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A Wilt'On r;:-J.,:Jud cha:nhcn.·· · '·. co::;.t.::l.ining Gn.ly hydrogen and 'Nater 
1. 

vo.po;- • wa;'J l)hotogra.;-hed stereq.ocopically in a r~iagneU.c field· of .;;trengtb 

2Z. 000 gauss to obtain d.ata2 ) 4 'or. t.he ·in·:.;tmls scattt-~r~d by 300-·Mev nen

tron:!l'. Certain tSelectior1 criteria were .. ;.dopted for the: n~ea;:;urements 

. of the trad~s, v.~bich ·~,r .. •t~t·e obt:dr.ed -in two rune ~t the Bedceley cycl:)t!"on • 

.l\. lower Hmit of 155 Mev was set on the ne.utr011 encn:gy fc-pr ~ tr~ck tt1 be 

accepted. Definite re~i.ons of the cloud dl<H:nber v.te;:oe t:hoaen f~r the meas-

J 

• ttrements in ea<:h of the two run~:>. '.frack~ 'i.l\rho~e Gii~ a.ngleo exceeded 

l 
r 

• 
'· 

50° wel'e excluded from measu;:eme:nt. The sc:=:.tte:t' angle ·,;;ra.s gj,:mend.ly 

limited tn 35°, although <1 few Lr:}.cks were r.n-e:•a:,:ured with ang!es ':.ip tc 

86. 0 to · ~~J • ma.t<e sure no tb trad<-s were m:;..ssed. 

The t.:ne::rgy sp~ctrum for the n~utron"' that w~re pr-nd.:ced h'l a. 

L·iD target, 1-:.;/4 in. thick, by 3'10-Mev t:>rotcns !.n~id.e th'~" cyclatrot~ is 

s-hown in Fig. 1.. This ;jpec.trum Wd.$ derived frorn the od.g-i.:r.al hi;;~':•::>gr;,m 
' of the c.l.oucl ..... .:hamber data by ar~ arn')r-unfoldiug pr·~·:.;ees. .A t(,;;ta.l f.Ji !.1.~5-

_tra..cks we:re sele>:::ted £ram the a.ngula.~ gl'Ot.;_;:.> (scii.tter anglers 1e.~:4 than 

85° and dip a\·lg1es les8 than ? 5°) for which the ener~y n: .f-a. ::;l.:a··z.n-t<;:.-.t& ., r<:; 

hel!r~. 

for by applying ;.~~~~:p 

o£ ;;., :drnutha.~ ayn-:<uo'lil"2 

te:dng cross sect,"' · 

unfolding pro<:e.s g •. · 

.ttith the n;..;.tt::.cm en~rgv was indud.ed in the -crr:··-.r · 

V
'r ''" T ' .-

. 

I ..,.. ..] • t ' t' f h ~ ,. . ~ ~ . •' 6o.: ._. 1,· • '\. ~ • ; ,r T ... , ~ ~ (": t ~ ~, '1. T ,. ~ .., ~ ~ I' 1·~ . 1:. o .. u~r '::J: Jl.l.!J l. y t b a~StLT.;.•uOD o ... t.Hl~-:>r ••. c,_,,.._ H.1~.u:.,r.. \)~ .... e 

prot-.:ms in the ;:t;r.hnutha: ang1e { n::eetsu.red in a plane fc(;H'per .. d.icul.:u· tc'J. the 
' dircctbr. of the neutron bean~} tabulation$'·· of the data were '!niide. Figu.rc 

;: ;;hews the 21 zln•ut.ha.l distribui:l~Jor dip ang~_7a lc!Hl th::1r. 40° <·mel. for 
'( • .;...;. . .I; ~ 

~--------·---------~--·---'-·-~ 

*This wo'r~-.: was perf..:>rn<~ci und~r· the auspi<:e~i ,~.f the U. :~. A.tm~;\c ::::r.e:rgy 
Co-n:Jn--:isdon. · -' 

