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ABSTRACT

By means of absorption measurements in layers of BIO, the energies are

estimated of neutrons emerging from critical assemblies of 25 metal tampedwith RC and

with U. The results are compatible with the presumption that one or two peroent of the

fissions are caused by neutron6 ofabout a kilovolt inside the WC tamper, whereas there

seems to be no such slow component in U.
.
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NEUTRON ENERGIES IN U AND WC TAMPERS

The unexpectedly low time rate of multiplication in 25 surrounded by KC9

1, oarried out by R-1, was tentatively explainedas revealed by the time-soale experiment

byRQ Sorber byythe assumption that the neutrons returned by the tamper are muoh slower

than previously exp~cted or that they contain at leaat an admixture of very slow

neutrons. In LAMS-242 and 242A Bailcy9 Baker and Hanson reported measurements of the

absorption in B10 of those neutrops which esoape from the tamper. WMle theexper2-

ment showed olearly that the neutrons from WC are less energetio than from a U tamperO

corrections due to strqy neutrons (soattered in the room) were oonsiderableand make

it difficult to draw more detailed conclusions.

The measurements were therefore repeated ina diffsrent geometry, such that

.
the absorbers intercepted only neutrons ooming from the tamper but not scattered

neutrons. The latter thus formed a background which was measured by coruplotel ybloeking,

the direot peth, and which was then subtracted from all other readings. The absorption

curves so obtained are shown in Fig. 1. They show indications of a slow group for a WC

tamper.

Another attempt to deteot an admixture of very slow neutrons was made by
.

measuring the fission rate along a radius inside tho 25* in steps of l/8g*,expecting

a riso near the inner surf’aoeof the WC suoh as was found with a gold deteotor (see

LM?S-248, FiG. 111). No such rise was found with either a U or WC tamper.

Arrangement for B-absorption measurements ‘..,

The assembly was set up about 5 ft above floor levels near the center of a large room,

on top of an iron table 3/4” thick. ‘l’he25 aoke was approximately oubical in shape,

.

.

1) An indication of this effeat with tampe~ “ ne had been found earlier by R-3,
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5’$x 6“ x 4-1/21’with the U tamper (4!’$hick) 4-1/21~x 4-1/2” x 4-1/2” with the WC

tamper (4.1/4” thiok)o The whole assembly was thus approximately a oube of 13n sides

in both cases. ‘

The neutron de+motor was a proportional counter, 12“ long, l-1/2n diameter, filled

‘withB10F3 at 20 am preswreo (The counter was lent to us by Helmholtz). Xt was

placed inside a double-walled bra~s tube filled with enriched boron (80 percent B1*)S’

the boron layer being 3/4” thiok, !iOe.,about 2 gms/cm26 The back of the oounter was ‘

prot~cted by a sim$lar layer of BLO, &e front by ~6mm/Cd0 ‘Therelative position

of oounter and as8embXy is shown to scale in the insert of Fig. 10 The ooun’~~ was

oonneoted to a linear amplifier (model 100 i%eanp) and a soale of 640

‘i’heBIO c+.bsorbers,6“ X61$ in size, were the oneq prepared bylhmson (see LAM8 242).

They contained respectively 0J55, 0T82, 1,33, 2094, and 6.02 gms/cm2 enriched boron

(95

was

had

percent BIO) in thin brass containers! and one similar but empty oontainer (“dmmy”)

plaoed in the beam to measure its intensity without ebsorbera Eaoh absorber

a hook soldered to it by which it could’be suspended from a thin-walled metal tube

pni~ about 6“ abovo the lino joining the oounter with the oenter of the assembly.

.

A monitor was used to allow for variations iq the reaetion ralnO 1% oonsisted of a

thin layer 25 fission ohambers, oonneotod to an amplifier and soale of!640 The luofitor

ohamber was plaaed about a foot from tho assembly and protected by Cd to make it less

responsive to ahanges in scattering conditions.(peoplq moving, etoe)~

●’

Prooedure and Results~

After aligning the rs and finding how far from the counter

the absorbers had to be plaoed so that one oould just be sure that all the neutrons had
.

