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The experimental data taken on

in 1944 (CF-1627) have been reevaluated

a 35-ton mass of tuballoy metal early

in the light of our present knowledge

.

of the 289 25V and 49

degraded by inelastic

~onstantso

scattering

The average energy of neutrons whioh have been

+ 30 Kevoof 28 is concluded to be 170 -
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EJ?YRGYOF INELASTICALLY SCATT!!XWDNEU1’RONS

Measurements

part of 1944 (CF-1627)

INA LARGE WSS 0? TUB.ILL!)Y

on a 35.ton mass of tuballoy, made at Site X in the early

1)
, were interpreted ix terms o? .atwo-group theory. These

were referred to as the slow and fast noutrons$ the fast consists of those neutrons

above the fission threshold of 28; the slcnYconsists of all neutrons below the 28

threshold (about 1.2 ;.iev)and results mainly from inelastio scattering of fission

neutrons

was also

by the 280 A direot measurement of the average energies of’the two groups

atter:ptedat that time.

The data obtained in the experiment oould

by a two-group theory, using the oross sootions and

the authors and assuming an energy ofabout 200 Kev

Sinoe the variation of the oross seotions

be consistently interpreted

other constants then known to

for the slow group.

of 28, 25, and 49 with energy

are now reasonably well knownj it was suggested by ?. Teller that the experimental

data be reevaluated, with the objeot of attempting to find an aoourate value for

the avera;e energy of the slow g’roup~ This energy is of considerable interest, for

it tells us to what energy neutrons oan be degraded by inelrastioscattering of 28

and oan lead *O some knowledge of the low-lying energy levels of the 28 nuclsue.

There are three independent measuremmts that oan bo interpreted to give a

value of the energy of

10 A direot

the slow Croup:

measurement of the slowiw-down range in a graphite column.

1) The experiment was performed at the Clinton Laboratories by e group, headed
by L. Slotin, which inoluded J. E. Ilrolley,R. $oalettar, R. Be Stewart,
and the author.
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20 A measurement of %heratio of the fission cross sections of’25 and 49.

.3. A measurement of the oquilitrium relaxation length of tineneutrons in

the mass of tuballoy.

In addition, there were measurements of the ratio of radiative capture to

fission and of 25 to 23 f.lssionwhich, though they do not yield a valuo of the energy

of the slow groups shed light-on some of’tho othm constants involved.

1. Slowing-down ranqe in graphito- The distribution of indimn resonanoe

neutrons in a graphite colunri,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 souroo could be divided into a S1OW and a fast group. ‘l!herange of the slow

6
Sroup corresponded to an energy of 1?0

. type and ma~nitude of the perturtmtion

tuballoy and plaoing a graphite column

Kev. Due mainly to tho uncertainty in the

caused by dig~ing a hole in the mass of

over it, the probable error of tlnis measure-

ment 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 l.Oa with a

probable error of 20 percent. This error is not due to the accuracy of the measurement.

which was far better than this - hut rather to the uncertainty in the constitution,

9

“’

-.

weight, unii’ormitysoto. of the foils that were available to us at the time of the

experiment. In Fig. I is plotted the 25 to 49 fission ratio as a function of

t3nergyQ From this curve and our mean value, wo deduce 100 Xev for the average energy

of the slow neutrone in the tuballoy. The uncertainty in our experimental value,

however, introduces an uncertainty in the energy of a fhotor of three, so that the

energy of the slow group . as deduoed from this measurement . may lie anywhere between

30 and 300 Kev.
●* ●98 ●*.
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3. Relaxation le+;t.hof the equilibrium neutrons in the tuballoy .

