
Lawrence Berkeley National Laboratory
Recent Work

Title
ELASTIC SCATTERING OF PROTONS AT 31.5, 20, AND 14.5 MEV

Permalink
https://escholarship.org/uc/item/02z3h1d5

Authors
Kinsey, Bernard B.
Stone, Troy E.

Publication Date
1956-02-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/02z3h1d5
https://escholarship.org
http://www.cdlib.org/


11· 
I 

l • 

0 

UNIVERSITY OF 

CALIFORNIA 

TWO-WEEK lOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Diuision, Ext. 5545 

BERKELEY. CALIFORNIA 

• 

.. 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



~t .; , 
r -J 

.. 

' 
~0, ~fmtl ()i1, .if.{2£~J'ri~.l{t aira., i'• M£ .. 11:=~ 

·tq 

n. a. 1~~ atX1 ~-~ 
~~~tcr:~. 

Uh.i.'V'.e'l"'Sicy ot Otu.tt~. 
lk.:rmloy. o~. 

~· 

A. ~ di u~ atff~~tiA\ ~ s:ect~ tor ~ ol.o.at:te ooa~ 

fit p7:otoxm ~ botm. ~<l :t"(w tlJrO't~ t:Jt .51.5, iO ~ 14.5 t~.. tt~ ~ 

&~ rA!~ troll C:~lop~ as~ ~ t'd:n$e oo.1.1 :a:•or ~~ d 

mt~ (1.~ ~t. Par ~vy mA.Cl~. tb:~ f.it!tr'-~ ott~ i.o 

~tro;rc!t by~ C<rolGlib ooa~ W:itl't ?1.S 1.'.::;V FOtcns, tb:l N.rut 

~ -~~ ~ tJUClo1 hotrr.l.tl.r tlt:m ~J vAth 00 t.W te"Qt0tl3, t~ 

wolci h..~v.lc.tt tbs! v. ln 1~ 1"1Uelai, ~==a~~,. a.rQ 

