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ABSTRACT
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The increase of responee of 25 and 28 detectors, due to the reflection by

lous tempers, to neutrons from the D-D source and neutrons fram & Ra-B and YsiheBe

soulrca hes been measurcd. %The radial) distribution in these tampers hes been deter-

minrd. The results permit conclusions as to the relative effectiveness of Pb, Fe, U,

C,

C as tamper materials end provide a check on the overall proﬁertias as calculated

-

fro:#x nuclear constants.
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INTRGRAL FXPFRIZFNTS I

TALPFR REFLFCTION' AND DISTRIBUTIONS

7 Two different methods of predicting the gadget behavior have been rather
thoré@ghly discussed. The "differential" method consists of introducing measured nu-
claaéjcomatanta into an adequate theoretiesl treatment of the béhav{or; the "integral®
methéé‘proposaa to predict the charecteristica from measurements of the over-all ef-
fectféf these constants in anra}rangmn;nt ag closely analogous to the actusl gadget as
possiile. The former meth?d sufféés from the lack of precision in the nuclear con
atunﬁ?, particularly in thé numbér and energy of }nelastically scattered neutrons and
in the low energy part of the fisslon spectrum, piuu whatever ineadequacies exist in
theo:&.. The lattcr method 1s limited by lack of active material or a strong fission
source, and the difficulty of ;xagtly duplicating the absorption and ecattering pro-
pertiss of mctive material. A strong fisslon source in a thin shell of active material
cen be obtained by the meghod reported by Defvire in LA=133 but this method is limited
to tamper materials whioh;do not,appreciably’abaorb thermal neatrons, and the spectrum
is not that of & golid cofo,

A program of measurements w@th-25 and 28 fissipn ¢hambers has been carried
gut with a number of tamper materlals, acuﬂces and geometrical arrangements, Here in
Partii the results of measurements in tampers with a oavity of 9-om radius around the
aouréé are described. Part II will-be devoted to resuits with a mogk U Hz oore filling
thie cavity, and Part III to mqasur;ments with solid U and WC tampers. The theoretical
work connected with these measurements willkbe reported by Croup T-3, and a summary of
the results of the analysis will begfritten joint1y with this group.

The differential constants.dkdgtﬁéir %néegﬁ?% effect as predicted from cal-

culations may be checked by measurementa,wiﬁh a.scufgp.in a cavity in the tamper
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material. If the dimensions are chossn to approximate those of an actual tamper then
not only the effect of nuclear constants but also that of geometry will be included.
The aignificance of measurements with a 25 fission chamber is evident, and measurements
with a 20 chamber yield information concerning the ﬁeutrons above one Mev. The ine-
crease of counting rate at the inner surfage of the tamper due to its présenoe and the
radial distribution in the tamper can be calculated and messured. The distribution
with a 28 detector i; particularly sensitive to inelastic scattering below the 28
thresheld and is probably the most seneitive method of measuring this factor.

The tampers investigated in integral form werc Pb, Fe, C, U and &C, The
geometry of the WC tamper will be discussed in the sections on results since it varled
according to the experiment. The others were all hollow spheres of outside radius 2,
cr and inside radius 9 cm. Radial oylindrical holes }) ;nch in diameter passed through
the shells to acoomodate the detectors. These holes were plugged in front of and be-
hind the detectors which were 1'1nch diameter eylinders 1 inch long, 28 and cadmium
covered 25 fission detectors of the spiral type developed.by Bright were used. The 25
spirals were 557 or 637 material and contained effectively about 15 mg of 25 metal and
the 28 spirals betwesn 200 and 350 mg of 28 metal, A count was frequently made with a
RaBe source in a standard paraffin geomatry. The counting rates in the tamper were
divided by the standard geomstry count to eliminate the effect of any drift which might
have occurred. In each experiment, the source vas %lacod in the center of the tamper
and radial distributions measured with both detectors. Using the stendardization of
the dotedtora and the 28 data, tﬁe 25 data was reduoed to pure 25 distribution.

