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me 25 fission cro8E?section &250 I@v/ul IMev

and -600 Kev / -I

U target bombarded

at 30 Kev is about

Mew have been determined by use of the Be7 activity In a

with protcms~ These measurements show that the uross section

30% lower than the value found in the old long-counter

I measurements (LA-MO): Absoluta valuee of G250 Kev ~ T600 Xev and ml Mev

have been determined by Mn bath measurements of the flux from the Li (pn) reac-

tion am verify the valuss found by the Be7-activi-tymethod.
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??ARTX - FISSION CROSS sECTION RATZ@ BY THE—.

Be7 MEMKD

INTRODUCTION

I Long-counter1) extrapolation of the 25 fission cross section from

1 Mev to low energies ccmbined with measurements2) ~~(B)/@~(25) and

I &aLi/G#25) makes the shapes of the Us(B) resonance at 100 Kev and the
\

I r(Li) resonance at 260 Kev difficult $0 understand theoretically and thus
a

1
I thross doubt on the low-enex~ fission moss seation. For this reason special
I
I emphasis has been placed on measuring the ratio 5f(29 Wv)/Gf(l Mev)

long counter. The method used in this

flux of neutrons from the Li7 (p9n)Be7

the Bs7~ The reaction goes as follows:

I accurately and independently of the

exwriment was to monitor the total

reaction by the Q-day ~ctivity of

I
7 t’

Li+p+n+Ba ;

BeT--%d Li7+ek about 90% Of the tine
7* ~

Be7 %d Li +8 about 1.0$of the time

Li7>Li7+hV; 430 Kev~ray

Thus if the b~anching ratio at Be7 remalne independent of the proton energy. the

~acti.vity of the Li target determines the total numbex’@ neutrons emitted

during a given bombardraent~ It ehould be possible to make an absolute determi-

natian’of the branching ratio and number Of~9s0 and thus the total neutron

yield. by counting
f
ray end k Capture x-ray coinoidonces. Another way to

find the ab~olute neutron yield would be to make e spectrochemical analysis for
.

1) IA-150 -–!!p-
2) Ibid.
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the 41-day Be7 produced in a thiuk Li target given a long proton bombardment.

I one can estimate that a target of about 6 mg/cm2 (thick for 2.3-YQv protons) Li

banbarded at 30#a

protons would &iVt3

{s5%) measurable

on the short electrostatic generator ‘for10 hours with 2.3-Mev

about 3 x 10+ gm Be7~ which should be rather accurately

f
especially since the activity ellows a partial chemical

separation to be made with $ocd knowledge of the fraction of Be
7
left in the

extracted sample. The~ray activity in standard conditions ccinbinedwith the

chemical Be7 determination would give the@s/neutron and this number would

then apply to all thicknesses of’”tsrgetosince thin targets are used for fission

measurements. Ueingthe~activity/neutronthecmpletetotal-yieldcmvefor
.

the u (pOn) reaction could be determined absolutely.

Since Koontz~s3) measurements had acoumtely determined the absolute

25 fission cross section at 1 Mev it was d’ecidedthat the most immediately

useful measurements would be cross section ratios at several different energies

to the l-l,levvalue using the Be7 activity as a m;onitoronly.

MEma)

‘?@ experimental prOCedUre was as follows: For a given Li target the

fissions in a 25 foil per~oulomb of ~rotons were determined for foriard neutrons

of some energy; the net~-ray activity for this particular bombardment then gave

either the~qs/flssiOn or~’f3/~oUIM SiRCe

the total neutron flux it was then neoessary

measurements during which the#’s/&oul were

the
&
-ray activity is proportional to

to make an angular distribution

frequently determined to maw sure

there was no deterioration or other”change in the target,, Frcm the angular distri-

bution the fraction ~of all neutrons going through the fission foil in the

UNCIASSIFIEB I
\



-5-

forward direction was found. -The same procedure at 1 Mev ‘theng ves

~En isthei%a.==~?here(~/&)jj are the fissions/activityat the energy En and
n

tiGn of all the neutrons going through the foil, es found from the angular dis-

tribution,

Special emphasis was placed ondeterrnining rf(29 Kev)/&f(l Mev) sinoe

at low energy the most deviation from the long-counter duta was expected.