~~~~ oblit~tea ~ tba .n\03 ~ ;tn.~ ~·the~ ta 

~~~ In th'-' main., t.b1:l ~l:ll;r' &~tku ~~ ~ ~ ~ 

·ni%tleun to ~tho:t". tb$ ~ aaoUan:l nt ttl¢' ~A ~ Otl tho 1'"~. 

!i~ o~ tb> nuoloa11' ~u:J. u~~~~ tJl.C~o ~ ~~ (Q.'\') not 
-. 

1JJ.~G1't.Ol to ~ ~~ aD \~ ~ ~~ trtu olc.:::::'lltn:t7 di~t1m 

~. 1.i'w Ui~~ll nuolet. t.~ ~ ~ c.."" ~~ :l"l£::~ 
<1t tho (!:%"~' tor 010lci f'rQm 0 ·to tt: t:.'!q/ t"'.:..c~ to o. o~~tr:'l:l ~ 20 Uifl/1 

M1t1 ft:g 'li@t ouol~i, ~ fl~~ mG. low ~ ~w. 

~ ot the«\~ ~'1'rf.l/ nc~ r~tttbl.:k:!ta~tt ~1. ~ .. ,~A 

~t¢8 Ctntcn t~~vy • ~~ Diae,o, Onl.i~ 



.... _. .. Itb.~ .. ' ... I tt , . , 

' ~ ;--~ ~t:d.buti.m1 ()f ..JlM~ sca.tt~OO: p:raton:l t'Ja'!;l. t~t roportw 

,.. 

b)" nur~ :nd. ~\t ( 1 >. Tl:JC$t"> o:uth~ ~c--3 tJx: ol:u~tiO ::roattering of 

18.6 ncv pro~ i'rot::i vr,. ltd~ m..~ ~ Al.. ~ oea~~t:s ~ mdc 

~,Vlel'ttl,- by ~tot(2),. u~ protO?.l& o1" a el:r..Ua:t" ~Sir· At 2'..? llcV, tho 

e~ di4tribution \'1a$ ntudiQd by Cohen t.:nt1 ri~(::;) fi'bo ehOiliOd tht."tt t4e 

~ti~ ()f the ~ n.nll min:~ Qf tho ~14~ pntte:r.n '\~\$ ~1'~1.11 

td.th a~ might lnld ~ dot~ ~1'lt"~.aoo:lcl.y t-y th<.t ~·t of ~ ft~VO 

~ mzd t.tro tl'Ueloar radiu$. ~ pcot~ .of· )0,6 ~ • nCC".J.l"t\to r~t.s 

l:ltl.w betm ~"'by" f!ri.1JP.t.(l;,) £cr ~# c.~ AL l~ %'\?.eently,. ~~-«r~s d 

th$ not\tt~ or ;;1 zjas;r ~ ~ ~ fit\~ b«m. ~ by ik:r:ht(5)" tll'1d rran 

Al~ t.uJ tu7.d au, by L~( G)" Por proto~)$ of 20 ~ ~~Avo ~c.t\len't$ hfl.VD 

beGn G.~ by i~~(7), ¥<nil Chi:#¥ rum l'Ir"~t(S) he.~ Gttld.i.ed 11· Slid 0. Fit'lnll.V, 

etudicG of thO ~t't(4""'inB ot 10 t!t.W p~"''ttO;$ ~ C cmd Ug J-> ... '3-V.J b~"'n ~by 

1f'iseh'C1!(9); of s .. s l!JW ~tQli.I.O fi"a:a c .nl1d 0 ~ l1ttn:h:•Jm et n1f10
) 11 ~ ~ tJ,. 

. .~ . . (tt) 
No and A b;t ~le- ~ ~· .. 

'rho llt>~ ~bed~~ mQ.c in ~ 't;Q ~ tba rt~ of 

cmUt~ ~~ &tclt to ~~tobl.Wh tho {t~ral ~"nfln in ·tlw 00,~ 

~tr-1-butit.:n c.s n tunct1¢n of both Ctlel'HY ~ n.t~ \7t::it.i1t; Qnl.1 to nr:l.ke poa~l.o 

b7 t!~ ~ the ~.~timl of the ~olit"Utlo of tho nuol~ pot~iol 

end tho other pe.ramotors at th~ ~lmt -pot:tntW SJ4~l fXf! tho ~. %a t.bb 

presont. ~izo.tAon •. no at~ ot ~oion hrua been made, to:: thO W01it ttaS 

llfFP'I._# .... '' r •• ffi.l J 1U _llidll.!iltiiJ~i!'tljljl-11\!i:~llilltli ... l !fJ.£ Qfl 3-MAhlrt·q W'l·i•W••~4lli ad$liL. 1F. 11 :a H;lftUilA 

- 1 -



;, . 

, ~~~ 15 tl!O p.~ ~....:t tOl: high ntali.o ~ftc ~ ersJl ~ttglou of 

~~t it ?ittll be~ tlu:l.tl tl» ~~~~of the 

~~ ll«l~ ttt'lt) 41.epla;y"'O or.tl.Y b.V ~1.eltd or :in~ &~ ~t.;.; 

~·l~ettt al~. ~at the t~~ ~r.:. ~ :tn~~~ ett~ 

at$~~ ~~d. ~l7t by~~ eas~ ~ f:.hQ rn~.<12> 

tf!.th el~t ~en~, t1~ ~tuc ueeii itn ~· ~ ~ ~ t.hat 

~ibed by s~ end. It!!} 15). ~ tt:ID ~~ ~~ ·~ ~ to thai 

.) do$0l'"ibo4 by \~(1,.)" 1bo ~t is~ in~ f.. tt~~ 
~ 11\..$ oitb ~ ~ tmeey p:ooton b3ti!1\1 ~ ~ ~ ~l~~ 

{31 .. ~ ~). ar 'Oi.th &1 b~ of l~ ~, vr~. 20 er 14.5 uw, ~:TXl b,f 

~U¢1 1.n pltl.t...'"'a .oz pol;,"''JtjJlr~.. ~~ t~ ~ ·tnc pnai.~ at ~$0 

$4~1. ·tllo bosn ~oo ~'16.."d ·t-q.vaa~ it~ a. 3/8 :b. l'iOlo :in D. v~xito 

l.l100k loonteti at th::>' ~ t.<> o. ooa~':lng ~.. a-~ ~~ 3.n. ~ t-~ 

o!' £oilo ~ pl.c'~ e.t ·th;:) ~ qt tho~~~. ~. ~ ~tQI€1 

"Y ~ a~mJ~ ~ ~ ~- ~ b3~ ~ (lUt ot tho no:ltt~ 

~ ~ a thin ~ aM. ent~ ~ ·~to.~tur', a t"te\i.«: :1n t<hidl ~ 

prQ'ton:J tr....-:;:t ~~ fW:d t.be ~ ~~ ~ ~ p~ ~ 

~f'~ b; c. p~ ~~t4t- ~a ~~tip~~ 4n an ~~:.ht 

b3 ~ CGU14 be ~tea~ tlllil ~~ ot 't.h.e ~~~by~ 

t;:!Ql1~~. ~ ~ ~ ~ ~t.o ~ bO.it tl~ s. t:~·~ 

~~. tbo ~ ~ r4 tho ~lla.tol:' he.ir,a· ~~ b.1 11 J/8 1n.. ~ 

~·cut £n e ~ UJ. ~ plt).tte. ·At 9 ~ ~ f'.lw ~· rJt t!» 

sett~ ~this ~ m~ nn ~e ot 1' at ~ e:d.:.:.. fo ~ 

~ tho ooatt~ ~CZ' ~ ~1 t:"ith tho fi1l1:i t.c bo ~1, tl~ ~ 
• • · 't •• n 

(12) 

{1)) 

• ' •• ,.... b • ·-., llilf;tf? .._ ••· .1a n rr · ~ 1 .t Iii. ta . t t · 1 r • 

• 2 -

wr•rr Ill P1Hl 

. 
'' . ' -· .. 

.. . \. ...... 



beem ~into it ~ Q. tJl.1t.i al~ ~-

·- When tb;t $~ f1t tha ~ ~ by ~ coil:ltill.tl~ (1!'0 ~ tho 

c~ ~t~ ~ma ~tom a t'Vfi;'ll~cd. p¢:Ok a.t ~ tq; edl Of' 

tbe~l~~~ ~~ct~.~~·is~'by 

:2~~ ~~~ v~. l'n t11.t ~ent ~tun tM td.~ ot tho pent: 

(tcr- 51.5 nov ~~) 'Citl.O t'lbGut 4 ~t or ~1' ~. 41th~ tk\.t} 

~~ ~ tlOt ~ ~.io!t.ent ·kt ~to ~~ t!t) me~ 

~~ ~ t.h,., ol~ ClG!ltt~ ~~ .. it~.~~~ 

~t ~tit~~ ao"~tia:t ~ ~ ~. !'.& ~ ~t 