1Now at: the Ha.niord Atomic- Products C?era.tb.n, Ocne:r;~t El.;:ctric Ccn,rar~y-. 
!lichland, Wrs..shington. 
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·nel\trou energiee abcv~ 2.00 Mev. Tracks vvith di? a;,.gles gre:a.ter than 

40e. fall int•? the exdudbd region and ctre n.ot t'.:tbulrttecl. · The number of 

t:a..:::ks for. any square or partial square is given inside the s.r:;ua1·e. The 

numbers within any verti,·a.l column and contained in whole squo.:res ah;:;uld 

. agree within the Hmit&t:ions imposed by the stati.stical e:rro.r:S··:;;f nH~asure~ 

.ment. A crmeideZ"ation of. these d;;.t"'- sho~na that the assumption of un.HQrmity 

" of the ;;;.zimuthal distl."i.bution is vaiid. 

Table I Hats the a.ngular distribution data.· based on 2057 tracks, 
t ·-

forthe neutron~ i.u the~ cente:r-of--rr1ass system. The da.t;i are lird.ted to 

neutrons with energiee C\t}':Jve zoo Mev and tu ~}J:'Otuns with dip ;;mgles le!SS 

'·· 40° ..... h . . . . f. . ·t .• .• f tn.a11 . r e geom~trH.:n..l correct\on .a..:::tor has tile v.:uua. un::.~y or pro-

tt)r;. deflection angles leas than 4:0c. but above 4.0° the value of thia fac tur 

rises steadily up to the' vzdue 2. 25 a.t 90°. By assu.rning a total n-p c-.·css 

:section of. 35 n:.b 1 it h possible to cal.cula.te thi!'! differential. cross section 

frotr; the t:3tal weight{·d numbe:r o! tt",:lcks. H,:;w.;:ver, the stand<~.rd statis

tic;.d errors in the diJferentb.l cross s~c.ti.on :::~..rc;~ hasc-.d on the uncorret:t.ed 

numbe-r of tracks iu the !Q'.,.degree ang1.'1.lar intervals. The- \'!.~pel:' limit 

on the standard et'ror it< the neutron angle in th(·; cente:r--of-~ass syrJten: 

is estimated to be ± 3. 0°,· whi.l~ the .average st<J.ndard e!"ror· is esti:Tiated 
. 1 -0 to ue ~ . !J • 

The ,data er::~ntained in 'table I are plotted in Fig. ; in Mstogram 

foun; They are to be Ct'Hn?a'red with the d.:!.ta. obtained with counten~ by 
.. 1.. ... . , r-o "'- • d 7 ... ~ I "f 1\.c ly t J. .. ettn •. :::·ep;re, an. Vl:i6gand , ··Nt"i:) reported neutron energ1e s ~ a~:;:;ut 

260 Mev} t~nmcwhat smaller th:tn the neutron energies n"eal'l<uved in the 

preeent experiment. T~e ~~J.rr~en)<tnt i~ c:.?n8idered s;~tisf~.ctory. Thr:: 

epec.ial p0i:ut ·,vas co~nputed !.:.·om a sr.-:;,-:>oth curve drawn th.ro,.lgh the cc,untex· 

da.ta to illust:cat:e how· th.e dc;ud ch.ur.ber with it,~ selectc::d 10 -degree ;:;han

nei width ·Non.ld d.;!;:pid thir:; :c:'.pidly chang1ng ~;ntion of the ::mgula.r-didtri-

<!n~1t·s,; t.h.r-.::1 do th.a ·c.iur•tci~ da\:~ '!!.nd cle;lr!y show a. H1<<.rkecl dep"stur.(: f.rom 
0 8 q 

symr:o~try <tbout ?0 in: contrast to the 90-!vfe-..· dat::,., '· whkh exhibit syrn-

t b . "J ,~o 
u)e ry a c.u~ ·,v . 

