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ABSTRACT

Measuremsnts have been made of the variation of the fission cross aeotion of

Lg, af(h9) with neutron energy for the region from 0.02 ev to 450 ev and of the varia-

tion of the absorption cross section, 6,_(149), in the region 0.01 ev to 50 ev. HNeutron

energies were determined by use of the slow-neutron velocity spectrometer. The fission

and absorption cross section curves appear qualitatively to be quite similar.

Three resonances were observed. One, which has been previously reported

(1A-91), is at 0.295 ev, a second at about 12 ev and a third at about 60 ev~. The firat

two were observed both in fission and absorption, the third in fiseion only since the
[ ]

absorption data do not extend to high encugh enorgy.

The guantity 1+ «(L9) = o, (L9)/0op(L9) in the region botween 0.0250 ev and 1
It deviates from its value at 0.0250 ev by an

ov was oamputed from the measurements.
Since the estimation of

amount between one and two times the estimated probable velue.
the probable error is rather difficult it is not possible to say whether « does or

does not vary in this region.
It was found impossible to fit the resomance at 0,295 ev with & Breit<Wigner

one=-level formula. The possible significance of this fact and of the behavior of

1+x(49)is discussed.
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ABSORPTION AND FISSION CROSS SRCTIONS OF L9 IN THE NEUTRON ENLERGY RANGE

0.0} ev TO 100 ev

Introduction

Several groups of experimenters have measured the thermal fission cross
section of 19, trf(l;9) » by comparing the counfing rate in a 49 fission chamber to that
in a 25 fimsion chamber. The accepted uluol) of cf(h9) at 0.0250 ev is 705 barns.
Preliminary measurements on the absorption cross section of L9, ¢,(L9), as a funotion
of neutron energy in the region 0.0l ev to 3.01 ev have been reporteda). These measure-
ments disclosed the presence of a strong absorption resonance at 0.3 ev, indicated that
this resonance wes present also in the fission cross section, and gave the value
1057+ 25 barns for oa(l;9) at 0.0250 ev. The experiments to be described in this report
were carried out for the following roasons. More L9 was available so that the absorp-
tion measurements could be extended to about 50 ev. Thin Lj9 metal absorbers had beern
fabricated by the Metallurgy Department so that it was possible to examine the 0.3 ev
resonance in o, more closely. It was found possible to put sufficient 49 in a fission
chamber to be able to measure the variation of d’r(h9) with the energy up to several
hundred electron volts and so obtain an indication of the dependence of

L+a(h9) = o,(L9)/op(L9) on neutron energy.

Fission Experiment

The variation of the fission cross section of L9, ( cf(l;9)), with energy has
been measured for the region fram 0.02 ev to 450 ev by use of the slow neutron velocity
selector. This variation is measured by the previously described method of comparing
the counting rate in the modulated neutron beam for a L9 chamber to that for a BF5

ohmnbor3 ) .

1) Handbook LA=-140.

2) LA~91. _
3) LA=f2. SINGE
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The chamber used here has been described in LA-158 and is shown in Fig. la i
this report. It consists of three sections; the first and third section contain 49
foils end the center mection is filled with BF5. The bemn passes through the first L9
section, then the BF; section and finally the second L9 section. Thus the neutron
spectrum seen by the BF3 chamber is almost exactly the same as the average spectrum
seen by the 49 chambers even though there may be some absorption in the plates sepa-
rating the chambera. Also the geometrical center of the BF3 chamber is in the same
place as the average center of the b,9 chambers. An added advantage of this chamber is
that alternate BF3 and 49 runs can be teken without the necessity of mowing the
chambers. The L9 used in the fission chambers was deposited on four foils to a thicke
noss of. less than 0.3 mg per om®. One chamber oontained 28 mg, the other 29 Jx;g. Each
section of the 49 chamber contained two 49 foils (the two outside plates in eaoh
seotion shown in Fig. la were not used). The plates holding the foils were st high
negative voltage; the collector plate was between these plates at a distance of 0.6 en
from them. In order to reduce the number of pile ups of d=particle pulses and so to be
able to differentiate between a~-particle pulses and fission pulses the following pre-
cautions were taken. Grids were placed over the foils. These consisted of 1/22"
plates through which were dirlled such a number of 1/2" diameter holos that the trans-
parency of the grids was about 80%. This had the effect of disoriminating against
those particles emitted parallel to the foil. Thus the most effective a pulses were
eliminated. These grids cut down the number of fission pulses detected by about $0%.
The collection time in the chamber was made as small as possible by using a mixture of
argon atl atmospheric pressure and about 5 cm of COp. Also the pulses were kept to

about 0.2 psec width by use of a delay line clipper in the grid of the first tube in

the main smplifier. With these conditions it was possible to obtain a short bias

plateau for the :E':lsasi%rlxD ISF%)\R/EB FOR PUBLI C REL égNCl"A-S@S‘If’- ;—_f:_f..
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The m‘-‘3 chamber was filled with a mixture of about 3 om of normal BFj and
with about 60 cm of argon in order to decreass the sensitivity to a point where the
counting rate was not too fast.