~~~ thtt ~ .tnn t.t.tc ~nUUatce ~.."1 ~t*l ~ n ~tow~. 

~ Uito n ~~ pul® ~b ~~ Unt"$ ~ ~·~~ 

·~ ~1 ~il ~ 15 ~~ tit tbs alaa~y sen~ p.'"Otona* tb'J'e'r~,. 

i:ft. ~ti~ •. ·tJ» ~ ~· ~ ~tad .CJG~ 1hQt ·~ Q!;l\S!tin:. raw ~ 
~ olMttc ~ '9llll noar~ ~llg at~~~. te ~11~ ~. Such 

o~.13 ~~ tm ~-it Ja. ~to~~ di~~ ~ 

to ·~t:1nfY tbi.o «t:dit.S..t.m sna,. or.:ae ~~ at a ~t w ~ ~ ~ 
~· ic the two ~t ·~:w. 

A~ biG~ ic ~ in~~. It 58 ~t ~ Q1 .';i.S Otv 

pt'Ototl!) ~ tllO th'iC. ol~ tG11 ~ ftsf:-~ l'~et3. J);~t1Ul cllt:r.lo 

n tQ:U an too lew-~ .~Ide or tho ~ ~ ~ :w ~ bN 

!ho.lt'~ ~~ ~tona~ In ~ ~. e .. a. m c12• tbQ. ~ t:4 t1:o 

f1nit ·~.~ ot..$ i¥l laigll:t ~tUff' tb3 ~· ~ ~ i.t to bo ~~ 

~tea, :t:l'U4 'tl'iie c'lutie ~ a ~ ~ ~ ~~.. &At ~ Ct.1Gt oo.c;;$ 

~ ~ ~ ~ rDt ~ontJ·to ~w ~ ~ ~ ~ tbnt 

~~to~~ ~wa stAte, t.ld it~ tt?.~t~ ~leii' to 

~to ·tlr> ~ fJC!IQ.f;t,~ ~- &~ .. ~ tbl ~~tal 

o~ or ·tflo ~t ~uab ~~tea •tb ~~~.or~ tho 

~ ~t~ ltf.lCl:f to~, ~at ~.~. or t\t ~ ~oo f!:it 

~~ tbtn ~~Cit ~tic ~t~ to tho~ tnto :1n 

tbo ® ("~ d1~~:J.G !a ~ble. ~ ~~·or~ .$.a~ olooU.C 

... 3 "" 



. 
• 

!" 

