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ABSTRACT

The ralative fission oross-ceoGion of 02 %o 28 hes been 1easursd
as a function of ncutron enorgy in the range 1.2 to 2.0 ¥ev with cie other
waluo at 3 deve The 02 threshold is found to be about 1,17 Mov. Voaluos of
0p(02) are detormined from the Wisconoin moasurements of op(28). 0p(02) rises
t0 about 0.1 barn at 1.6 Mov and shows a minimum of about 20 oroent noar
1.75 Mov. Tho high enorgy rpoint indicetos a levoling off of the oross-ssotion

above 2 Mev.
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MEASURENENIS OF o¢(02)/cp(28) AND THE VALUE OF op{02)
AS A FGNCTION OF KEUTRON ENERQY

Previous measurements of tho fission cross-section of thorium hsve
indioatcd that it has a threshold near 1.2 Mev-l) and risses rapidly to o valus
of gbout O.l1 barnsz). The preseat measuremonts consisted of determining the
ratio op(02)/op(28) as a function of neutron ensrgy, tho thin foils of theso
olements bsing placed in the same parailel~plate isnisation ohsumber and simul-
Yancously irradiated by mono~enorgetic neutrons fyom the Li(p,n) reection.

The multiple-~plate ioniszation ohembor shown in Pig. 1 was used so
that sufficient O2 oould bo uscd for a reasonable counting rate. Four 02 foils
plated by Hrs. Be Long, each ~17 mn in diemeter contained m total of 1.840 ng
of 02 detormined by woighing, Two one inch foile of 28 which wore at hend gon~
teinad a total of 1.823 mg 28; the meierial in these foils had been doploted
and conteined a total.of only 0.87§ of 25. Thoso six foils were mounted on the
plates of the ionigalion chamber as shown in Fig. l. In order to minimize tho
offocts of slow neutrons on tho remaining 25, glass insulating rings were used
rather than lucito whioch oontains hydrogen. Nearly all the chambey was oone
atructed of alunmirun o reduce the sffact of f-rays as reported in IA-19. The
t@o halves of the ohamber (emch containing two 02 and one 26 foil) were each

1) 1A-19 =~ H, Tg Riohards

2) Ladenburg, Kenner, Barschall and Von Voorhis, Phys. Rev. 56, 168 (1939)
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rade roversiblo in such & way that tho 28 could also bs put outside and the

02 inside, ond during the ocurse of observations tho foils wore reversed in
order to reduce the asymustries in the geomotry. A differencs of about 10 per-
cent in cg(oa)/ag(%) was found on reversing tho chamber, consistent in direc-
tion with the ohange expeoted from the 1/t varistion of neutrm.: flux. Tho
chanbeor was always accurately contered on tho target, the distance from targot
to first foil being 3/4" 1f it was 02 and 1" if 28, 80 a maximum angle of
about 25° was subtended at the target. The oommutator srrangonont shown allowed
tho folls to ba kept on the samo amplifiers.

Observations woro made, at ewall onergy intervels, ospecially botween
1.5 Mov and 1.9 Mov, of 02 fission oounts, 28 fission counts and proton ocurrexnt
incident on the Li target. In Fig. 2 tho observed values of af(oz)/af(za)
ard plotted at the maximum neutron energy inoideat upon the foils, Tho errors
shown aro those of statlistlos orly and are approximately 5 percant for oll
points oxcopt tho first two, for which they are 8.5 percent end 8.5 porcent res~
pectively, because of the low counting rate of 02. Due to the unexpeoted
appoaranes of the minimum in the eross-scobtion of Th (ses Figy 5) nesr 1,8 Mov
repoated observations at olosoly spaccd onergies were made with foils difeot
end reversed end with the whole chamber removed and replaced one or more times
at sesveoral onergies neoar the minimum. The internal oonsistensy of tha data
takon in dirsct or revereed position is in nearly all canes woll within the
statistical acouracy. At the lowest point especially, at 1..79 Mov, repoated
observations were nade at different times, all checking very olosely.

Since tho Li target had a thickness of 70 kv for protons and &

finite angle was subtended by the foils st the target, the effactive noutron

(j)....
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energy wac some 50 kv lowor than the maximum enorgy if the response of tho

deteators wore independent of noutron energy. The angle correction is duo to
thoe variation of neutron onergy over the faco of the foil, and to the weight-
ing of thess enorgles by tho £0il ersa and the asymmetrical neutron yield. Tho
offect of to;rgot thickness 1s simply to reduco the incident proton energy by
35 kv to dotermine the average proton emergy, since in tho onergy interval
uged tho neutron yleld as a function of proton energy is nearly flet. In

Fig. 3 tho dashed curve shows 0p(02)/0p(28) after making the above correc-
tions. Since the energy dopondence of 02(02)/af(88) is not flat, a further
correction, as shown by tho solid line, consisted of weighting the energy soale
by the ratio obtained from the firat correoted curva. .

As ghoon in Fige 2 1t was not preoticable to tako dete bolow 1.25
Nov singe tho 02 counting rate was already so low. The t&oshold snergy fozj
the fiseion of 02 obtained by extrapoletion of af(qa)/cf(ze) data is 1.17 Mov
from the completely corrcoted data; the value 1.145 Mov is obtaincd if only
targot thickness and angle corrections are made while 1.22 Mev is found by
axtrapolating af(oa)/of(as) plotted at maxiwmum enorgy.

