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ABSTRACT

By means of absorption measurements in lajyers of Blo, the energies are
estimated of neutrons emerging from critical assemblies of 25 metal tamped - with #C and
with U. The results are compatible with the presuumption that one or two percent of the
fissions are caused by neu:l:rons of about a kilovolt inside the WC tamper, whereas there

' geems to be no such slow component in U,

SRR EET UNCLASSIFIED

APPROVED £GRI-PUBLIC REL FASE



APPROVED FOR PUBLI C RELEASE

WA £

eSo

NEUTRON ENERGIES IN U AND WC TAMPERS

The unexpectedly low time rate of multiplication in 25 surrounded by WC,
as revealed by the time-soale experimentl) carried out by R-1, was tentatively explained
by R, Serber by the assumption that the neutrons returned by the tamper are much slower
than previously expected or that they contain at leagt an sdmixture of very slow
neutrons, In LAMS-242 and 242A Baliley, Baker and Hanson reported measurements of the
absorption in 810 of those neutrops which esoape from the tampexj° While the ‘experl-
ment showed oiearly that the neutrons from WC are less energetic than from a U tamper,
.corrections due to stray neutrons (scattered in the‘room) were oonsliderable and make
it difficult to draw more detailed concluslions,

The measurements were therefore repeated in é different geometry, such that '
the absorbers intercepted only neutrons coming from the tamper but not scattered
neutrons, The latter thus formed a.baokground which was measured by completely blooking
the direot peth, and which was then subtracted from all other readings, The absyrption
curvee 50 obtained are shown in Fig, 1, They show indications of a slow group for a WG
tamper,

Another attempt to detect an admixture of very slow noutrons was made by
measuring the fission rate along a radius inside the 25, in steps of 1/8", expecti;g
e rise near the inner surface of the WC such as was found with a zold detector (see
LANS-248, Figo. I1l}, No such rise was found with either a U or WC tamper,

Arrangemsnt {or B-absorption measurements

The assombly was set up about & ft above floor level, near the center of m large room,

on top of an iron table 1/4" thick. The 25 core was approximately cubical in shape,

1) An indication of this effeat with temper: @" ne had been found earlier by R-3,
LAMS-222,, . ~\\'
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5" x 6" x 4-1/2" with the U tamper (4" thick) 4.1/2" x 4-1/2" x 4-1/2" with the WC
tamper (4-1/4" thick), The whole assembly was thus approximately a cube of 13" sides

in both cases,

The neutron detestor waes a proportional counter, 12" long, 1l=1/2" diametsr, filled
with BloFb at 20 em pressure. (The counter was lent to us by Helmholtgz), It was
placed inside a double-walled brasgs tube filled with enriched boreon {80 percent 310)9\
the boron layer being 3/4" thick, i.e., about 2 gms/om®, The back of the counter was -
protected by a gimilar lﬁyer of BO, the front by ,6mm/Cd, The relgtive position

of counter and assembly is shown to scale in the insert of Fig, 1, The counimy was

connected to a linear amplifier (model 100 Preamp) and & scale of 64,

The BC cbsorbers, 6" x 6" in size, were the ones prepared by llanson {see 1ANS 242),
They contained respectively 0,35, orez. 193§. 209§, and 6,02 gms/bm? enriched boron
(95 percent Blo) in thin brass éontéinersf snd one similar but empty container ("dummy")
was placed in the beam to measure its inténsity without absorber, Each absorber

had a hook soldered to it by which it could be suspended from & thinewalled metal tube

running about 6" above the line joining the counter with the center of the assembly,

4 monitor was used to allow for variations in the reaction rate, It consisted of a
thin layer 25 fission chambers, comnected to an smplifier and scale of 64, The monitor
ohamber was placed about a foot from the essembly and protected by Cd to make it less

responsive to changes in scattering conditions- {people moving, etc.).