A 29-Kev measurement was especially adaptable

tum relations in the Li(pOn) reaction just at

come out in a very narrow cone in the forward

to this method because the momen-

threshold cause the neutrons to

direction; if nw either the

energy is controlled well enough to keep a fission foil exactly in the whole

cone, or ii’a very uniform foil is used and the cone al.weysconfined inside its

areas then no angular distribution measurements need be made, elnce all the

neutrons pass either through the whole foi10 or all pass throuph a portion of it

I which is OS?known thickness. The second methcd was followed since it is much

aasier to prepare a uniform fission foil than to hold the proton energy constant

to the degree required.

Fig. 1 shows the two methods used to measure the~ activity. A thin-walled “

Geiger counter of tha Chicago type was mounted in al-inch-thick cylindrical

lead shield and 6uspended from a trolley so it could be rolled on and off the

target tube~ which entered the Pb shield through a l-3,’4-inchholeo ~o

standard counting positions were used depending on whotbez the large rotating,or

small$ fixed Mn-bath target was In place. The #intensity after passing through

10 roilsOf target backing material (tantalum)was IarSe in most cases but several
~=’=-=z

runs could bo made on a single target before the activity w

I
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entirely fresh Li bad to be ev ose cases where low activities were

expected, es in all the 29-IfevdataO even the ‘labacking was replaced f’oreach

run sinoe for these thin Li targets the Be7 center of gravity energy is suffi-

cient to cause it tO stick to the Tao

‘l’hefollw$;ingchecke were made to assure that other reactions were not

7confusing the Be activity measurements:

1) the tantalum backing was hcmbarded at several energies above and ‘

below the Li{p,n) threshold;

2) a Li target on Ta wae bombarded with protons of energy just below the

Ll{pOn) threshold;
.

3) blocks of metallic Li and Ta were given strong neutron irradiations

at several energies including thermals;

in none of these experiments were any activities observed of appreo>uble

intcnsityo It was, bowever~ found that for those irradiations mede in the Mn bath

[see bel~s) several inches Of the ~argat tube also bad to be made of tantalum

since the iron and aluminum previously usad became appreciably active in these

strong slew-neutron fluxes. TM activity of a strongly exposed target was

followed for about 80 daya and no lcmg-perl.cdactivity othor than the 41-day

w“asobserved..

‘I!heobservations made at neutron energies other than 29 Kev were as

follows: The fissions from thin and uniformly deposited 25 foils were observed

in the forward direction a half angle OP 11° being subtended at the target

by foil RF!ilaxd 11°35’ by Toil PxP34A4ca Tbe net x activity was measured immod-
(f

iately &ter the exposure, several on-off readings being taken to ass~*e accurate

~laceman~ of the target, checks on short-lived activities, and on backgrWUd; all ‘

—
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fissions/j@oul with the same or other foils ~~~ous angles on

both sides Of the target. the net activity par~oul being observed several

times; direct proportionalitybetween
P

otivity and proton current showed th&t

there was n6 a~prociable change in the target while the measurements were made.

lhe angular distributions as observed bed to be corrected at large angles for

the char<e in 25 cross section. This aorrectioxz”isvery small for the 1 b“ev

data but &Fpreciable for tbe lowest enarpies and will be discussed in detail

belOW~

For the 29-i@vdate~ the proton energywa~ set very close to the Li(pOn)

threshold and the fission chamber put as close to the target es possi~le, about

1/4 inch; small fluctuations in proton ener~ would then csu8e bursts of neutrons

to Fass through the fis8ion foil, but the fluctuations were never allowed to

beccme lsrge enough for the neutron cone to go outside tbe foil. This latter

effeot was checked on the long electrostatic generator, where the energy control

is least steady, by ~uttinc the fission chamber at about 45° frcm the center

line; m a~preciable number Of fissions were observed. Img exposures were

necessary at this energy because the total number Of nelltronseand therefore the

~ activities are small ccmp.red tO the high-energy data.