The actual datum taken was the ratio of G({the counts in a time-of-flight
interval) to T(the number of counts due to neutrons of all energies). Thia was done
in order to eliminate changes in sensitivity due to changes in discoriminator bies and
also to eliminate the dependence in sensitivity on the geometry of the chamber. The
ratio R of (C/T)yg (for the L9 fission chamber) over (0/7)g (for the BF 5 chamber) is
given by R = [q(hg)/o'“(a)]x where the cross sections are those for the time=of-flight
region considered and K is & constant depending on the shape of the neutron spectrum
used. Due to this dependence on spectrum the results of the experiment give only the
variation of gp(Li9) with energy, not the absolute cross section. Also when a change in
spectrum was made it was necessary to measure the relative changes in total counting
rate of the two chambers in order to normalize the results. The sxperiment was so ar-
ranged that the only ncrmelization necessary was between the low-energy region (0.5 ev
down) and the high energy region (above 0.5 ev) where Cd was used in the beam to psrmit
a faster repetition rate. In order to obtain a high enough counting rate in th.e Lo
chamber the data were taken with the chamber at 3 meters from the sloweneutron source.
the data were obtained in the usual way by taking runs alternately with the L9 chamber

and the BF; chamber. The unmodulated “ackground was measured and corrected for.

Absorption Experiment

The value of o"t(h9) as & function of energy has been measured for the region
.0l ev to 50 ev by absorption. The measurement was made with the slow neutron velocity

gelector Ly the method described in report LA-91. The ratio of counts per channel to

total counts with a BFy chamber was teken with and without. 49-sbsorbér bétween the
APPROVED FOR PUBLI C RELEA - =
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counter and the neutron source. Also the ratio of total counts with and without ab-
sorber for a steady beam was measured for each absorber. The transmission for the
time-of-flight interval considered is given by

Transmiasion = (CyTo/ColTy) A
vhere Cy and C, represent the number of counts obaerved in the individusl channel for
observations respeotively with and without the absorber, T) and T o Fepresent the cor-
responding total number of counts and A represents the total transmission of the ab-
sorber. The total cross aeotion 6, (49)=6,(L9) + ca(h9) can bs caloulated from the
relation

Transmission = o 2 %t(L9)

where n is the numbsr of atoms of 49 per cm® in the absorber.

The geometry used is shown in Fig. 1lb. Suitable boron shielding was pro-
vided so that only the beam that traversed the absorber was a;llowed to enter the BF3
chamber. The absorbers used were made of 9 metal and held in Al ocontainers. The
thickness of Al traversed by the beam was about 0.0640"; blanks consisting of this
thickness of Al were used in the "mo abacrber™ runs. The absorbers were L.00 on® in
area and of surface densities 0.0940, 0.2975, 0.366, 1.30L and 2.316 gm per cm2. The
absarber to be used in each region investigated was chosen so that the transmission wa:
between 75% and 25%.

The source used in both the fiasion and absorption experiment depended on the
enorgy region under inveatigation-"). In the thermal region the source was the tank
£illed with = mtorosa% solution, in order ts have as short a mean life as possible,
together with a 8203 absorber in orﬁor to eliminate the very low energy neutrons and so
permit a faster repetition rate. In the region above thermal energy the water 3203

teank was again used for {ission although the intensity was lower_than woyld be obtained

 NCLASSFED
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from a psraffin source. A thick sheet of Cd was inserted in front of the detector for
this region in order to eliminate thermal neutrons to permit a higher repetition rate.
By using the same source both for thermal and higher-energy measurements of op the

normalization betwsen the two ranges was aimpier than it would have been if the paraf-
fin souroe had been used for the higher energy range. For the absorption measurements

above the thermal energy range the source used was paraffin 4+ Cd.

