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The increase of’responee of 25 and 28 dekeotora, due to the reflectd.oxxby

us twqwr&= to neutrom from the D-D eourco and neutqwns ~rorna Ra-B and Ms%%-M

:@has ken measured. Xhe radial distribution in these tarnper~has been deter-

1. The rmults pcmdt conclusi.qnsas to the relative eff’ectlvcmss of

:M txwipermaterials cmd provide a oheck on the ovwall properties as
*

nuclcm constants.

—_

——.-.___

● ● ☛☛ ● ● e* ● *. ● m

89 .* ~: ,. ,m.*

. .: . .0

● ● ,* .0 9= ‘::
● ● *
.s)0 9:* :0* ●:* :.. ●*

—

UNCLASSIFIED

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.

.

e- :-w
*g:oo:

:*; ~e,

:*:,
● *●** ● .O

● ● ● .*
.* ● ** :“e.*O .

● * ● *9 . = .e
● 9●***:**m ● *

● * ●
9*

● ● :*
..* :0

.: a;.* ..0

● UN
,;
,. “3-’,,

;:
---- ‘“’ ~ ‘— .—— _.

INTF.GRALFXPtiRItifiJT~=i“

,,,,, TAMWX RRFIJMX’ION’AND DTSTRIBUTIWS~: ——-.. —? ———.. —
::,

Two diff%remt metho~s of predicting the gadget behavior have been rather

thoro~ghly disausmd. The lldifferentialttmethod consists of introducing measured nu-

chd~’cona%dm into an adequate theoretical treatment of the behavior; the “integral”

the pharncteridqica from measurements,of the over-all ef-

an arrangement an closely analo~ous to the actual gadget as
.

.!

atan$68 particularly in thk numbir and ener~y of ~nt?lasticallyscattered neutrons and

in the low ener[yypart of the fisej.on

The lattrr method is limitqd

and the difficulty of exaq%ly

Spectrum* pluo whatever inadequacies exist in

by laok of active material or a strong fi~aion

duplicating the absorption and scattering pro-

fi$si,onsource in a thin shell of active material

oan Q!lobtqined by the me~od reported by De~ViTein LA-133 but this method’i~ limited

to tamper zwterimls wh%oh,do not appreciably absorb thermal neutrone$ and the spectrum

is r@ that of a solid core.

A program of measurements v+th ?5 and 28 fissi~n Chambers has been

out with a number M tamper meterials~ oodoes and gemnetrioal arrangements.

oarried

Here in
.,

Part””~the remits of’measurements in tampem with a oavi%y Qf 9 m radius around the

mnarce are described. Part 11 till be devoted to results with a m~k U H3 core filling
/

this mmity, and Part 111 to mmsurements with solid U and WC -era. The theoretical

work connectcxiwith these measurements will be reported by Group T-3, and a mammaryof

the rksults of the analysis will be~ritten jointly vJiththi8 group.
●.O ●’ ●m8 9**●*

●.9 : w
The differential oonetanto tatid;tlfhir~n{sg~~ effect as predioted from cal-

●.* 9:9:9-9*99*9 ●=

Gu3ations may be checked by measur
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material. If’the dimension~ are ohosen to approximatee.those of an actual tamper then

not on3y the effect of nuclear con6tants but also that of geometry will be included.

The aignificmoe of measurements with a 25 fission chamber ia eviden%, and moasurementfi

with a 28 chamber ,yieldinformation concerning the neutrons above

crease of ccunting rate at the inner surface of the t~mper due to

radial distribution tn the tamper can be calculated and me~sured.

one Mev. The in-

its presenoe and the

The distribution

with a 28 det~tor is particularly mmsitiveto ~nelastio rnoatteringbelow the 28

thredmld and is probably the most aenedtive method of’meazmring *Ms factor.