The first mewmrements Of Cff(29Kev)/~f(l Mev) gqve a value for the

29-Kev oross section about 257$lower than the long-counter extrapolation; it

was decided to make Ma-bath ccmparisona with Ba7 activity for the same exposures
.

to be sure no unknown effect waa causing the difference. The MB-bath method of

determining neutron fluxes is

the bath can be calibrated by

method of determining rf(29),

7
essentially identical to the Be ad in addition

a known neutron-source. The threshold tickling

however~ is not applicable to the bsth .sineothere

1s no method of rriemwring fissions, tk bath surround
4

posure.

%~
--
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Ratios of Be7 to tinactivitieswore determined for

and l-Mev neutrons in the forward direction; these

==am!!
29-Kev0 250-Kev0 buu-lC3vo

ratios were constant within

the limits of error in the

same quantity~ i.e.s total

RESULTS

experiment and showed that both methods measured the

number of neutrons emitted.

?’
Table S ~hows the ratio of Be activity to M-bath activity for the same

exposure at a number of different energies~ It \Yill be seen tht there is*6%

mean deviation in all the ratios; thiss bowevero arises mai~lY fr~ s group of

measurements which showed a definite drift in times independent of energy; thus
,

the l-k!evdata on target 8 gives a larger ratio than that on target 2 indicating

that the 250-Kev data of target 6 Is also high. The 6$mean error is not normalized

to the drift Indicated. The Be7 activities could not be accurately determined

since only short exposures could be made with the Mn bath on the target; when

successive exrosurea were made on tiiesame terget the previous activity became

_’baclcgroundfor the following one also increasing counting error. The error of

6047$Jis within the slxstisticalcounting error of my individual exrosure~

At this time comparisoaa were &tlsomade of the target activity per
P

oulomb

of protons with Mn bath on (i.e. in slow-neutron flux) to bath off at forward

neutron energies of 250, 600 and 1000 Kev. It was found that the average of all

runs (about 10) gave a 6$ higher ecti.vi&yFerpcoul for bath on than bath off;

this was assumed to be the long-lived activity in W and since it was sO small for

a very large slow flux it was not considered at all importent in the usual procedure

of finding the activity, i.e., with no slowing-dmunmaterial present at all.

Table II ShUbVS the results for five 8eparate runs to dete??mlne

/r
79 Kev 1 Nev “

The conditions, which were widely different in many cases,.are

Mskod. Using 1033 barns for the 1 Mmcross section, &2901~ev%?
-

. -
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where the error indicated is the mean deviation in the 5 runs. .e-
/-

error may be around 5% since the measurements also Involve the l-llevan@lar

dlstxibution~ These data were taken carefully with respect ‘togetting good

countlslgstatiaticg on the small 29-Kev aativityo Fig. 2 shows the @rcwth of

activity with exposure for both 29 Kov end 1 Mev in Run No. 1.

The oross section of 2~30 barns is only 71% of the lA-150 value of

3.24 barns; this latter value has a probable errOr Of approximately 10%~

Zn order to obtain the 29-Kav cross section the l-!!evangular distribu-

tion must be known~ as outlined above. In Table III*are shown the angular

distribution data taken with a fission foil whioh subtended a half angle of

11°35’ at the target. The observations consist of fissions per microooulomb of

protons at the angles listed; at each angle the neutron energy is given and goos

dcwn to 345 K6v at 180°~ ‘TM N30°-va2ues are from an extrapolation of the data

in circular Coordinates which is quite gOOd~ For each of these energies tbe

CI?OSSsection according to IA.-15OIS used to dete~ine (~/ )= Y, the true
&

angular distribution. The change in cross section with enor$y is small in this

energy xegion and probably quite accurately k~own; in any case the yield at

large angles is affected most and here the number of neutrons is only a small i’rec-

tion of the total. In Column seven are listed some early data taken at a closer

distance &nd normalized to those In column six at zero degrees. It has been

fowd4) that the angular distribution frcm the IA(pOn) reaction can be fairly

well represented by

Y“{Q~E)= AI-B 00S W-C COS2 6*

where V is the yteld in the canter of gravity system and Q’ the center of gravity

4) CF-638 -



proton energy. in column eight are listed the values of Y In the laboratory

system obtained by determining AD B and C from the center of

0°, 60° a~ 150°; the fit to the observations ie quite goOd.

