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- ABSTRACT

The distribution of neutrons was studied in critical asseamblles
consisting of 26 tamped with WC and Fe, with WC alone, and with Tue An indlea-

tion of the energy distribution of tho nsutrons is obtained by the use of warious

fission chambers and deotecting folls. P
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SPATIAL AND ENERGY DISTRIBUTION OF NEUTRONWS IN

26 METAL CRITICAL ASSEMBLIES

Ag e check on the theoretical calculations of the spatial and energy
distribution of neutrons in & 25 metal critical assembly, various neutron
detectors were activated in critical assembliee at Omegas The followlng
detectors were investigated:

1o 25 fission was studied both by uss of a small iontzation ("fission")
chamber of the "spliral” type and by measuring ln a Gelger counter the gamma
activity resulting from fisslon in s foil of 25 metals The chember wes kindly
suppllied to us by the members af groué Re3, who alsp asslisted in its operation
as woll as ;n the interpretation of the results obtained therefrom.

2o 28 fissiona A spiral chamber and foils were both used for this
measurement. Fission in 28 has an effective energy threshold of ~~1.l Meve

35 37 fiscion wes studied by‘tho use of a splral chamber- Flasion
of 37 hes an energy threshold of about ol Meve

Lo Au gctivity induced by the (n,y) reaction was meaéured by the
use of gold folls. These were activatcd'in the asaembly, and the resulting
/3 activity measured in a Geiger counters The cross section for thls reaction
is supposed to vary approximately as 1/E in the 100-500 Mev reglon, and hence
this detector should be more sena1tiVe to the low-energy part of the neutr<3

\P\_,

spobtrum than the 25 detectors S§5¥%\
50 W activity, due to an (n,?) remction, was st&!le&éj The energy

dependence of the cross section for this resction 1s not known.

6o Ma(n,y) was investigateds The cross section for this reaction
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was presumed to vary with neutron velé&ity a8 1/@, though it hae never beeon
measured for the neutron energies involvede. The experiment indicates that the
/v assumptiox 18 probably famlses

The spiral chambers were about 3/8" in diameter and 3/8" long. These
were completely surrounded, in the criticel assembly, by the materials appropriate
to thelr position, &0 as to minimige the perturtation introduced by the hole |
made by the chambers

The foils were 1/2" squarc, and placed, flat, in the central plane of
the oritical assembly. Thus, the activity of a foll represents an average over
a square 1/2" on a side; the position of a foil was taken ae the position of
the center of the foil (the samo was true for the chambers) . This places
@ limit on the resolution of these measurements-

The irradiations were made by stacking a sl ightly super-critical
asgembly and allowing the power to rlse to a level sufficient to activate the
detectors the desirod amount; the assembly was them run exactly eritical for
five minutes, after which Fha assenbly was made subm=critical by the removal of
sufficient tamper material-. The foil; wore stacked inte the assembly, and
afterwards removed and "counted” in Geige? counters. Thus, all the folls to
be compared received the same irradiatiana

A removeble channe; was provided for theo chamber measurements, inteo
which the chamber, completely Burroun@ed by the apprOpriéto materials, could
'bo intredused at any dosired positionc The ratio of counting rete of the
chamber to the bounting rate of a fixed "monitor” was always taken, se that all

the chamber measurements may be saild to hove beon made at the same powere

Spatinl distributions were mn a number of assmnbli‘a‘rg
- ‘\“\\N,
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Io 25-WCeF: Assembly: The 25, 28, and 37 :[‘igni‘on retes were compared by the
use of the Bpiralrchamborsﬁ The results of these mcangrewents, in counts per
mgs of material at an arbitrary power are shown In Figa.lo In the same assembly,
the 25 and 28 fiseion activities were measured by foilsc The results of these
messurenants are shown in Figo 2o The curves are normalized te a value of 1

at the centser of the 25 corec A rough calibratioﬁ of the foil activitiesa in
torms of flsaions por mg can be obtained by using the charber measure-ents:
However, since the correction for the hole made by the chamber is somewhat une
gertain and probably different for ths two matefials, it would be desirable

to obtein an absolute calibration for the foils: This has not yot been provided,
though it is intended to do so in the near future by irradiating both a 25 snd