In the neution energy region up to 2 Mev, tho Wisconsin data for
op(28) were usod to obtain gp(02). The reason for this is seen in Fig. 4 where
the 28 ocounta por ucoulomb of protons are plotted as & funstion of the averago
energy. Becauee of the flatness of the neutson yiéld at thoso onorgien, ona
can obtein the sheps of the 09(28) ourve without knowing the abgoluto neutron

flux. By normalising this curve at 1.25 HMov, whero the LA handbaoks) end

2

3) ILA~1l -~ Botho and Christy
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Wisconsin values are identiosl, one finds an almost parfeet £it $o tho

Wisoonain curve, while tho handbook waluoes deviats considorably above l.4 Mov
as showm by the dashed ocurve in Flg. 4.

The LA-11 curve for 0p(28) has boen drawn smoothly through the
Wisconain datn and two D(dn) point—s“) at 2.7 Mov and 3.8 Mov neutron energy
weighting the two latter points heavily. The absoluto values of op(28) in
CF-836 and A~1540 are oloso to the oxtrapolated Wisoonsin curve if one asgumes
that the B.TMd. ¥Mn bath flux measurements and the Wisconsin (P countor measure-~
renta are both corrsct.

It appoars from the present observations that the Wisconsin data
aro essentiaily eorrcot, go far as relative values sre concerned, up t§ 2 ¥ev,
and that the curvo in lA-1l gives Loo low values betwoeen 1.4 Moy and 1.7 Mov
and too high above 1.7 Mev. A further value of op(28) of 0,49 x 10™R% o
&t a naximun noutron energy of 4.0 lMov is reported in IRI~120.

Also plotted in Fig. ¢ are the 02 counte/ scoulomb. It will be soon
that while the 28 counting rate rises amocthly, the 02 oounting rs;to (plotted
ot moximum neutron snergy) has a considorable and vaproducible dip noar 1.8 Mov,
;:haﬂing that the minimum in op(02)/cp(28) is mobually due to the 02.

The values for op(02) are shown in Fig. 6, tho deshcd curve plottod
ot maximm energy, the colid curve afier making tho necesesry energy oorrections,
both ourves boing based on the Wisconsin cf(BS) datn. The Wisconsin curve

has beon corrected for target thiokness only, but en estimateo from tho goometry

4) CF-686 ~~ NP, Hoydenburg «~ See also A-~1340
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ugod in obtaining o0p(28) indicates thé:b tho reaponse sorrection will roughly

compensate for goometry and yleld corrections. The minimum in 0p(02) 44
still olearly present, and is also present even if the LA handbook curve for
op(28) io usod. ' . '

To ohack on dbackground and ocn the offeot of 25 in the camples,
ohservations wore mado with 800 kv neutrons, first with a quartz plabe stopping
the proton beam in front of the target and then with tho GOO kv neutrons inoie
dont on tho foils. No approciadble effect was found with tho quartz in, while
with the quarts out o very smell counting rate was obtained from the 28 foil
(moh less than one porsent of the counting rata at 1,4 Hov). No counts were
obtained from the 02 foils.

A further valus of o0p(02)/ce(28) was obtained et ‘& maximm neutron
enorgy of 3.1 Yov using tho 0° noutrons from the D-D source. This source was
mads available by the ocourtesy of tho P3 group. Tho effcotive noutron enorgy
- from tho thick D target ia not known in this cago but lles aomewhere betwoon 2.5
and 3.1 Mev, Tho valuo o0p(02)/cp(28) = 0.175 ¥ .01 from ell date taken is
subjeot te somo doubt sinco reversing the orlemtation of tho £oils changed tho
-ratio in the wrong direction from what was to be expectod. Two soparate sots
of data, taken on onc side before and after ravoreai, ohock woll within stabige
tical mcouracy so tho doubt is thrown upon the other oriontation on which .
unfortunately only & single set of observations wero mede. If date from both
foi} orientations is used op(02) = 0,118 } 5 porcont barns, based on a value
of 04675 barna for op(28) extrapolated from the Wisconsin dota, while by using
tho prosumably moro reliable ratio from the checked foil orientation one finds

op(02) = ,100 3 6 percent barns. ‘l‘hdcorrasponding values based on the IA
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hendbook value of 0.9¢ fol =c§s(2:B) 2t°318« aro 0.165 and 0.159.

ladonburg ot al?) have publishod op(02) = 0.1 and cf(és) = 0.5
barns with a probabls orror of about 25 percent at 2.4 Mov effeotivo neutiron
onorgy- Thoy have also given four ratios op(02 Y/a¢(28), which aro subject se
an uncertointy in the rolative macses of their samplos, but whioh, if normalized
to the abovo absolute values, Locono 0.343 'ua:{zs at 2.12 Mov, G.20 at 2.42 !i'z:!, 0,201
at 2.9 Mov and 0.21 barns at 3.12 H@#, Theee overlap in energy the D-D poink
taken in this ezporiment, and the prasumably most relaible value of the ratio
here obsorved is. about 20 percent lower. If, however, ons assunes that their
oe(02) value is bettow than op(28) (since even tho extrapolated Wisocnain
data gives o0p(28) = 0.58 barns at 2442 Neov) then oe{02)/0p(28) = 0,172 ab
2+42 Mov, in much botter egreemsnt with the proscat data. It theorofore appears
that o¢(02) remains roughly constant above 2 Yov at & valuo sonswhers ncar
0.1 barns the moat doubtful infornmation being the valuo of 03(28) above this

energy-
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