Y! sin e! over the engle subtended by the detector one finds

gravity anglen

By inliograting

the fraction of

neutrons Fassing through the foil at 0°, since the total yield on this basis

2A+(2/3)C. ThiEJfraction is given in the table together with th~ fraction

011

is

determined by a planimeter integration Of Y sin G from the actual observations.

In all cases the @3~i~J~~8r integrationswera used to determine the cross sec-

tion ratios. Fig. 3 shows the angular distribution Y and Y sin Q for

fln(ave)=1000 Kev et 0°0

l’u,blaa’IVand V, i“espectively,list the anRular distribution data for

6(.?0Kev and 250 Kev forward neutron energy. similarly to that for 1 l!ov~ In the

60C1-Kevdata it will be seen that in addition to c

fission cross sectionO an assumed cross section is

begin6 to fall appreciably below a at about
L&L-MO

about the minimur neutron energy for Ens 1000 Kev

minimum neutron energy Is still 160 Km at 180° in

therefore the fYaction in the foxward direction is

correction using the 1.A-150

also used; this latter CZ.&

380 Kev chosan since thie is

forwarde Since, however, the

this case the total yield end

not appreciably affected,

Thus 2~77% go into the 11° half angle assuming LA-150 and 2.70% assuming ~

The flt obtained from Y=l~021*0.796 cos @+O.1125 cos2 @ is quite gocd and

gives 2.S1% in 11° half angle. Different fission foils were used in these data.

TO compare angular distributions multiply the I-hlev

alsO As B and (20

Table V contains still a third cross section

yields by 8.65 and therefore’

~zD aasumed for correcting

the observations with the fission detector. ~b begins to deviate frcm e of
G I

LA-150 at about 160 Kev chosen sine

*h:rn&=m ‘ner” ‘or.— -~__—“—
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En(ave)= 600 Kev forwardO and passes through the Be7 crose section earlier ob-

tained for 2$&lEev. The fit from Y’= 0.3179 - 0.0684 cos Q’ = 0.0205 COS?’ 13t

is not very good, but gives 1062j17 in tho 11° half angle using the &l eorrection~

Planimeter integration gives 1.90$ assuming rU50~ 1.68$ assuming cl and 1.64$

assuming ~. K’igs~4 and 5 show Y and Y sin Q for 600 Kev and 2S0 Kev for thOS8

vaiues of 07

‘TableVI lists the 600-Kev and 250-Kev fission and activity data; these data

were not determined with the accuracy of the 29.1- and 1000-Kev data since the

29.1-Kev cross s.ecticnobtained by the Be7 method already indicated that there

would be an ambiguity in the angular distribution determinetionso espcially at

2..50Kev where the beckward neutrons have an energy as low as 23 fiev.

h !IableVII are given the values of tke cross section as determined from

the ratio to 1000 Kev and the fraction~of neutrons falling into the 11° half’

~.ngie.sccordingto the various assumptions as to the variation of ~wlth awle.

At 600 Kev 8ithf.3rchoice of cross section vtiristiongive6 about the same ~alc

with ~erhaps .aslightly better fit if &of IA-MO clear down to 23 Kev is much the

worst of’ the three9 deviating by more than 20% frcm the 25C-Kev value given in

Ls-1500 ‘lhechoice of ml or ~2 give a~~roximatel.ythe same answer. with ~

perhaps slightly better. Qthough these data do not at all serve to detxwxnine

the 250-Kev I’ls&ioncross section accurately, they indicate that an aesumed cross

section falling below o-of LA-15Q from about 160 Kev on and passing throu~h the

13e7value of 2030 barns at 29.4 Kev gives a much better value at 250 Kev than the

r of IA-150 ourveo Thus the 250-Kev data here obtained serves maitiy to cor-

roborate the 29.1-Ksv data without establishing the trend of the fission cross

s8ction olosely. Unfortunately, only the shapo and not tl!aabsolute value of

cross section ie important In the mgujl. qtli~tribution..—EMT+ 6 SIIOWS 0- of IA-150
~--~

