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ABSTRACT

The experimental data taken on & 35-ton mass of tuballoy metal early

in 1944 (CF-1627) have been re-evaluated in the light of our present knowledge

of the 28, 25, and 49 constants, The averaze energy of neutrons which have been

degraded by inelastic scattering of 28 1s concluded to be 170 ¥ 30 Kev.
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ENERGY OF INELASTICALLY SCATTERED NEUTRONS

IN A LARGE IASS OF TUBALLOY

Measurements on a 3%=-ton mass of tuballoy, made at Site X in the early
part of 1944 (Cr-1627) 1), were interpreted in terms ol a two-zroup theory. These
were referred to as the slow and fast noutrons; the fast consists of those neutrons
above the fisslon threshold of 28; the slow counsists of all pmeutrons below the 28
threshold (about 1.2 .iev) and results mainly {rom inelastic scattering of fission
neutrons by.the 28, A direct measurement of the average energies of the twe zroups
vwas also attempted at that time,

The data obtained in the experiment could be consistently interpreted
by a twow-zroup theory, using the oross sections and other c¢onstants then known to
the authors and assuming ;n energy of about 200 Kev for the slow group.

Since the variation of the oross sectlons of 28, 25, and 49 with enorgy
are now reasonably well known, it was suggested by %, Teller that the experimental
data be re-evaluated, with the object of attempting to find an acourate value for
tﬂe averaze energy of the slow group. This energy is of comsiderable interest, for
it tells us to what enerzy neutrons can be degraded by inelastic scattering of 28
and can lead to some knowledze of the low-lying energy levels of the 28 nuclsus_

There are three independent measurements that can be interpreted to zive a

value of the energy of the slow zroup:

1. A direct measurement of the slowinz-down range in a graphite column,

}) The experiment was performed at the Clinton Lahoratories by a group, headed
by L., Slotin, which inoluded J. E, Brolley, R, Scalettar, R, B, Stewart,

and the author,
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2. A measurement of the ratio of the fission cross seéﬁions of 25 and 43,

3. A measurement of the equilitrium relaxation lenzth of the neutrons in
the mass of tuballoy,

In addition, there were measurements of the ratio of radiative capture to
fission and of 25 to 23 fission which, though they do not yield a valuo of the enerzy

of the slow group, shed light on some of tho other constants involved.

1. Slowingedown ranze in graphite- The distribution of indlum resonance
neutrons in a graphite column, on the bottom of which a beam of neutrons impinged
* from inside the tuballoy mass, was measured. ~From an analysis of the curve obtained,
the source could be divided into a slow and a fast group. The range of the slow
group corresponded to an energy of 170 Xev, Due mainly to the uncertainty in the
type and maznitude of the perturtatiion caused by digzing a hole in the mass of
tuballoy and placing a graphite column over it, the probable error of this measure-
mént is not larger than about 50 percent,

2, Ratio of 25 to 49 fission - The value of this ratio for the equili-

brium distribution of neutrons in the tuballoy mass was found to be 1.04 with a
probable error of 20 percent. This error is not due t§ the accuracy of the measursment-
which was far better than this - but rather to the uncertvainty in the constitution,
weight, uniformity, otc, of the foils that were available to us at the time of the
erperiment, In Pig, I 1is plotted the 25 to 43 lission ratio ss a function of

energy, rrom this curve and our mean value, wo deduce 100 Xev for the average energy
of the slow neutrons in the tuballoy. The uncertainty in our experimentsl value,
however, introduces an uncertainty in the energy of a faotor of three, so that the
energy of the slow group - as deduced from this measurement - may lié snywhere between

30 and 300 Kev,
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3. Relaxation length of the equilibrium neutrons in the tuballoy -

The value ol 9.6 cms for the equilibrium relcxation length of neutrons in an
infinite mass of tuballoy is the most acourately kmown of all the constants measured
in the experiment. The probable srror of this messurement is certainly less than
5 percent. Yrom the theoretical considerations discussed in Cr-1827, it may be seon
that the equilibrium relaxation length is primarily dependent on the product of the
transport oross section by the 28 capture cross section for the slow neutrons. Both
these crosa sections are strongly depsndent on enerzy in the 50 to 300 Xev regzion,
so that the relaxation length should yield a good value for the enerzy of the slow
group.
Figo 2 is a plot of the 28 transport cross ssoction vs., energy. The curve
is not the same as that given in LA-140, It is rather a combination of measurements
of the total 28 oross secction recently made at the Arzonne laboratories for low
enerzles and the Los Alamos measurements for high enerzies, It has been shown by
V. Weisskopf to be consistent with both the Argonne and the lLos Alamos measurements,
when account is taken of the forward soattering b& 28 of msutrons above about 200 Kev,
In Fig. 3 is plotted the latest values for the 28 ompture cross section
vs. enerzy, from tho measurements of Linenberger and Segrd. In addition to the above-
discussed cross sections, the {ission cross section of 25 as ziven in LA-140 and the
following cross sections [or the fast group were used:

op(28) = .45 barns

cinelastic(za) = 2,4 barns 2)

2) This value is not the actual inelastic scattering oross section but a rictitious
number chosen to fit a two-group approximation. iore detailed considerations
show that the data are consistant with the presently accepted values of the 28

inelastioc scattering oross section. of2 %00 %30 3 0.
2.8 _es s e o .
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otr(28) = 4,5 barne - for the fast group

vog = vag = 2.5 barng, of which 75 percent ere emitted fast and
the rest slovi,

The expressions developed in CF-1627 were used to calculate the value of
(2/3%°) (1/12) asa funotion of enorgy. (W is 10724 times the number of T
atoms per om® Tor a density of 18,9 3 L 1is the relaxation length.,) The results
of this calculation are plotted in Fig, 4, As stated ahove, L is primarily a function
of the produst of tho 28 transport and capture cross seotions with the other ocone
stants enteriné only as corrections. °

From this plot (Fig, 4) we obtain a value of 170 Kev for the energy of
the slow neutrons in the tuballoy mass. This value is sccurate to about 5 percent
if the cross sections used are that zood, However, V, Weisskopf suspsots, on
theoretical zrounds, that the 25 fission oross section may be somewhat high in the
100-Kev rezion. This would lower the above enerzgy rather slightly and raise the
enorgy as obtesined by the 295 to 49 fission ratio so as to bring the two into better

agreoment.

4, Other measurements - The ratio of capture to fissiom in the tuballoy

is rather insensitive to energy; the measured ratio is in good agreement with a
slow-neutron enerzy of between 150 and 200 Kev,

The experimental value of the ratio of 25 to 28 fission in tuballoy was
336 with a probable error of about 20 percent, due sgain to the uncertainties in
the foils used, In Fiz. 5 is plotted this ratio as a function of energyo The value

of the ratio at 170 Kev is 270, whioch agrees with the experlmental value to within

the experimental error, Again, a lower value of the 25 fissmdh.crb&s se&}mon woyld

make the azreement better, o - %% % %0
e s L: e
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From the theory presented in CF-1627, 1t may be seen that the ratio depends

dircctly on the following ratio of fast-neutron constants:

ainelastio(zs)

ap(28) vps

The uncertainty in this ratio can easily explain the difference between the

theorstical and experimental values., For instance, if we should take

Finelasgtic(28) = 2.5 barns
and .
op(28) = .40 barns,
the agreement would be almost perfect,

The above considerations lead to consistent values for the energy of

the slow-neutron group in an infinite mass of tuballoy. In view of these con-

siderations, this energy can be stated with some confidence to have a value of

170 £ 30 Kev.
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