Prooed\.u-e and Results; \Q\Q,“

After alipgning the géﬁd absorbers aund finding how far from the counter

the absorbers had to be placed sp that one oould just be sure that all the neutrons had

to pass through them in order to reach #ﬁe.mouﬁh- ,the boron shield (position 1,

see fig., 1), the assembly was made su?proritiﬂhloaqﬁ stq&ilized at a power of several
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tenths of a watt (estimated from the counting rate of the monitor), At that power

one received a dose of .lr (as indicated by a Chicago type electroscope) in a few hours
at a distance of 20 ft, A B10 absorber {or the dummy) was then inserted in the beam
and both the counter and ihe monitor were turned on simultaneously and allowed to count
until the monitor had counted 1000 c¢licks = 64,000 fissioms inr the chamber, (At first
500 olioks were used,) In this way intensity changes are automatiocslly allowed for

and no timing is needed.

The results for the U tamper are summarigzed in Table 1, The first columﬁ
indiocates the absorber used combinations of polythena'and B0 yere used to block the
beam as completely as possible. The next 4 columns zive the counter and momitor
readings C and 3, their ratlo R = C/H, and the R,4.S, statisticel error, E of this

ratio, computed from the number of particles counted thus:

E= R [(1/64c) + (1/64x)
= [R(T¥R) /8 {r'a"‘.,

The reading with the beam blocked is 344 and this was subtracted from all R wvelues,
80 as to include only neutrons ceming directly from the assembly, In the last colummn
the transmission in percent is given,

The results for the WC tamper are presented similaily in Table 2,
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i oo ® Al ° 1. 2 .
-6 - ———
Absorber ¢ M R=C/M B Baokzround Transmission
(counter (monitor (RMS error of ,344
olicks) olicks) of R) _ subtracted —

Duminy 396 500 790 0066 :

389 500 o778 2066 «240. 100 percent

392 500 784 » 0066
0,35zm/cn? B1O 378 500 756 0064 412 93,5 peroent
0,82 " " 360 500 0720 . 0062 376 85.5 percent
1,33 " 366 550 666  ,0056 " o322 73 perocent
2,94 * ¢ 282 600 -964 200562 0220 50 percent
4" polythens plus 172 500 344 L0038 -

4.3 gm/em? B10

.o.: °::°:o o:. vo,
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Table 2, (WC-tamper)
Absorber C M R= c/r.( B Background Transmission
(counter {monitor (RMS error of .140
clicks) olicks) of R) subtracted
Dﬁzmny pD‘S.,Z 496 1000 456 000;'_52
* 458 1000 458 00032
" " 459 1000 0458 %0032
" " 451 1000 o451 0032 318 100 percent
" " 457 1000 -457 0032
" n 464 1000 464 20032
" " 460 1000 =460 0032
" i 458 1000 . +468 0032
.35 gmfous POV 416 1000 ‘w415 0030 :
o " "ow 415 1000 415 0030 0275 86.5 percent
" " non 415 1000 2418 '« 0030 ’
" " non 414 1000 414 20030
0,82 " 7" " 374 1000 o374 0028
o "o 378 10400 2378 20028 0234 73.5 percent
n non 371 1000 371 3028
1,33 " ™ " 358 1000 2336 20027 :
" *on 348 1000 348 0027 201 63 percent
oo " 340 1000 340 0027
2,94 " won 263 1000 «R63 0023
" wom 288 1100 '+ 268 0022 «122 38,5 peroent
" "o 262 1200 262 20023
6,02 " " %" 205 1000 »206 10020 - 066 21  peroent
AL L 1s 1000 207 ,0020 .
" pos.l 209 1000 2209 0020
" pos,3 211 1000 211 0020
9 " " pos.2 172 1000 o172 -0018 2032 10 percent
6 zm/em®Bl® plus .
4" polythens plus 148 1000° 2148 20016
5 gmfom® B
3 gm/on®Bl0 plus
4" polytheno plus 147 1000 0 147 . 0016
6 zm/cm® BlO
4" polythene plus 143 1000 2143 -0016
9 zm/om® B1O o, %ee ,
: [ ]
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Here the absorber was placed in position 2 (see Fig. 1, insert). This was done after
putting the 6 gm/bm? absorber in all three positions and finding that this made no
nppreclable difference° (See table 2) Pogition 2 was preferred because there one
can be sure that no neutrons from the assembly can go past the absorber and still enter
the counter. The background subtracted is ,140, because Table 2 indicates that placing
more boron between the pnlythene and the counter improves the blocking of the beam,
(althousgh barely outside the statistical error) and it was thought that complete

blocking might zive a slightly smaller reading than ,14%, the smallest value observed,