The tamper~ investigated in integral form were Pb, Fe$ C. U and AC. The

geometry of the ’i’;C%amper will be discu~aed in the seotions on results since it varied

acoording to the experiment. The others were all hollow spheres of outside radlua ~

radiw 9 mQ Wdial oyltndr$cal holes 1 inch in diameter passed through

aooomodate the dete@orsV These holes were plugged An front of and be-

hind the detectors whioh were 1 inoh diameter cylinders 1 inch long. 28 and cadmium

.
covered 25 fission delxmtora of *he npiral type developed by Bright were used. The 25

spirals wore ~~~ or 65$ material and oontalned ef.feativolyabout 15 mg of 25 metal and

the 28 spirals

RaBe source in

dividad by the

have occurred.

between 200 and 350 w of 20 metalq A ccunt waa frequently made with a

a otandard paraffin geomotry. The oounting rates in the tamper were

standard geometry count to eliminate the effeot of any drift which might

In eaoh experiment the sourm was ~laoed in the oenter of the tamper

and radial distributions measured with both deteotors. 13singthe whndardizatlon of’

the deteotorfiand the 28 data. the 25 data was raduoeilto pure 25 distribution.

In ordor to use the d-~ aouroe, the spheres were spilt on a median plane.
,,

Three radial holes approximately ~~8”o~-$i~etW@8T~”;ut through the shell in this
..e. ●: ●0

plane. 13ymeans of a ohain hoist the=~~a~”e~l~:b~”~ung surrounding the target.

~M-,,,,

●

:
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The incident be~n of deuterons collimated to 3/16rt diameter entered through one hole,

~trikizqjthe face of a cold copper tube cut at i!+5°. The ~ooling lead for the ice tar=

get was introduced through the 6eoend hole. The third served as an exit for protons

from the alternate reaQtion whiob were cxxmted to monitor thr neutron yield. The pew-
.

turbation of’the neutron distribution due to these holes was assumed to be small.

Fig. 1 ehowD m tamper as~emb$y.

It i~ olear that before the data oan be aomparad v~itha theory for a point

detector, correction must be

caused by the finite si~e of

1. )3-DSource——

‘JMed.d source was

applied for the perturbation of the mutron deneity

the detector.

mer~y there is roughly a factor of 2 between the m~xlmum yield per unit solid angle

at 0° and 180° and the mlnixmm yield at 90° to the deuteron beam. The ensr~y of the

neutrons VUt’iW3 from 3.05 Mew maximum at 0° tp 2.Q9 Mevminimum at 1800. ‘i’heradial

distribution ourvea for various angles in the tamper differ due to these asymmetr$os

of the flource.

not fall off ae

scattering from

For not too large oapturc, the neutron dens$tyalozag the $30°axis will

rapidly as for @ symmetric source since it reeeives contributions by

regions of higher donrsltyat larger apd smaller ax@es. Gonverfjely, “

the 0° distribution will fall off more rapidly since it losss mere to larger anglea

than $t gains. If the variation of neutron yield were the only contribution factor,

one would expe@ near-symmetry of the distribution with angle around 900~ In this

case a solid ang~e weighting of the oounting rate as a function oi’angle

radius would give an average V@ae oorresponung to a -eymrdxic fwurce.
***1*9*●*

conceivable.tha’tthe variation 6~/~~l~Osti} ~a~@ng with cxmrgy might
*

●G ●:*:00●:0 :**:*,D

for fixed

Movfeverait is

oauee the
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solid angle average would not be a true expression of the aituntion. iiOVWVer,tho

of mattering cross sections in the energy range may

Meaaurementa were made in the tamper at 0°0 !k~”,$)0°

examination of the 28 distributions for tho~e angles

be expected to be small,

end l~s” to the deuteron

shows the follofing

things: the 135~ curves lie quits close to the ~~” curves both of which are below 0~

and above 900 ourves. This indicates that the main factor is the ,yieldvariation be-

cause an energy effect would uauso a larger difference between 45° and 135° than be-

tween 90° and l~~”. On a wmi-log plot the 28 curves are nearly straight Xines. The