●.
to pass through them in order to reaoh,”#l;~&~th*,tie$$e,Oboronshield [po$ition 1$

●0 #
●* ●:. ● : :* :9

see fig. 1), tho assembly was made su~pr?y~t$~>:~ms~.~hilized 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 reoeived a dose of .lr (as indic~ted by a Chioago type electroscope) in a few hours

at a distanod of 20 ft. A B1” absorber (or the dummy) was then inserted in the beam

and both the oounter and the monitor were turned on simultaneously and allowed to oount

until the monitor had counted 1000 olioks ~ 64,000 fissions in the ohamber. (At first

600 olioks were used,) In this way intensity ohan~es are automatically allowed for

and no timing is naeded.

The results for the U taiiperare summarized in Table 1. The first

indioates the absorber used% ooabinations oi polythene“andBIO were used to

Oolumn

blook the

beam as completely as possible.

readings C and X, their ratio R.

ratios computed from the number

.

The next 4 oolumns give the oounter and monitor

= C/M, and the R.iLS~ statistical

of partloles ~ounted thus;

E = R @/64C) + (1/64M)

The readin,~with

so as to include

the transmission

the beam blocked is .344 and this was subtracted

only neutrons cqning directly from the assernblyo

in permnt is given.

errort E of this

from all R values,

In the last oolumn

The results for the ‘tiCtamper are presented similarly in Table 20
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Absorber.

Dummy

0d5&a/CR12 BIO

0,82 “ n

1.33 n “

2.94 “ n

-6-

R=C/Id
(co~nter (moitor
olioks) slicks)

395 500 .790
389 500 .’778
392 500 .784

3?8 500 .7s6

360 Soo .720

Background
(RX3~e~ of .344

_ subtrm

.0066
*0066 ,440.
.0066

.0064 .412

366 550 .666 .0056 ‘ .322

282 500 .s64 Q0052 “220

Transmission

100 percent

93.5 peroent

85.5 peroent

73 peroent

60 percent

.

.

1
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Table 2. (’#C-tamper]

R = C/?&
(RMS~rror

Background
of 0140
subtracted

TransmissionAbsorber
[:23

1000
1000
lGOO
1000
1000
1000
1000
1000

1000
1(X)O
1000
1000

1000
1000
1000

1000
1003
1000

1000
1100
100!)

1000
1000

1000
loop

1000

1QOL3’

1000

1000

-

~~&j
.450
0~~fj
‘.451
.457
“.464
“c460
.458

“.415
“.415
“n415
.414

‘0374
‘.370
.371

‘.336
“;348
.340

“e263
‘cI262
.262

-9205
,207

.209

.211

.172

.148

,147

0143

.0052
‘.0032
“.0032
“.0032
“.0032
“00032
“.0032
*0032

“.0030
‘.0030
“.0030
.0030
..

.0028

.0C)28
.0028

P0027
..0027
.0027

.0023
“.0022
m0023

..0020
~oo20

0Q020
.0q20

.0018

.0016

.0016

00016

Ix.l!nuy.
n 456

459
451
457
464
460
458

415
415
41$
414

374
378
3?1

336
348
340

263
288
262

205
207

n

n

!!

n

n
II

I
100 peroent I

I I

.275
It

n

n

n

n

Ii

n

n

It

n

n

It

11

N

n

n

n

n

0.82
,234

.201

0122

73.5 percent
●

1.33
63 peroent.

2.94
3865 peroent

21 peroent6.02 .066

#

“ pOS.~ 209
n pos.3 211

“ pos.2 172 .032

.

10 peroent9

6 &m/cm2B10 pluS
4n polythen plus 148
3 gm/om2 B18

3 gm/orn%lo plus
4n polythene plus 14?
6 @@m2 B1O

1434“ polythene plus
9 :m/&n2 BIO

.