Discussion . '
In Pig. 1 the transmission (last column of Tables 1 and 2) is plotted
azainst the pl0 thickness, together with the values reported in LAIS-24£A, The large
deviation between the two U measurements can probably be explained by the difference
in geometryy in the older set-up, neutrons soattered in the 10 had still a good
chance of hitting the countsr. The WC nmeasurements agree much better, as one would
expeot at the lower neutron eneryy where soattering in B0 3ig igss prominent.

The straizht ling drawn tentatively to fit our U points corresponds to
acg(B) of 3.7b, Such a total cross sectlon would correspond to an emergy well over
200 Kev and it probably does not Qary much with energy in that region, so that the
straightness is not very surprising. The dotted line drawn through the WC points
corresponds to a mixture of 90 percent neutrons for which ot(B) is 4;8b and 10 peroent
for which it is 20b , corresponding to energies of about .l Mev end 1,5 Kev, In terms
of flux (allowing for the greater sensitivity of the BF count?r at low energies) the
slow component amounts to about 2 percent only. The points would seem to indicate that
the slow component is perhaps even slower and weaker,
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The measurements of fisslon distribution as shown in Fiz. 2 neither prove
nor disprove the presence of such a slow component, The ourve for the U tamper was
obtained with a pseudo-spherical 25 core in 4" U tamper, as used for the time scale
experiments. The irradiation for the WC curve waé done during the 1o absorption
measurements reported here, with a cubloal 25 core, which explains the smaller
difference between center and edze, Plates of 26, 1/8" x 1/2" x 1/2", were stacked
into the ocore and their y-ray activity was measured afterwards and divided by the
weizht of each plate, The ﬁi:;;fin the U ourve were obtained by m;;suring the
1/2" x 1/2" x 1/2" cubes and dividing by a suitable faotor §0 88 to match the plates.

The completely smooth decrease of the fission rafe right to the edge of
the 25 is further emphasized by the activities of the two plates of 1/&6“ thiocknesgs
which were placed right at the edze of the core. It does not disprove the assumption
that, say, 2 percent of the fissions are caused by 1.5 Kev neutrons returned £rom the
WG tampery such fissions would be represented by the hatched area and after subtracting
them the curve still looks reasonable; 1t does so (dotted line) even if 4 percent of
all fisslons are asoribed to the slow component. On the other hand, gold activation '
(see LAYS-248) appears to show & neutron component of sven greater absorbability in
25 and 1f gold were uniformly distributed through the 25, about & peroent of its
activation would be due to these slow neutrons, Since the activation cross seotion‘of
gold rises much more rapidly.with deérossing negtfon energy than that of 25 it is
reasonable that zold should show this offect while %ﬁ does noﬁf Unfortuﬁately the
disoussion of the gold effect rests essentially on one point snd the measurements canw

not be repeated in the near future.

Conolusion Srom all the evidenoce it se&ms likely that in a wc tamper some neutrons

get down to enerzies of the order of 1. va.gnd that 1.2 percent_pf the fissions are

el [\Sb\\'\b) Lo
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While these neutrons would substantially reduce the

caused by such neutrons,
they would hardly

multiplication rate e near oriticality, at high values of k

contribute to the reaction, which would bshave essentially as if ths orit were sbout
5 pordent greater thﬁu measured., Howaver this conclusion is by no means certain and

both a more careful analysis of the data here presented and more measurements as soon

as possible secem to he indicated.
Ina U tamper no evidence for neutrons bslow .l Mev was obtained,
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