In order to use the d-q gource, the spheres were split on a median plane.
Thres radial holes approximetely 5/8",}1:;'@1@9‘&2@&' ﬂ&’ré'cut through the shell in this

plane. By means of a chain hoist the bumpare'ouulu be'hung surrounding the target.
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The incident bsam of deuterons collimated to j/ié"ﬂaiamcter entered through one hole,
striking the face of & cold copper tube cut at Lj5°, The cooling lead for the ice tar-
get was introduced through the secend hole. The third served as an exit for protons
from the alternate reaction which were oounted to monitor the neutron yield. The per-
turbation of the neut;on distribution due to these holes was assumed to be amall,
Fig. 1 shows & tamper aspembly.

It is olear that before the data can be compared vith a theory for a point
detector, correction must be applied for the perturbation of the neutron density

caused by the finite gige of the detector.

I. D=D Sourcc

The d-d source was operated at a bombarding voltage of 200 KV. At this
energy there is rough%y a factor of 2 between the maximum yleld per unit solid angle
at 0% and 180° and the minimum yield at 90° to the deuteron beam. The energy of the
neutrone varies from 3.05 Kev maximum at 0° to 2.09 Hev minimum at 180°. The radial
digtribution curves for various angles in theé tamper differ due to these asymmetrics
of the source. For not too large capture, the neutron density along the 90° axis will
not fall off as rapidly aas for a symmetric source since it feceives contributione by
scattering from regions of higher density at larger and smaller angles. Conversely,
the 0° distributien vwill fall off more rapidly since it loses more to larger angles
than‘it geins. If the variation of neutron yileld were the only contribution factor,
one would expeot near-symmetry of the distrib#tion vith angle around 90°, 1In this
case a sollid angle welghting of the counting rate as a function of angle for fixed
radius would give an average value corresponding to a symmetric source, However, it is

conceivable that the variation of i@olasti~ scaﬁtéring with cnorgy might caugse the

counting rate of & 28 detector to vary in & diﬂferent manner, In this case a simple

APPRO\/ED FCR PUBLI C RH_EAQELA S S ”: i ! H

:: o'oo.(—‘:~

‘ nma




APPROVED FCOR PUBLI C RELEASE

=6~

solid angle average would not be a true expression of the situstion. However, the
variation of seatiering crosas sections in the energy range may be expected to be small.
lfeasurements were made &n thehtgmper at 0%, 1,59, 90° and 135° to the deuteron

beam. An examination of the 28 distributions for those angles shows the following
things: the 1359 curves lie quite close to the L5° curves both of which are below 0O
_and above 900 curves., This indicates that the main factor is the yield variation be-
cause an energy effect would gause & larger difference between 45° and 135° than be-
tween 909 and 135°. On a semi=log plot the 23 curves are nearly straight lines. Ths
0° curve is generally steepest although there is not much varietion in slope between
the angles. Theso features suggest a solid angle average m§ an adsquate sumtary of
the results as a function of radius. The average was obtained by plotiing the counting
rates against cos © for the range 0% to 180°. The area under this curve is just twice
the average value,

| The only WC tamper mnderavailabla for these experimenis had to be built of
surface ground blocka of density 2 1L4.8 gms/cc. The specification for eobalt content
was £ 67 by weight. Thess blooks were asasembled to form & rectangular block of square
croes section Uy-7/8" on a zide and 12-3/14" thick. The cavity was éymmetricully
placed in the aquare croas section but was offset along the other axis. The midplane
of the cavity aleng the 12-3/L," axis was 5-55/&l, inches from one face and 6-57/64
inches fromthe other end, Since the cavity vas made by offsetting the central blocks,
the faces at>each end of the 12-3/14" axis were not plane. The central portiop of each,
6=3/8" square, protruded from the rest of the surface by 1=-7/16" on one end and 11/16"
on the other. Square cross section holes were cut for the d-d target assembly and for

the detectors. Drawings of one hﬁlf,pf thq tgmper agsembly are shovn in PFligs. 2 and b