Results

The runs taken and experimental conditions for each are shown in Table I for
the fission experiment and in Table II for the absorption experiment. The results of
the fission experiment are showvn in Fig. 2. The points ahown are the experimental
points obtained. The curve has beon normalirzed to 705 barns at 0.0250 ev. The cross
section d“t(h9) obtained from the absorption measurements is shovn in Fig. 3. The
dotted curve is g, (49) where o (L9)=cy(L9)+ us(L9). The value of Fg(L9) of 9.6 barns
has been uaedh) « The points shown are again the experimental points. For comparison
Fig. Li shows both gp(L9) v and gp(L9) .

Two corrections have been aspplied to the data. For the energy region 0.02 ev
to 0.5 ov an sstimated correction for mean 1life of the source has been made to the time
of-flight (see LA-91). This correction depended on the time-of-flight and was never
more than 6% for the fission data and never more than 3% for the absorption data.

The second correction was nade in the region of the 0.3 ev resonance for the
finite resolution used in the experiment. This correction had the effect of increasing

the value of the oross section at resonance by about 107 for 6p(L9) and by about &%

for oy (L9). WCLASS‘HED

4) Preliminary result given by Fermi in private communicationm.
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The number of counts taken for sach point was such that the statistioal prob-

-8°

able error assoociated with each point was usually less than 4%. Howaver other errors,
such as those involved in total transmission and normslization measurements, determinm-
tion of weights of absorbers, etc., also enter. Consideration of all such errors lead
to the following conclusions about the accuracy of the measurements. In the thermal
region (.02 up to about 0.1 ev) the absorption curve is probably good to about 2.5%.
Several measurements, the one reported in 1A-9l as well as two not reported here, gave
results varying by 3% or less from that shown in Fig. 3. The same error can be put on
fission curve. In the region of the resonance (0.l ev to 0.4 ev) the measurements by
themselves are as good as those for lower energy. However errors such as are associ-~
ated with total transmiasion of absorbers, for example, aocumulate from one energy
region to the next. Thus we believe the ratio of the cross section at resonance to
that at 0.0250 ev is only good to +7#4 for each of the fission and absorption curves.

In the rogion of low oross section between the'O.B ev and the 12 ev resonances the
figsion counting rate was small so that statistics are not so good and any background
would be more important. It ia felt that the fiseion curve here is good to sbout +10%.
For the absorption data in this region the transmission was generally rather high whioh
tends to make the computed oross section inaccurate. Also in this region the scatter-
ing cross section is of the same order of magnitude as the absorption cross seotion.
Thus percentage errors in o, (L9) are larger than percentage errors in the measurement
of o(Li9). The error here is probably no less than £20%. In the higher energy region
the resolution for both measurements is poor; the fission counting rate was low; the
transmission of the absorbers was too large. As a result the values here cannot be de-

pended on to give much more than a qualitative idea as'to the cross sections.

e wmass sy
[P
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From the curves shown in Fig. !} we see the following significant features.

il

Discussion

The absorption and fission measurements are qualitatively quite similar. There is the
strong resonance at 0.295 ev which was reported earlier (LA-31). Two other resonances
are also obssrved. One of these is located at sbout 12 volts while the other is found
in the region of 60 volts. The latter resonance was observed in fission only becsuso
the absorption measurements did not extend to sufficlently high emergy. The position
of this resonance is not very well determined because of somewhat uncertain timing.
This results from the fact that measurements were necessarily made at a short diita.nce
(3.0 m) where small absolute timing errors produce a rather large error in the energy
asaignment for this energy region.

From the curve we find that the absorption oross section at 0.025 ev is 1035
barps + 25 barns. The oross section at the resomsnce for absorption is 5600 b +250 b.

An attempt was made to fit both the absorption curve and the fission curve
with a Breit<iigner one level formula at the 0.3 level. The results are shown in Figs.
5 and 6. In Fig. 6 the dotted line shows the value of ¢.(v), while the two solid lines
shos the results of two attempts to £it the curve. Curve C fits the experimental data
in the region of meximum cross section, whf.le curve B attempted to fit the data at both
resonance and s lower emergy point. In Fig. 5 the corresponding curves are shown for
the absorption data. It is quite a.pp&renfthat it is impossible to choose a Breit-
VWigner ourve which fits the level over a reasonable renge of emergies about the reso-
nance. The physical interpretation of this feature is rather difficult. It is not
esertain that the simple Breit-kigner formule should be expeoted to predict the behavior
of -such a complicated process as fission. However, if one does expect this formmla to
apply to this case, then in order to explain the observed shape of the cross section

LD G
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curves, one must assume that the oross section is the sum of two components, one of
which follows the Breit-Wigner curve, while the other is same slowly varying functiom
appearing as a background. A further discussion of this will be given below.