Thanks •::.r"-! due to Profess<n' W. M. Powd1, who r:~uggested t~i::. 

iJl"{.>hletrl. and whose er.couragement: and interst in•the ;>rogreE;S of t~1e 

v.;orii. h;;t.ve been. a constant inspiration to this writer·. 
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Table I 

'' !t' 

Angulc.r Distri~i\ti<~O of NeutrOl.l~ in Cf.'nt.-1:r.~c.f-.r...fae5 
~·yl:itern for Ne1.:ty;.on. Er.ergiee above 200 1>-k<.,; "'-~.:: :tt.: ProtcT'' :~"~'e• ~ ••• than 4co 

Number oi i !'~un:;oer 
T:ra.c·ks ' \_ 

' 
for Weighted mb pel" 

Angle Fir!iit R.un Both Rw1s ~ t' ~;; :,e 1' ~:tera.~.lit?-.~ 

10..,2.() 
?0 -30 
30-40 
40·-SC 

.50 
70 

s 0 - {.>-i) (·J. 
60-70 70 
70~80 L ;~ 
B0-'0 7R 
G0-100 75 

100-JIO ~04 
110-120 li4 
1ZO~l30 qc 
130-140 r.t 
140-150 18 
lS0-·160 ';:3 
160 ·- 1.70 (;l 

"170-180 ';~, 

' " 

• 

• 37 
56 
86 

1(\"J 
... V£.• 

l07 
98 

1 G~~ 
l J? 
l lb 
~66 
lbl 
\ "1(1 

l .,_ 

179 
'•.) -, 
i .· .:: 

l (~) 
"'·'1 

,:}6 

:!Jl 
12 1. 
18 1. 
2 ('; ~· 
2.(td ~ 
1 I.:;.. 
l.( 1 
.! 55. 
lZ 5. 
l t .. ()' 
t6 ;; . 
' 7C, j 

J ?~ 
\ Ci ' J ~ 

) 1 .. _: •. 

1 't; 
f .. . , 

{. . ? 
.J, 33 ::i; 0. 

q :· 48 ·{: 0. ~·1 0 

0 ' 3~ :l:- 0. .), 

' ~'"· ± 0. :J. c. ~, \..· 
.. , 

2~ ;'}6 :-1- r• 
l •J. 

:;. 2". 3 l ± u. 
8 <:. (} ?.. !,~ 0. , 

' 39 ::: o. 0 . J' 
f' .l J l <-: '\ 
'<) ' \), 

(' ·; O"i * 0. ·' ... 
~ !7 :t: c. . ,· 

,., 
2. :} t J: 

.. 
t .. : 1..,.," " 

•'t 
·~ :J ~ 06 * 0. 
0 . C'( j, () 

~t: ~ OJ o 

;··, 'L 7 . .t- 0. 
(\ ... .-:!3 :!r: o. 
·J ,-\ 1.1 l. ~-

t 
r 

63 
A"" .tl 
,_11 

A J. 

., ~ - ., .. ~ ~ 
29. 
23 
.~0 
1 ., 
.(> 

14 
16 
17 
19 
23 
2.9 
37 
55 
12 
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Figul"e Captions 

Fig. The neutron energy spectrum f.ro:-r, 3·10-Mev ?rotons u1 ...1. 1-3/4 ~ 

in. thick LiD target. Errors of mea..su.remcnt were taken frorn 

the o:r.iginal da.ta by an error-unfolding process. 

Fig. 2 
. 0 

Azimuthal di.stl:'ibution :for dip angles less than 40 . Neutron 

energi~s are great~ than 200 Mev. 

Fig~ 3 Two sets of d;;~ta are displayed here, the cloud chamber work 

{hiSt<.>grarn)' an.d the ex.perin,ental poi.nts of .Kelly et al. on the 

angular distr-ibution of neutrone in the center..:of-mass system. 

1'he meaning of the special jJ(>int is given in the text. 
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