An attempt was made to counvert fﬂw mv % _:g:.xt_o. ;) ‘g-aeudq sihere bi filling in the

le e
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N
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corners with 1/2" cubes of %( to approximate a sphere. The radius of the sphere have

ing an equivalent volume was 3.6",

It should be noted that because of the lack of sphericity of the inner and
outer surfaces, the shell was of varying thickness, wmostly thiﬁnar than the other
tamper shellas. Also complications were present in averaging over the anguler asymmetry
of the d-d source betause angular asymmetiry also existed in the geometry. Auxiliary
experimenﬁa with a natural source showed that a 25 detector was gnaenaitive to the
central oavity shape, the mass 0f tamper present determining its counting rate. The 28
detector vas largely sensitive to the thickness of material between it and the souras.
Hence it also was insensitive to the central cavity shape if suitable plupgs were plesed
in front of it to equalize the path traversed by the direct neutron bewn at the various
angles measured. This plugging was dons for measurements on the d=d source for all
angleas and for both detectors. The values thus measured were averaged as desoribed pre-
viously. DBeoause of the small capture the 25 detector was affected by the irregular
outer bourndary beginning with smaller radii than the 28 detector. Consequently, the
points taken for r » 6.66" could not be averaped to have any meaning for the 25 detector.

Figs. 4 = 9 show, for a detector whose center is & distance r from the aource,
the ratlio of the averege ocounting rate in tha presence of the tamper to that for the

bare source, This will be called the multiplication, M. The 25 date hsve been reduced

to pure 25 detector as stated previcusly. The multiplication is juct
(nfa)tampef/(n7°7aource' Here the ¢ refers to the detector nuclei, the energy (aver-
age) and the neutron flux bciﬁg indicated by the subseript. For 25, except in speaial
cases, E%amper” Csource+ For 28 the inelastic scattering may alter the spectrum in
the tamper so that.aiamper differe from dgources It is of interest to note that this

asame condition existed when differential measurements were made with a recoil detector

A
>

whoge sensitivity curve, corrgsgggdgng.yg'ﬁ.bzgurve, was not a squere function. Ine-
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elagtic oross section derived from those messurements on the assuzption of a square
funection sensitivity curve might £it only in first approximation to the interpretation
of dats measured with a 28 detector whose o curve differs from the recoil sensitivity.
Table I, swnuarizes Mg» the multiplicatior for the front of the detector
flush with the inner surface of the cavity. A coaparison of these values for various
tampers of the same size is the beast measure of their relative worth in increasing
neutron effectiveness at the inner surface, Differences between tampers might be

altered sllghtly by correction to a point detector on the surface,

DISCUSSION OF D-D RESULTS

Because of the cavity and the fact that the shells are of finite thickness,
it is not possible to snslyze the data quantitatively without applying an exact theory
taking sccount of these effects. However, qualitative conclusions may be drawn from
inspection of the multiplication curves.

For all tampers, certain general differences exist between 28 and 25 distri-
butions. 28 multiplication in all tampers reported here is & maximwun very near the
inner boundary of the shell and falls with increesing radius. 25 multiplication, on
the other hand, rises with incressing redius from the inner boundary, reaches a maximum
value and falls again as the outer boundary is approached. This is the expected be-
havior since capture for 25 flux is &lmost non-oxistent whereaavfor 28 flux it is aéo i
preciable since inelastic scattering below the 20 threshold is equivalent to capture.

Two things combine to determine the 28 multiplication curve, the scattering
mean free path A,, and the "capture” mean free path »;, due to inelastic acattering.r
Compared to any standard tamper we nay choose, a shorter *g will meke the curve start
higher near the inner boundary ahd Qtch mb?b;tlg??ly. L shorter A, will cause the

curve to start lower and drop o%f’dété‘?np&ﬁiy%:‘éne may say qualitatively, from the

®® 000 o o009 o ¢ =
e e 0 e o oo
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comparison of the various 28 curves, that Pb has the least inelastic scattering per cc

and U the most, excluding WC since its geometry makes interpretation difficult. Also
it may be concluded that Ay for Fe is shorter than »g for C. This is in agreement with
differential measurements for the primary energy.