“

●
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Here the absorber was placed in position 2 (see Fig. 1, insert). This yas done after

putting the 6 gm/om2 absorber in all three positions and finding that this made no

appreciable differenc80 [See table 2) Po$ition 2 was preferred beoause there one

can be sure that no neutrons from the asseably can go past the absorter and still enter

the oounter. The background subtracted is .140, because Table 2 indicates that plaoing

more boron between the pol~%hene and the comter improves the blocking of the beam,

{although barely outside the statisti.oalerror) and $t was,thought that complete

blocking might give a slightly smaller readi% than .143, the smallest value observed.

Discussion t

In Fig. 1 the trpnadssion (last column of Tables 1 and 2) is plotted

● against the BIO &iokness, together with the values reported in LAX3-242A. The large

deviation between the two U xueasurementscan probably be explained by the difference

10 had still a good

.

in geometryt in the older set-up, neutrons soattered in the B

ohance of hitting the muntere The WC measurements agree muoh better, as one would

expeot at the lower neutron energy where soatteri~ in BIO is less prominent.

The strai~ht

aut(B) of 3.7b; Suoh a

200 Kev and it probably

linp drawn tentatively to fit our U points corresponds to

total cross seation would correspond to.an energy wall over

does not vary muoh with energy in that region, so that the

straightness is not very surprisi~. The dotted line drawn through

corresponds to a mixture of 90 poroent neutrons for whioh crt(B) is

for whioh it is 20b S corresponding to energies of about .1 Mew and

of flux (allowing for the greater sensitivity of’the B@ counter at
.

the WC points

408b and 10 peroent

lP’5KevP In terms

low energies) the

slow component amount,sto about 2 psroent only, The points would seem to indicate that

the slow oomponent is perhaps oven slower and weaker.
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The measurements of fission distribution as shown in Fig. q neither prove

nor disprove the presence of suoh a slow component. ‘l’heourve for the U tamper was

obtained with a pseudo-spherical“25core in 4“ U tampsr$ as used for the time scale

experiments. The irradiation for the WC ourve was done during the BIO absorption

measurements reported here, with a cubioal 25 core, whioh explains the smaller

difference between oenter and ed~e. Plates of 26, l/8° x 1/2” x l/2n@ were stacked

into the oore and their y-ray aotivit~was measured af%srwards and divided by the
‘Wosres

weight of’eaoh plateo The ~ in the U curve wepe obtained bym~asurhg the

1/2” x 1/2” x 1/2” oubes and dividi~ by a suitable faotor to as to match the plates.

The oonpletely smooth dooresse Qf the fission rate ri~ht to the edge of

the 25 is ?.’urtheremphasized by the activities of the Iwo plates of l/16~’thioknecs
*

whioh were plaoed ri~ht at the edge of the oore. It does no~ disprove the assumption

. that, says 2 percent of the fissions are oaused by 1.5 Kev neutrons returned from khe
.

WC tamper~ suoh fissions would be represented by the hatohed area and after subtracting

them the ourve still looks reasonable~ it doos so (dotted line) even if 4 peruont of

all fissions are asoribed to the slow component. Oq the other hande gold activation

(see ~S-248) appears to show a neutron component of even Greater adsorbability in

25 and if

activation

gold rises

reasonable

discussion

gold were uniformly distributed through the 25, about S poroent of its

would be due to these SZOW neutronso Siqoe the activation oroes seotion of

much moro rapidly with deGrOa8iRg neutron energy than that of 25 it is
.-

●

that gold should show this effeot while “= A..- --A .f—fi-.-_—-_ 4.– ● -– ,,.

of the gold effect rests essentially on

Gy aoua Rcwf uxaxorGunaw3Ay 7me
.1

&e point and the measurements oan.

not be repeated in the near fiture.

Conclusion From all the evidenoe it se~s likely that in a WC tamper so:ne neutrons

the fissions are

APPROVED FOR PUBLIC RELEASE
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would substantially reduce the
I

caused by such neutron6P !Yhilethese neutrons

multiplication rate a near criticality, at high values of k they would hardly

contribute to the reaction, whioh would behave essentially as if tha orit were about

5 percent greater than measured. However this eonolusion is by no moans certain and

both a more oaroful

es possible seem to

Ina U

qnalysis of the data here prescintedand more measurements as soon

be indicated.

tamper no evidenoe for neutrons below .1 Mev was obtained.
.
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