0° curve in generally ~teepent although there ia not m.mh var$ation in slqpe between

the .anFJw. Them features suggest a solid ang~a average ae an adequate summary of

the result~ as a function of radius. The avera~e wa~ obtained by plotting the counting

rates againat cos 4?for the range 0° to 1800. The area under this cnarveis just twicae

the average value,

The only%lC tamper made available.for the~a wperlments had to be built of

surfaoe ground blocks of density % 14.G gm$~cc. ‘l’hespeoii’icmttonfor cobalt conten%

-S :&% by weight, Theso

crom eeotion 4-7/13” cm a

placed in the square cross

blooks were assembled to form a rectangular block of square

side and 12-3~fl thick. The cavity was symmetrical~y

seotion but waa offset along the other axis~ The midplanm

of the cavity aleng the 12-3/141t axis

inches fromtie other end. Since the

the races at each end of the 1203~fl

6=544’8”mymre,

on the other.

&he detectors.

An attempt was

was 5.55/6!4 inches from one face and 6-57/&

cavity was made by offsetting the central blooka,

axie were not plane. The central portion of each,

protruded from the rest of the nurface by 1-7/16f’ on one end and 11/16”

Square cross iuectionholes were cut for the d-d target assembly and for

Drawings of one ~l~c,o$ thO$.t~#g$ a~sembly are shown in Figs. 2 and 30
● 0 ●8 ● *: : :**.
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corner~ with l/2r1cubes,of’FW to approximate a sphere. The radiu~ of tha sphere hav-

It sh~uld be noted that becau~c of the lack of aphericity of the inner and

outer Surfaces@ the shell was of”varying thickness, mostly thinner than the other

tamper shells. Ahm complicaticwmwere present In avera@ng over the angular aaymml%y

of the d-d source beCause angular asymmetry alno existed in the geometry, AuxiJ$ary

experimen~s with a natural source showed that a ~ detector wad ~nsenaitive to the

cwtral aavity shapes the mass bf tamper pre~ent determining ita ceunt!hg rate. The 28

detector was largely sensitive to the th$ckneas of material between it and ti]esourcw,

In front of it to equalize the path traversed by the direot neutron beam at the various

done for meawwmmts on the d-d sourm for all

valuen thus measured were avera~~edaa dmwxibed pre.

viously. Moause of the small oapture the 25 detector was affected by the irregular

outer boundary be~inning viithsmaller radii than the 28 detector. Consequently, the

points taken for r*6066r’ could not be avera~ed to have any mnaning for the 25 detector.

the raltioof tineaverc~e oounting

bare source. !I’hiswill be called

detector whose center is a distanoe r f’ram th~ murm~

rate in the presence of the tamper to that for the

50 pure 25 detector .?A8slx$%edpreviously. The rnultipl$GiatiozKis juot

age) and the neutron flux bei~g indicated by the subkcr~pt. For 25, except in qeaial

cmses, t!$mper= C@o*rce” For 28 the inelastic &cattering may alter the spectrum in

the tamper so that ~~mper diff@r@ fhm ~~ource. It is of interest *O note that this

same rendition existed when differential measurameht~ were made with a recoil d&xJotmr

whose sensitivity curve$ corr:apo?:d:~.}~.$C&.:urve*was not a square function. In-
9. ● ● *

w :: :
9*em.

9.. ● m-
● * ● *O ● *. .:* :.. ● . _ .—
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ela~tie oross section derived from those meaaurement~ on the aasunption of a square

function sensitivity curve might fit only in f’irwtapproximation to the interpretation

of.data measured with a 28 detector whoso crcurve differs from the recoil aansit$vity.