The 25 multiplication curve isrchief}y determined by the average A for the
neutrons detected since A; is very large. As élread& outlined, the curve will riss
with increasing r from the irner boundary until leakage from the outer boundary causes
it to drop again. The shorter %; the higher will be the maximum of the curve. If one
temporarily neglects changes in dég, a comparison of meximum height of different tamper
curves glves relative A, values, From & knowledge of the variatisn of Ay with energy
this will serve to estimate the spectra relative to each other in different tampers.
Before U is compared it must be récalled thet {ission in the tamper ralses the distri-
bution somewhat. lence, in order of maximum helght for 25 multiplication curves, the
tampers are C, U, Fe, Pb again excluding WC. This ie the order for i, starting with
c thevshortest and Increasing through the list. A comparlson of U and C ia interesting.
From differential measurements A; for C 1s 4.5 ecm at 600 Kev and becomes shorter with
decreasing energy. Aa\for U is L4o5 em at 1.5 lev, L.0 cm at 600 Kev. Since inelastic
scattering requires that a reasonable fraction of the neutrons in U be below the 28
fission threshold the average enﬁrgy for U is probably woll beiow ia5 ev. Conse-
quently for C it is probably near or less than 600 Kev. The results of the compa=ison
between 25 multiplication in WC and U were, at first thought, unexpected. Fission in
U due to the primery neutrons may raise the 25 multiplication as much as 204%. Fven
with this accounted for, #C did not appear as good relative to U as expected. Since
the geOmetry of the WC waa Bo Qifggxgntk,;ntergrat&tion is complicated. It was there-
fore decided neoeasary to compq% o, 4l aﬁuﬁlonh 1n more identioal gesometries. fhia is

discussed in a later report.

%@m

-
-
~

APPROVED

?P)'..
..




APPROVED FOR PUBLI C RELEASE

L . o o
. s L]
L L
e L ]

L
[ XY X}
*
L]

&
!li[,

TABLE I
Tamper - Mo(28)  Mo(25)
Wwe 1.29 L.71
U 1.50 5.4
Pb 2.0 2.4
Fe 1.66 . 3.2
c 1,52 L.5

II. Ra-B Soﬁrca
e v
The procedure used in these experiments was the same as that of Section I ex-
cept that only one radial tamper hole was used for each chember, i.e. the angular in-
tegral was not reguired on this symmetric sourcs.‘ Tha centrally located Ra~B source
gontaining 2 curies Ra pressed with amcrphous boron was the strongest available source

resmessing a roasopnable approximation to the fisslon spectrum. Inreshold detector ac-

tivetions with this source and a fission spectrum have been cospared by Feld as follows:

Reaction 352(n,p) . F(n,p) ' Al(n,p) Sias(n,p) P(n,y) Al(n,y)
Threshold {mev) «G3 1,02 1.95 2.6¢ 0.90 2.39
i i 10 00 - 5.: (; . ‘ v L
Relative Fission 00 69 0.050  £0.170 0.061 0 913
Activity )pa.p 1,00 0.51 0.058 0.017 0.004  0.003

The average energy for the Ra=B source, as determined by T2 dlstribution measurements
in paraffin, is 2.1 Nev.

In order to speoify the increage of fission rate due to the tamper, measure-
ments were made with the untamped source. These results followed l/ra, indicating that
room baokground was negligible. l«geasurrementa were algo mmde to detect any observable
ssymmetry of the source, with ndga“&aivgv rega]:'bs.g' él‘hroughout the measurements a "stand-

ard geometry” of paraffin end a.‘acd’m,.bj}ggépélfgpafpe was used to check the ohamber and
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amplifier operation, and particularly to insure thoAébeence of drift between tamped
and untemped source m;aauraments.

The results of the measurements are shown in Figs. 10 - 13, The pogition of
the detector was taken as the center of the active volume, The consistency of wvarious
runs was within 10%. The distributions have been plotted ;imes r2 in order to show di-
rectly the multiplication, M, of the tamper compared to tﬁe untamped source at any
radius. Although only three positions were measured they determine a smooth curve on a

direct plot of the data from which the ref ourve shape can be fairly accurately drawn.

DISCUSSION OF Ra-B RFSULTS

Considering the results ps & whole, the similarity of a)l curves obteined
with this source to thosze obtaiﬁyq with the D§D %s striking. The differences in prac-
tically all cases aré suffieiently small to be Within experimental error. The largest
difference appears w@th the C tamper, Soth725 apd 28 distributions, and is such as to
suggest that the average mean free path 1s shorter for RaoB neutrons, The differences
in Pb and Fe are probably due to the effect of fﬁe complex spectrum of the Ra-3 source.
There is no essentiel difference in either 25 or 208 distribution with a U tamper. The
apparent differences in WC involve the geomedry and rust be discussed in more detail,