The value of’9.6 cm for the equilibrium relaxation length of

infinite umss of tuballoy is the most acouratoly ‘knownor all

in the experiment. ‘l’heprobable error of this measurement is

neutrons in an

the constants measured

oertainly 18s8 than

5 percent. Trom the theoretical considerations discussed in C?-1627, it may be seen

that the equilibrium relaxation lcn@h is primarily dependent on the product of the

transport oross section by the 28 capture cross section for the slow neutrons. Both

these cross sections are strongly dependent on energy in the 50 to 300 Xev region~
r

so that the relaxation len@h

4 ~roup.

Fig. 2 is a plot of

is not the same as that given

of the total 28 oross section

should yield a good value for the energy of the slow

the 28 transport moss seotion vs. energy. The ourve

in LA-140. It is rather a combination of measurements

reoently made at the ArSonne laboratories for low

energies and the Los Alamos measurements for high energies~ It has been shown by

V. Yeisskopf to be consistent with both the Argonne and the Ias Alamos measurements~

v

when aocount is taken of the i’oxwkd scattering by 28 of neutrons above about 200 Kev.

In Fig. 3 is plotted the latest values for the 28 oapture cross section

vs. energy, from tho measurements of Linenberger and Segr&. In addition to the above.

discussed cross sections, the fission cross section of 25 as given in LA-140 and the

following cross keotions I’orthe fast group were used:

Cf(28) = ,45 barns

ain=~&~ti=(28) = 2.4 barns 2,

2) This value is not the actual inelastia scattering moss sectiQn but a i’iakitious
number chosen to fit a two-group approximation. More detailed considerations
show that the data are oonsistant with the presently aoceptod values of the 28
inelastio scattering moss seotion. ●* ●-* ● *. ● 9-* .
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atr(28) = 4.5 bnrne - for the fast group

“25 = v28 = 2.5 barns, of’Vihich75 percent are omitted fast and
the rest s 10W.

I’heexpressions developed in CF’-1627were used to calculate the value of

(2/3N2) (1/L2) as a funotion of amr~y. (N iS 10”24 times the number of T

atoinsper o&3 for a density of 18.9 ; L is the relaxation length.) The results

of this calculation are plotted in Pig. 40 As stated above, L is primartly a function

of the produot of tha 28 transport and capture oross seotions with the other con-

stants entering only as corrections. “

I?romthis plot (Sig. 4) we obtain a value of 170 Kev for the energy of

the slow neutrons in the tuballoy mass. This value is aocurate to about 5 percent

if’the cross sections used are that good. However, V. Neisskopf suspeots~ On

theoretical ~rounds, that the 25 fission oross seotion may be somewhat high in the

100-Zev region. This would lower the above energy rather slightly and raise the

energy as obts.inedhy the 25 to 49 fission ratio so as to bring the two into better

agreement.

40 Other measurements

is rather insensitive to energy~

- The ratio of capture to fission in the tuballoy

the measured ,ratiois in good agreement with

slow-neutron energy of between 150 and 200 KevO

The experimental value of the ratio of 25 to 28 fission in tuballoy

336 with a probable

the foils used. In

of the ratio at 170

error of about 20

Fig. 5 is plotted

Kev is 270, whioh

percent, due again to the uncertainties

a

was

in

this ratio as a function of energy. The value

agrees with the experimental value to within
● m..

the experimental error. Again, a lower value of the 25 fissi&!cr&s~seU~i& ;b;ld- . .-——
●0 ●ei ●:. ●** ●** .*

make the agreement better.
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From the theory presented

directly on the following

in CF-1627, it may be seen that the ratio dopenas

ratio of fast-neutron oonstantss

uf(28) V25

‘l!heuncertainty in this ratio can easily explain the difference between

theoretical and experimental walues. l’orinstanoo, if we should take

~1nela~tio(28) = 2.5 barns
:

and
# uf(28) = .40 barns,

the agreement would be almost perfeot.

o

the

The above considerations lead to consistent’values for the energy of

the slow-neutron group in an infinite mass of.tuballoy. In %iew of these con-
,

sidorations~ this energy oan be stated with some confidence to have a value of”

170 ~30 Kev~
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