Table 1, zmmmarizeB 14.,the multipMca”blou for the front of’ the detector

fluQh with the inner surface of the cavity. A cwmparisor?of’the~e values for various

tampers of’the same size is the beast menaure of th&ir r~lative worth in increasing

neutro~ effectivenessat the inner surface. Differences between tamper~ might be

13eicau8eW the cavity and the fact that the ehel.lsare of finite thickness,

taking account of them effects. However,

inspection of the multiplicatio~ curves.

For all tempera, certain general

butionn. 28 multiplication in all tanpera

inner boundary of the shell and fuals with

qualitative concluaiona may be drawn from

difi’erence~exist between 28 and 25 distri-

reported here ia a m~xirmuzvery near the

increasing radiu~. 25 multipl%oation, on

the other hand, rises with increasing radius from the inner boundary, reachee a maximum

value tandfalla again as the outer boundary is approached. This is the expewted be-

havior since capture i’or 25 flux is almost non-existent M’heteaafor 28 flux it is ap-

preciable since inelati%icscattering below tine 20 threshold is ecjuivaled to Capture*

Two things combine to determine the 28 multiplication curve, the scattering

9* ● *O ● s0 . ● 2.-—-:
● 9** ● b ● ● .-m- --

::. . *a *a_-
. . . . -v—

-A~oe .

..-.

.- .— ..—.... .-
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coypaniaon of the various 2(3 curves, that Pb has the least inelastic scattering per co

and fithe most, excl~~dimgWC since its geometry makee interpretation difficult. AIPO

id may be concluded that ~ for Fe is shorter t~n )+~for C. This is in agreement with

differentialmeasurements for the primary energy.

The 25 multiplication curve is ohief}y determined by the average $G for the

neutrons detected since Jo Is very lwge. As already outlined, the curve till rise

with increasing r from the inner boundary un%ll lealo+igefrom the outer boundary causes

it to drop again. lhe Shortcr $a We higher will be the maximum of the curve. If one

tmnporarlly neglects change~ in ~25, a cwnparison of maximum height of different tamper

curves give~ relative A@ va3uee9 From a knowledge of the variation of’AS Wth energy

this will serve to estimate tha 8ps@ra relativerto each other in d~fferent tampers.

Before U is compared it mu$% be recalled that fission in the tamper raises the distri-

bution somswhat. l~ence, in order of maximum hei~ht $or 25 multiplication curves, tho

tanpors are C, U, Fe, F’ba~a%n excluding WC. ~his ie the order for Ae starting with

C the shortest and increasing through the list. ,A Cornpariaonof U and C is Intercmting.

Fran differential measurements As for C ie 4.5 cm at 600 K= and becomes shorter with

decreasing energy. he.for~ it3405 pm at la5 Wow, 4s0 cmat 600 Rev. Since inela~tio

soatterin$ requires that a reasonable fraotlon of the neutrons in U be below the 28

fi~d.on

quently

between

threshold the avera~e energy for U is probably well below lrn5 L!ev. Conse-

for C it is probably near or less than 600 Kev. !l’heresults of the oompa.flson

25 multiplication in WC and u were, at first thought, uneqeuted. Fission in

U due to the primary mutrons may raise the 25 multiplication a6 much as 20j$. Men

with thiq acoounted for, WC did not appear as good relative to U as expected. Sinoe

the geomotry of theIWC was 80 ~if$e~gnt%,~n$oqr~~etationia compl~cated. It ‘wasthere-
.! ● . 8~:’ ● ● D.:.

fore deoided neoessary to com~$’e,~~~~~~fi~oh~ in more idaxtioal geometries. This is
●* ●,9*●*

.- . .
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TABLE I

Tamper ‘ L!o(28) k40(2~j

Wc 1*29 4.71

TJ 1.50 5 J+,
Pb 2,0 204

Ra=B Source
b

The prooedure used in these experiments was the same as that of section I ex.

-thatonly one radial tamper hole was used for each ohmber$ i.e. the angular in.