. The curves of Figs, 11 and 13 with;aﬁgular spscifications signify radial dif‘
tributiona perpendicular (O° and‘90°) to theiaide of the eésontially sgquare median
plane cross saction and diagonally (45° and 1350) in this plans. For all thess measure
ments the cavity was cubical, hence even with this spherically symmetric source, an
average was required for GOmﬁarisan. ‘This average was obtained by plotting lines of
equal density in the median plane and.aséuﬁing that thé radius of the best cirqia fit

to these lines was the apprcpriate i ﬂbr the.coﬁresponding donaity. The reaulta of

this procedure for both 25 and X deteotors yieldod the average curves shown in the

see __
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figures. The cavity boundary at 10.1 cm is the radius of a sphere of equal volume.
It is interesting to note that the equal-density lines for 25 and 28 have the oppomite
behavior; a 25 equaledensity line passes c¢lagser to the.cénter at 135° than at 0°;
whereas the 28 lines follow more closely the physical shape of the cavity. This method
of averaging is admittedly crude, but the cubical geometry makes proper treatment very
difficult. The 0° 28 curve has & similar shape to the D-D curve, Fig. 8, and is
closely'Eqﬁ of the 1359 ourve at all r. The fact that the 0° Ra=8 curve is 157 lower
than the D=0 curve cannot be considered significant.

The similarity of the L50 and 90° 25 distributions in u.C {Fig. 3) near the
cavity is to be expected if most of the detector response arises from the random
neutron current rather than that from the source. Tha higher value for U at large r
is a boundary effect arising from the larger cuter radius of the U tamper. This is
illustrated in Fig. 11 by the trianglo# marked "additional WC 90°" which were taken
with an additional 2-1/8" of WC on the outer surface in the neighborhood of the detec-
tor. There are no differences betwsen U and WC tampers significantly outisicde of experi-

mental error in the 25 detector response.

I1Y. MsTh-Be Source

A similsr set of measurements was made with 500 m¢ of isTh in a beryllium
sphere of 4 om outside diameter. Thia‘sohroe was placed in the ocenter of the U or WC
tamper oavities, The results are shown in Fig. 4. '

| In this ¢ase, the source is very much weaker than any others used, making it
difficult to obtain an accurate value o§ the bare-source counting rate. Two‘different

measurements are indicated by the two horisogtal lines of the figure and the ordinates

are arbitrary counting rates, atgndgré§z§§.a§.iﬁ'the other source measurements. In

this method of plotting, the error in the bare gource does not affect the comparison of

L] eae ¢ o
2 0. L ¢ o o @
= oM

the two tamper materials. The oéuhtiﬁghéer?E ace.in
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In contradistinction to D-D end Ra<B results it is immediately evident that
for the neutrons of this scurce (= 800 Kev) WC is superior to U as a tamper. Ths dif-
ference is somewhat larger than that to be expected from the mbsence of 26 fisaions in
the U. This is consistent with & shorter mean free path in WC for these neutrons as
found by differentisl measur=neants. The multipllcﬁtiqn appears to be lesg than for
el ther d-d or Ra-E neutrons for both U and %C even conaider%ng the uncertainty in the
bare-source values It is possible that the average neutron energy in the tamper may bs

higher for this aourcé due to the deoreased probability for 1arge»énergybloan inelastio

scattering.

CONCLUSIONS

The multiplication by various tampers for'neufrona from the three different
sources is summarized in Table II. It is evident thet if C is unacceptable as a tamper
due to the low average energy, then VC and U.are the best tampers with U perhaps
slightly praferabie for neutrons approximating the energy of fiséion neutrqns. The
distribution curves 1llustrate the effect of inelastic scattering and mean free path

and are consistent with expectations based on differential data,
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L
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TABLE IX

Summary of Multiplicatlion Faoctors

Tamper D-D neutrons Re-B neutrona ¥s8Th-Be neutronsa
#o(28)  Mg(25) - Mg(@8) ¥,(25) Mo (25)*
AC 1.29 L.72 1.12(0°) Le5 L5
U 1.50 5.4 145 541 3.6
Pb 2.0 2.1 1.9 3,0 i
" Fe 1.66 3.2 1.8 3,0 -
c 1.52 L.5 1.8 6.2 mew
Note: Valucs of li, are atlr = 9.3 cm for %C N

r 3 10.3 cm for all others.

=Approximete values, see text.
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