—-
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mit the Iwo assumed cross sections @ lot are shown the

values of the fission cross section obtained in thi~ experinent~ The 29~1-Kev

value is shown with the mean deviation Of 5 different runs. The 250-Kev data have

a mean deviation of 5% In 1~/&from 3 short .runsOand the 600-Kev data~ 2~5~ in

l’/@Wm two ru~s; however, because of the ambiguity in engula??distribution and

the fairly large statistical error in countin~ the target activity these
#

points are plot’ced.witha 10fierror.

It is believed that the value of’ /r
%9,1 1000 and thus m here

29.1 Kev

determined is quite good and the expected error much smaller than the difference

7between the Be value of’
99 and the IA=D150valueo There are three effectsc

which if important~would make the observed fission couht at 29 Kev tco high and

thus make

obliquity

1/4!’from

above the

‘he ‘otomined%9.1
even too high; those effects ares 1) the extreme

of some of the neutrons striking the foil when the foil is about

the tar~et; 2) the presence of a very SICW group of neutrons sliuhtly

Li(p,D) threshold; nnd 3) the presence of a slow-neutron room background.

In addition, gqr 10SS of target material would decrease the activity and thus also

give too high a value to Y,’y; this waa checked several times in any one run by

plotting activity against proton current and found linear in all but one case. The

one effect at 2901 I&v which could make the crose section seriously low is that

iu the threshold ‘~tickel”the energy fluctuations above threshold could be large

enough to throw the edges of the neutron cono outside of the fission foil; this

was checked by placing a detector at 45° to the tin-getand operating as in

taking the 29-Kev.datao It wa~ fcnmd that under usual Operating conditions VeXy

few neutrons got outside of 45° and this was not considered im~ortant since

the foil ut~uallysubtended a half angle oi’about 60°0

5, with a long counter adjusted fOr deviations fromRecent mf3asurem9nts

5) Bailey - in’~rogresa~
—

.——....—
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flatness indicate that mp9 ~av given abOve is ess ~-~=t

.

tbe energy dependence of m lies somewhere between ml to ~2 in Fig. 60 Exper-

imental) using an Sb-Be source also indicate that the low value at 3(JKeQ is ‘

correct~

The effective

be between 30 and

threshold the energy

30 I&v.

energy of’the neutrons In a threshold tickle should aotually

35 Rev for a l/v detector depending on how high above

fluctuations @ but ~ obtained here ‘hasbeen plotted at

6) Seagondollar and Ik.nson -Monthly Report of R Divisione SeptemberO 19450

o
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En (~”) &7 Activity Mn-bath A.ativitiy Be7 Activiti
(counts/20rein) (counts/rein) Mn Aotivity

29 S3ev

1 NW

30 Km

1 ?&w

250 Kev

250 Kev

250 Kev

1000 Kev

1000 Kev

600 Kev

241

590

262

257

50.4

228

296

264

250

341

34.98

82.7

3700 9
(counter banged )

3406

5.97

26.7

36a7

33C.3

32.4

4704

Simple Ave s

6.91

7014

7009

7.46

8.44

8.55

8.07

7094

7.74

7.19
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-F”

Fission and Activity Dete

b600-Kev neutrons foriiard

Run # Activity= ~ Fissions F/& (F/~) ave
COunts/20 min

1 381 4200 11OCJO

2
10.7O*2.5%

520 5450 10.48

250=.Kevneutrons forward

1 358 2378 6063

2 370 2410 6.52 6e35k 407$

3 778 4590 3.90

1000-Kev
several runs 803a 8038

wd~%= 4 000 I&Iv

n n x
~

x 1033 barns

‘F’~)1000 Kev
n

—. ————. .——-----.-— —
.
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