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RESEARCH PROGRESS 1mETING 

May 2?v 1948 

Ro Ko Welcerling 

Neutron Sc·attering o Ao BratenahL 

' 
The experiments on the scattering of 90 Mev neutrons hmre continued 

with the use of proportional counters iri coincidence as detectoi"so It will be 

recalled that in ·the. early work stacks of." carbon plates were Uf:'.ed as, d.etec·tro::tso 

ThE'! results for the two methods of m9asurement agree quite Vlelle . Hmtmver :'- there 

exists a difference bet;ween the di.ff."erential scattering cross sections as measured 

with either sys·tem and those predicted by diffraction theory treating the nu<Gle:t 

as opaque obstacles of radii measured by McMillan et aL Intensit;ies j_n the 

scattered angles investigated (0° = 10°) are higher than the simple a_iffraction 

theory would predicto If the tail of the scattering curve is assumed. to gi've, 

the measure o:E" the inelastic scattering and this is subtracted from the observed 

v:alues 9 a much better agreement with theory is foun.do 

In Figure 1 is shown schematically the set-up of the apparatus usecto 

PropoJ;:tional counters ar_e used in triple coincidence with a 60 Mmr absorber placed 

between the second and third countei"So A lead house surrounds the counter· system 

at one end and behind it is placed a transition thickness of paraffJ.n for the 

generation of pro·tonso 

One of the' major d:l.i'ficult]_es in the use of. proportional_ cmmtors 1:3 the 

large range of counting rates requireclo 'l"il11en the <.:ou. drs are fj_r:::rt; placed in the 

beam to mea~ure its intensity ancl then placed .in the f'ielcl of scattered neutro.as 9 

the intensity range Yaries by a factor of a thousando . Since this type of ecn.1.nter 

system is limited to about 6400 counts per minute~ some other system of monitor:i.ng 
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the beam is neces.sary ~ The scheme presently employed J..nvo lves the use of. a Ell' 
3 

counter placed J.n the concrete shielding wall adjacent to the 6ollirn£tt ing hole 

through which the neutrons emerge. As a check another moni.tor counter is. placed 

in the concrete igloo at some distance from the shielding walL Because of. the 

large range of counting rates that can be, covered, low backgrounds and good ... 

plateaus 9 this system. has .been used with f.airl~1'salisfaotory results., Adjustment 

of the beam strength is made to provide approximately the same counting rates 

in the coincidence proportional counters under all conditions~ and the mon:i.tor 

counter takes care of. the large range of counting rates requiredo 

As mentioned above~ the results obtained with this. system confir.m preYious 

measurements with carbon detectors a In order .. to test the performan.ce of i;M.s 

system good geometry a·ttenuation data have been taken with copper over an :l.ntensity. 

reduct ion of about 10'» 000 a The half=value thiclmess found was between L G and 

L? inches 9 in agreement with values obtained by Knable using bismuth f'ission 

counter detectorso However~ it does not agree with the value of L4,:5 i:n.chc-Js 

obtained with carbon detectors by McMillan et ala . Measuremonts' wll1 be made o1~ 

the total cross sections of a number of elemen.ts in the eollimt:1ted beam with t.he 

coincidence proportional counter apparatus and with an energy threshold at 60 Mevo 

Some further total cross sect ion measurements were made outs;tde the shielding 

with carbon detectorsa The following table shows a comparison of these meGsu:re·~· 

ments with similar measurements of McMtllnn 9 an.d. with others made u:::dng the 

proportional counter techniqueo 

crt . 
(Carbon de"Gec·~ors) 

Pb ·~L '7·4 b 

Cu 

c Oo535 

d"t 
(Mn1VIH1ed: : t al) 

{~o 53 b 

2o22 

Oo550 

{Tt 
(P:t'Qport J.onal comrl;er) 

Oo54 
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Nuclear Cross Sect ior~~o _. N~~ Kna]?_~e o 

Attention is again being gbren to the ·problem of measuring total cross sections 

by the use of bismuth fission countersQ A considerable effort has been expended 

in attempts to i.mprove the instrumentationo Particular care has been exercised 

in aligning the apparatus with the neutron beamo This was done by taki.ng sha,dow 

radiographs of the beam with the appara·tus in placeo It is felt that this 

method is more accurate and reliable than that of using the opt:Ical system employed 

for aligning the cloud chamber o. To Hlust rate (see Figure 2) v the a1:1.gnment 

i.s such that a brass cylinder placed in the beam as shown in, th;:J fig;ui'l::O ca.st;3 a 

well defined shadow on the photographic plate placed in front of the detector chamber 9 

showing that the neutron paths are aligned parallel to the axis of the oylindel"o 

Similar radiographs were taken with the apparatus in place and wHh the phot;ographie 

plate placed at the end of the detectore This method is very quick cllld establishe.s 

with certainty the· alignment of the systemo 

The detector consists of an ionization chamber 18 inches long containjJJg 

30 discs 2 inches in d:i.ametero . Alternate discs are coated with a 1 mi.llig:ram per 

square centimeter deposit of bismutho A 500 volt potential is established bc,,·tween 

alternate plates so tl1at particles releaseq. from the bis1rrutb. are attracted ·~o artd 

deposited· on the non=coated plates. Without the absorber in place 1280 count~~s 

per minute were obtainedo By the use of thin bismuth coat:i.ngs a plateau :In the 

curve of the counting rate versus pulse height select_or is obtainedo FigurG 3 

shows a typical cui-1e. The discriminator voltage is customar:Hy used. at SO voltG 

where the change of counting rate is only 1=1/2 percen:!· ,-"3:r.: volt; o Meas-c;.J.:'srne.:tLtE 

conducted over a .long per:>.od of time incUc;. ·;;o ·that the :d.:.ic,·:JJ;;ili.tcts:c ·\:oJ:to.gc'l ·::nc-J 

the linear amplification are extremely constant so that the apparatus may be run 

without adjustment for considerable period.s of timeo 
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The scatterer v usually one mean free :path in thickness v :i.s placed at a 

distance of 8 feet from the detector so that the solid angle of scattering 

detected is only ~0004 steradians. Initial measurements on attenuation in copper 

agree with those obtained by Bratenahl mentioned abovev as well. as with the 

early work done last year on th:ts problem. The half=value th:iclmorw f'ound was 

between L6 and L'7 inches. Cross sectJ.ons measured thus far arc' g:i.ven in {~he 

following table as compared with earlier measurements of McMilinn <"J:t aJ 6 

McMi.llan 

H o083 

Be .431 

c o550 

0 0 '765 

Al loJ2 

Cu 2.22 

Sn 3o28 

Pb 4o53 

u 5o03 

LMB/6...;2=48 
Information Div. 

b 

Attenuation S t"f' H ·tt e· J~~-.ng through 
measurement 1 1\fFP. of r:'J.atei:·i~:tl~ 

.0'79 b 

o3·96 .., 
r • .; 

.450 0 ~)02· 

.6.60 

0 '95'7. 

L89 2u00 

3.02 3ol;3 

4·o38 

5o06 

',.·· 
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dN 
log dE 

Beam 

Detector 

[ :=J 

30 v 

=7= UCRL 114 

Scatterer 

/ 0 --.---

.·.~ Leadshield 

Paraffin 

Brass Cylinderc Beam 

Developed Plate 
. Y[Joto Plate 

\ 

- _ Slope = 1 1/2%/volt 

--·-·-
50 II 60 V Discriminator voltage 
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