Ixqgralwa$ not required on this symmetric sourca. The cen~rally located W-B souroe

containing 2 curtes Ra pressed with amorphous boron WR8 the strongest available source

pam!essing a reasonable approx@ation to the fimx$.onspectrum. Ihreahold detector ao=

tivatims with thi~ souroe and a ftssion spectrum have been coi~~aredby Peld as follows:

Rellwtion Sim(n,p)#2[ri,p) , F(nlp) Al(a.p) P(n,~) Al(n,y]

Threshold (mev) 093 1002 1.$?5 2.,6f? 0.90 2.39

[

Fitmion 1.00 0.69 0.090 % 0.170
R!llative

~ ().0()1 0.013

A(2t~V$ty ~c.~ 1*OO 0.5L 0.050 0.017 o.@ 0.003

!Pke average energy for *h@ Ra-B source, as determined by= distribution measuzwmnts
.l

&n paraHin4 is 2.1 Mev.

In order to speuify the i~cres~e ~ fission rate due to the tmper, mtwwre-

ments were made with the untamped pouroe~ These remdts followed I/r*, indicating that
*

room background was negl~gible. h$xmqremztswere also made to deteot any observable

● ● ✎✎ ✎ ✎ ✎ ✎ ✚
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amplifier operation, and particularly to insure the absence of drift botwean tamped

and

the

unim.mpedeour~e measurements,

The results of the measurements are shown in Figs. 10 - 13. ‘l’hepopition of

detector was taken as the center of the active volume~ The oonsistemcy of various

runs WaS within ~~fi. The dietributiom have been plotted times r2 in order to show di-

rectly the mult%plicationa M, of the tamper oompared to the untamped source at any

radius. Although oqly three

direct plot of the data frpm

DISCUSSION OF Ra=13RRSUiJTS

poaitiom!l

which the

Considering the.results ~s a

were nuwmured they detwmine a emooth curve on a

r2F aurve shape can be fairly accurately drawn.

whole@ the d.milar~ty of 01 curves obtained

with this source to those obtainy~ wtth the D-D +S strildng. The differences in prao=
~

tically all cases are auffieiently mna$l tp be ~thin experimental error. The Iargemt

difference appeara v~th the C

su~gest that the average mean

tn Pb and Fe are probably due

temper~ both 25 a~d 28 distributions, and is suoh as to

free path iq shor$?r for Ra-B neutrons. The differences

tq the effect of the complex spectrum of the Ra-D source.

There is no essentkl difference in either 25 Or ~ distribution with a U tamper. T4e

apparent differences in WC @volve the geome?r~ and mumt be discussed in more detail.
i

. The ourvoa of I?iga.11 and 13w!.th~aw@ar speoiflcations signify radial di~-
1,.

trlbutiona perpe@icular (0° and 90°) to the d.de of the edmatially squ~re median ~

plane cross seotion and diagonally (&50 and 135~) ~ra ‘this phum. For all these measure=

mentm the catity was wbical~ hence even wLth this spherically symmetrio source~ an

average was required for ctompm’ison. Th$s avedage was obtained by plotting lines of

equal density In the median plane and aesuwdng that the radius o! the best oir~le fit
=.*,= ● ✘✎ ● ✎

to these lines was the apptOpri@e”~.@ ~e:~or%espondin~ density. The resul~p of
9. ● *

● ● *
●= ● *9 :WG ●t. . . . .*

this prooedure for both 25 and SF ~$eoto~,~ ~~ldpcl.$cle.ayerq%eourves shown in the
. . . ee+ . ● @ **-.... . . 9 ..=
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Wgures. The cavity boundary at 10.1 cm is the radius of a ~phere of equal volume.

