f?iBSionwidth. It iE 811ppCJsedto

nature aa the two levels at 2 ev and ~.8 &v in &5$. ‘h&

width in I% for slow neutrons h assumed W be many times

be of tho same

“regulars fiesion

larger than the

radiation width as claimed by the theory. We shou3d therefore axpeot for

any normal level a value of a very n+xirto mro. If we QE!81xR0 the saqe -

ratio between the fission widths of regular and exceptiorial3evela (about

%0) OM WOU1d expast a total, width of about 2 to ~ ov for the reg~lar l~el S.
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The present Oxperimentctlz’eeult8on plutonium or% not in di8-

agreawent with this aecnnxption.

are M8!M_#?JdkO be X’OgUlarones,

The baokgromd mom motion q

resonanoe is supposed to be the

should thex’oforealso show cc=

~anduf sUppOrt8 this. (Xn

Tho observed valm of a in tho

Sinoo t!xjresonanoe at 12 ev and higher

they should be broad and have an a m O.

of the lheit.Wigner ehape of the 0.3-m .

tail-effect of broad regular 1eve18 and

3,* The faot that ~ h about equal for

the lum-emrgy region o = (u~,}uf). 1.)

low-energy region is t’he oonibinedeffowt of

the resonanoe 1evel and the background. On@ oan separate the e ffeoto of
.

background and reaonanoe by assuming that the a perta”~tingto the resonanoo

h equal to & value ar and that a ia zero for the baok~round,. ?/o thm

get for the obsorvod u:

One oan obtain a= by fitting this expreeaion to the valuo at the center of

rowmanoe whero a S.salmost equal to ar and one obtiina u= . 0.90. fie

polnta obtained frqu(l) are shown in Fig. 1. The fit iG as’ good as one

oan expoot from the experimonhl aoouraoy. Thuse the propoasd explanation

is not dispa’oved by the ob8ervatione.

We will not attempt to give an explanation to the exietxxwe of

these exceptional lauela. We restriot oupaalvos to the mot t’hatthey have

boon.obsorwed. There my be aoae typrj of. OXeitat ion tifthe XNJO1OUSfiioh

1
does not lead eQaily to fisslon. It -a aometiwa proposed lm disttiguieh

two group8 of levels aocording to thu way the spin of tho neutron adda
.

~- -- ”.: ..

●

to

.——
Y

.
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the spin of the bombarded nucleus. If the spin of the yombarded XNJO1OUS

ia 1, the levels oreated by alow neutron absorption fall’into two groupu:

the ones witha @n I +1/2 and ~s ones with I . 1/2. One ray be tempted

very- in numbers whereas tho ratio of levsla with I +11/2 to tho ones

with I- 1/2 should ba.of t’heOrder (I +1)/(.I - 1). ●

\
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Beoause of the si~alfiaenoo of tha oa@re-td=fission ratio in

plutonium~ experiments should be made to wove or dismwve the aeaurnptiona

made in thi6 paper. ?he followinE investigations sugflqatthemelvtmz

1.) Reflnernentof’the vo~ocity.aeleotor snetliodoould set~lo

the queat50n whether the 12.ov ~~imum in tho F& eroea eeotion i8 one broad

reeonanoo or can be resolved into e number of narrow OSOS. Aoaording to

the hypotheai~ of this properths width8 of ‘regular” ltlvelsin W should

be a% least a few ev.

2.) More eoourate measurements of fission and ~baorption cross

seotims in the neighborhood of the msximum of the 12.Qv remnan.oe should

be made to obtain a reliable valua of a at that enepgy. Tho value of’the

woos seotlon at that enwgy ia aci high as 120 b so tF~t the error due to

the unknown s~tter$ng oross motion i8 mither mall. “Themeaauroments of

MDaniol (IA-1%8) are only of exploratory nntum and oould be improved ooa.

siderably, especially by a ohoioe of thioknesa of absorber suitable for that

energy re~io.n.

3*) +%aurementa of the soatteringoros6 seotion of Wwould

gr6atly help to interpret the present measuromnts. Ox&Iythe therml

eo~ttsring aross seotion is known and it io not justified to m8ums that

the scattering oross aaation in the region above 1 w +6 equ%l to the

thermal one. %is is beeauae the infYumoe of the remmancm on the ric6tter-

~. is stil~ too large to beneglooted

anmly6is: tho scattering cross section

as can be seen In the fol.1owing

Is given by tho followlng excu’easion:

.. .

%~s...——,——.
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Here f is the statistical faotor

I

(2)

where I is the spin of the bombarded nuol ems and the upper or lower sign

is valid when the epin of the comnound state ~de at re~onanoo is I + ‘
F

or I - ~ respectively. ~n 8m r are the ne:rbron~d tho tOtal width
2

re4peotivoly;~n if3proportionalto E, pl and ~ are ttiopotential scatter-

ing amplitudes for the two possible spin orientations. !~ belongs to the

spin orientation which gives rise to theresonanoe at 0.3 ev. Thero is good
.

thmretioal Feason to assume that the pi are re.a3and cwoportional to E1/2

over an energy region large oompared to the level soao~g. pl snd’~ should

be almost equal.
.

. Far from resmanoe the scattering cross seotlon should assume

Us~p) (potential scattering oros8 seotion);

(3)

experiment indicate that o’(P) is near ~~ R~ wilereR is the

radius of the nucleQ8. This gives for plutonium a value of o~(p) 12 be
,.

The absor@ion orocs s~otion Ua . Cf .}Ur in~tha noi~hborhood

of resonance is gives by

Rf lX
‘a =Uf+ura

(E . E$ + (372)*

where ~ is the background contribution which

+U ‘El (4)

is negligibl~ near resonanoo.

i:eoan”use these formulas to express the thorwl scattartig oross seotion

in terms of the resona~o value 00 of’ Ua (1’IOgleOkingT OOma~l$edtO ~~ h

APPROVED FOR PUBLIC RELEASE
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denominator, and aosuming p~ - p2 ‘=4%) :

Vh9m

.

u~ =4# (1 - 2C + c%’) (5)

(6)

by using for a. the maximum value of at 6inoe the soatterfng man b e

neglooted at resonanoe. The first order sorreotion to the potential

ooatterlngvalue does not depmd on f and is about 20 . If one cxxnparee

thio rewlt with tho experlmmtal veluo of 9.8 b as meaaured by Fermi@

one wmald 00X1O~UdOthat a.(P) = 4~2 ehould be 12 b$ whiph ohcmka with

oar assumption of R = l~laom. Formula (6) also ahowa that the influenoe

of the 12A3v level would be v~ry muoh smaller mainly beo~use of tho

fmd ler vfiduo of ae q This oomputetion is not good ano~h to oonolude

that the 8oattering orosa Eeetion further sway frcm r e80Xnoe should be

32 b as it would foilow from

not be reasonable to use the

motion above 1 twm

Msa6urmsnt8

~2 8V WOUYd therefore

of a. . If theme valuee

the oaloulation. It only

therml valuo of 9.8 b as

of tk scattering erosa aeotion

ShOWOthat it would

@he $oattering orosa

in the region above

be of groat impartanoe for ths d$reot determination

are available the oapture to fission rakio oould

be determined direotly, withcmt my referenoe to theory, froraaQouxete

vtiues of of ~d at:

Uf

Saatter@ oross sootion measurements could be made with the ml ooity-

8olmtor method but, so M, have never bom a ttompted. !

.

—.
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