In the region of exact resonance, the Breit<Wigner curve vhich seems to £it
the absorption data best has the constants, ¢ max=56°° +250 barns, r (full width) =
0.097 ev. A choice of [* which is 10% different from this one produces a £it between
the experimental data and the Breit-ligner curve which is appreciably poorer.

The ratio of the cross section for capture with emission of radiation to
that for capture \;rith fission is usually denoted by the symbol o. Since the sum of
the cross seoctions for capture with emission of radiation end for fission is equal to
the cross seoction for absorption, the ratio of the absorption to fission cross section
is 1 +«. The experimentally determined values for 1+« are easily obtained from the
curves of Fig. L. In the region above 3 volts, the determination of this quantity is
very poor. This is mainly due to the inacouracy of the absorption measurements. Be-
cause of the inaccuracy in the determination of l1+a for the region above 3 volts, its
variation for this range was not brought under consideration at all. In Fig. 7 we have
pletted the value of 1+x from O to 1 ev. It is observed that it increases from about
1,5 at thermal energy to about 1.9 at exact resonance and then decreases to about 1,2
at 1 ev. 1In an experiment of this nature, it is quite difficult to.asaign the proﬁble
error which is to be associated with a given determination. However, in the region be-
low 1 volt, the deviation of l+a from a straight line is between one and two times
greater than the estimated probable error. As a result, it is not possible to determin
conclusively whether « does or doea not vary in the interval from zero to 1 volt. Be-
cause of the possibility that « does vary in this interval, it seeme worth while to

consider possible interpretations of such a variation.,
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On¢ interpretation is, of course, that the cross section for cap£uro with
cnlssion of radiation is independent of the fission cross section, Another interpreta-
tion is one proposed by T.eisskopf which takes the following form. One assumes that
there is more than one mode of excitation of the compound nucleus. One of these modes
gives rise to a level system for which the fission width is quite narrow so that the
radiative width is comparable to it. Thus for levels belonging to this mods of excita-
tion, & would be fairly large, For levels belonging to a second.mode of excitation thg
fission width may be quite broad compared to the radiative width so that such levels
would have a very small a. The broad level having smell « would appear as a "backe
ground component” while the narrow levels with large & would be superimposed on this
background, Such & scheme might give rise to an observed cross section variation like
that obteined. It was pointed out above, that the Breit-lhigner formula would not fit
the level at 0.3 ev, and it appeared that the observed cross section might be made of
two components, one of which has a narrow level at 0.3 ev and which follows the Breit-
Wwigner curve, while the other component is a slowly varying function of the energy.
Then if we meke this correlaticn with the proposed theory and assume that « for the
level is 0.93 and that for the background is zero we should expect the observedot to
vary in a manner very similar to that which is given in the Fig. 7. ¥e them come to

the conclusion that this proposed theory is not in disagreement with the measurements.
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TABLE I
iﬁmsrgy Region On-time Frequency Distance Symbols on
ev psec cps meterna Source Fig.
B0z tank
0.02 = 2,10 50 500 3 3 A
BoO3 absorber
Bz03 tank
0.19 - 0.522 20 500 3 ]
B203 absorber
8203 tank
0.6 = L.73 20 2500 3 X
Cd abserber
8203 tgnk
3.90 - L8 5 2500 3 O
Cd absorber
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TABLE 11

3ASV313d O I'dNd d04 d3aNOodddv

Rosion Abe z?i;léne“ m;*;i:ze cf:r:';z:;xziz Dniz:::g:o Souroce Symggzbon
.0125 = ,0406 0.2975 200 100 7.6 B0z tank
0570 ~ 175 0.366 100 200 LS " X
1123 - .650 0.366 50 200 L5 . ©
.213 - .395 0.0940 20 200 L.5 B0 tank Z

B sbsorber

423 - 10.6 1,304 50 200 4.5 BoO3 tank =]
Li68 - .22 3.620 20 1000 L.5 Pa Cd v
w75 = 915 1.304 20 1000 L.5 Pa cd e
12.1 - 15.3 1.304 10 1000 L.5 Pa Cd =l
3,80 - 77.0 3,620 10 1000 L.5 Pa Cd A

=E =

—_—
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