It IS interesting to note that the equal-drnsity lines for 25 and 28 have the opposite

behavior? a 25 equal-density line passes closer to the.center at 135° than at 00;

wherea~ the 28 lines follow more closely the physical shape of the oavlty. This method

of averaging is admittedly crude$ but the cubical geometry

diff%eult. The Oo 28 ourve hms a similar shape to the D-D

closely ~OjZof the 1350 ourve at all r.
,.

than the D-D curve cannot be considawed

~he similarity of the@ and

cavity is to be expected if most of the

The fact that the

si@ficant.

makes proper treatment very

curve, Fig. 80 and IB

00 Ra-B curve i8 15$ lower

90° 25 di8tx’ibution8inWC (Fig. 3) near the
.

detector re~ponae arises from the random

neutron current rather’than that from the source. The h$gher value for U at large r

is a boundary effect arisln~ frm the larger outer radiua of the U tamper. This is

illu~trated in Fiu.,11 by the trianglee marked “additional WC gOO’twhfch were taken

with an additional 2-l@lr of TC on the outer surface in the neighborhood of the deteo-

tor. There are no differences bet~eon U andl’,Ctampera 6Agn$fimu@Jy outkide of experi-

mental error in the 25 deteotor ref3pon43e.

111. ldsTh-BeSouroe

A similar Bet of measure.men~ama made w$th 500mo of MsTh in a berylMum

8phere of 4 m outsida diameter, Thiq soiroe was placed in the oenter bf the U orWC
.

tamper oavities, The results are shown in Fig. ~.

In khls Uase, the wurce is very much weaker than any0ther8 used, making it

diffioult to obtain an accurate value 0$’the bare-8ource counting rate. Two different

measurements are indicated by the two hor~zo~tal 12ne6 of the figure and the ordinates
9 ●O* ●

are arbitrary oounting ra%ea~ e~nd~r~;~?”~”a~”i~”theother ~our~e m~Sur~ent8* In
8 :*::

●m ●:* :09
this method of plotting, the e~.oro~.nth;”~r= &uwe does not affeat the comparison of

●-* ● ●. . . @.* ● ● ● ●’.e--- .

the tvfo tamper materials. Tho-oti%”tiilg.ar~~ a~”e...,$ndiwtedon the individual ourves.....,..-..—..._-.,___—.“,o- ,.-..
.... ..
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In contradistinction to D-D and ??a=Ilrcsult~ it f~ immediately evident that

for the noutr~ns of this gouroe (3 800 Kev) WC is superior to’~ as a tamper. The dii’-

ference i8 somewhat larger than that to be expected fmxn the absence of 26 fissions in

tiheU, This is consifitentwith a Shorter mean f’reqpath in WC for these neutrons as

found by differ@mt3aZ measurements. The multiplication appeara tq be 1c?5sthan for

bare-source valued It iB poseible that the average neutron

M.gher for ’thisDource due to the deorea~ed probability for

scattering.

CWXAJSXONS

energy in the tamper may be

~arge-energy-lossInela$tio

I’hemultiplication by various tampers for”raeu~ronsfr~m the three

murces ia mxnmar%zad in Table II. It $s evident that if C is unacceptable

due to the low average energy, then RC and U arc the best t~pers w2th U ~6A”ha~8

slightly preferable for neutrons @pprbximating the @nergy of fis~ion neutrons, The

distribution curves illustrate the effect of lnela6tic scattering and mean free path

and are consistent with apeotations based on differential data,—— .,.-.... -..
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Tamp er D-1) rleutrom
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WC
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o ● **
8 : 90 ● * ::
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-lL-

TABIE 1$

Multiplication

RR-B

%(~)

I’fimtors

neutrons MaTh-Be ~eUtrOnS
PAo(25)*

-— ...—-”..——...—————

u 1.50 5A 1,45

Pb 2.0 ~*4 109

“ Fe lA6 g& 1 ●q

c 1.52 4.5 1’%

4.5

value6, 13eetexti

● *9 ● . . . .*. ● *V.* ● *. : :: :..*. ●*::. . . : ● *
99 ● D* ● *. . . . :.. ● *
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