& 20 foil simultaneously in a flux of "fission" neﬁtrona, prodﬁced by irradiating
a sandwlch of thorfoils inside 25 metel in a eavity in the thermal ¢olumm of

the water bollers |

II. 25 - WC Assembly:

25, Au, and W foils have been irradiated in this assembly. Thelr
activitiea are shown in Figo 3¢ Again, they are all normalized to a value of
1 at the center: To compare diresstly the average cross sections of 25 and Au,
twa such folls ware irradiated %or flve minutes in the samo therma) neutron
flux in the wster boller thermal column, and their activi£ies comparedo From
a knowledge of the thermal neutfﬁn eross soctions for 25 fis&ion and Au (n,y)
(543 b and 105 b respectively) one obtaing for the ratio of nvo(23) to
‘nvq(Au) at the center of this critical assembly, ths value 9.65.

< 1%

III, 2%-Tu Assembly: ’fiix Ao

25, 26k¥§u,'und ¥n foila were irradiatedc The activitles are shovn

in Figo 4, where the aqbi .tles at the center are again normalized te 1o Using

/MDPRENGHDAFGF%JmJBLI(Z RELEASE.
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the avove discussed intercallbration, the value of Bvo (25) /ava(Au) at the
center 18 found to be 10l

In the thermaleneutron intercalibration of the 25 and Au foils, the
same foils as had been Irradlated in the metal critical assemblies were used:
The 25 folls were not thin - having a transmission, for a thermsl neutron beam
fulling perpendleularly upon them, of ebout 72 per cent. Theo gold foils
had a corroesponding transmisalon of 92 per cents We have assumed the activities
per mg to be 75 por cent and 93 per cent respectively of the activities per mg
of Iofinitesimally thin foils irragiateé at the same place in the graphite
thermal column of the water boiler.

The intercalibration of the 25 ond 28 foiis was carried out =zs follows.
25 and‘28 foils were irradiated with 25 fission neutrons. The foils were oovered
with 0.8 mm Cd and sandwiched betweeP % mm 2% bl?oka and placed in the cavity
of the graphite column ?f the Omega wnter boiler- The folls wore at lenst
10 inches from graphiter The resulting v actlvitly was counted in the same
geometry and with the same Goliger counter as the foils irradisted in the
critical assemblies.

The ratio of activities of the 28 and 25 foils wms the same at the
center of tho 25 core for both the WC-Fe tamper and the Tu tamper- The 28/25

ratle for the critical assembly neutrons at the center of the care divided by

the 28/25 ratio for fission neutrons, (ice. - ;£L§28§£AEXLA225 where (nv)A refors
‘(n—) £ 28/ (I.\V) roes

to the critical assemvly and (nv), to the fission spectrum) s 0.62. This is for

1 mg of pure 28 and 1 mg of pure 23, (h@fkoga/knf)Acas = 0125 and
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LI L

-7 =

(nq)fcza/(nv)foes = 0620« Since the general fisslon decay is not the same for

25 and 28, these two values are dependent on the counting set ups For a
5 mimmute irradiation and counting through 1/32" Qd abgorber, the ratlos are
thoe same from 10 to 120 minutes after activatione

The graphs of the 26 flession distributlon are not correctsd for the
26l per cent of 28 in the foils. This correctipn is I} per cent at the cenber
of the core, but drops off rapidly in the tamper. ?he 28 foils contain about
1 part in 3000 of 25 and no correcticn 1is necessary- |

Since it is felt that these results should be made avallable withou®
delay, we have cot included the results of contemplated intercalibrations by
fast neutrons from the W long tank and of relative actlvations of the
P{n,p), AY(n,p), Al(n,a) and Ag(n,2n) resctions in the various critical
assembl}ea, which will be reported in addende to- this report as soon as th&y
become availables

The comparison of our experimental distributions with theoretical
calculation is being carrled out by members of Serber’s and Welsskopf®s groups

in the theoretical sectiones

A
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