~'lk .it)~~ \ly ~~ ~ ~ (:jf ~ in tho t\:Y) ~t oi~ 

by o. te.e+..t'lr1 f& , ·~.~~to tho .~ tlf ·~ ~ ~ ill Ul.e ~ 

~. ~ A1Qation ill ~o.tf';d ~ ~ d!lta ot tliO ~ hc.ieJlt ~ 

on the:~ tbnt b ~ pe$ ~be·~~~~ lt. t1® 

tre: ~ ~ Q'!l ta.B :1n¢lac~ e=1-t~ ;pro~ ~~~ tbl to~.·~ til 

~ m tho Qb.~ voak 44 ealeulfltQa bJ' n&.\ina to the ~· ~ U1 ~ 

~ AiJ~ ~a., t\1Jt» ·~ .~ .rJt tcQ ~ ~ in all ~tlS' ~J:b 

(~~'13 ~ ttte lnot 6~ ~1. .~;jl pu.~ ~~ ~ ~ 1n 

'::htJ ~ll) ~ tt). 

s • .msn~~s• 
~ foil.G ~ ~1 ~ ~tically ~ ru:wtMr <i\n. a .~ o~t at 

4/fJ tc tb., proto.ll ~ ·~· ~t ~ to tba ~ ecnl4 bQ clt:w~ b;1 

~or~ ~~by ~t& ~~" ,An~ toil (te:.o .~ az1-a, 
~-~~t~:S~t,$t).C~t<1t'~~ 

~. q "'" tho~#. of~~~ the two ~act ~ln ~ U!d.t 

~~ w, ®it A~" ·tbo o~ ·~end a~ ~tor~~ .nn~, 

£~V~ln am ~t ~ euttu s ~ to ·the ~t1~ c:.-~~ eu th:l 

W.t(ll'jcl!tJl ~~ ~. tbe ditl't;t~"tl ~ ~ti<tlS ~ u;d.t aolid e,pal~ ttn 

~biT~~!· 

t~J O.A}/(6.0-/JJI. )o = ~/tto) ~·/f.) f" Ylo/1.7W) 

~ ~ '-n ~ i."l tho~~ ~~~ill valid .. ~ -'t 

t.!:Js foilo ttr¢ t:~ ~ to ~ tJl>At all tiQ )U"CtM ~ ~ «dlcctcel b;v 

tho tlo:t~· l)l tm'; ~~ ~~~ ~:w.l:~"'lt:l ~~tb ~ ~ ~. 

~ ·~~ \ma no ~e leas of~ ~nt (ior '"'·' r.:ev pwottmn) ~l.Clcd 

that ~ taU """~ tl!imer th:ln 75 ~ ~-a. 

'.1.1-.o ~tat ~ ~ ca to~. P.lmtt r=- S1 .. ; ~ ~. tb:l 

~· nf ~ F unit ob:lt"QO 1\"GJ'.: tt'\G ~-~ ~ ~ ~"'-"d. o.t e 

~tt~.a mrslo ot r;d'. (~ Ul a tt:\:licm in ~ ~ ptlttarn tJt 
0 

al~ltl nt !)() eJld a.:t tbia nngl.Gf ~~~ t~ mao~ cf cc,mts tvtlG ~lzr 



-. .. 
.. .. . 

~ .. 



•• 

• 

be=) ·to ~~ ~· thm 2.2,. ~-,;s ~ ~trr l.oeG. ~ ~<m nt ~ 

~~. ~t~, ~ verr::r tb:1lJ; ~ ~ ~~et.,. t~ mlltb oi tho ~ 

~ .~ a~ tb6 t1t1.~ \'1idtb b to t.h!J ~Ul~tor, ~. 1ta ~~ :tG 

~~~~. ~-~~.ot~~~ 

~$ ~V$ two~ ct f * At~~ ~~cc.l • ~ine ~ 

~~leu. ~1 ::\t ~ ~ ~t 00 ~ this oo-:a.~ ~ ct ~. 

·. Il~ uo.~ ~lo: t:J»l:f 3a ~~ t~, · o .. g. &,. P~r Qtt1 &"' ~lt­

~ tQU.a; l.Wti:lllf e'bout m :184 tJ&-2, ~"'0 ~ ~>y ~ta.~ ia mta.? 
~ tl1th !.\little~ to ctve ~(14}.. ~..Je tn~. ~~~tad 

on n e1af.,.ro Qkta, ~ 6rl.oll. cco.ted uith plaa.t;W .~ to .. ~ ~ ~ .. 

~ ~ 0~ of!f, ®, t.Dt -~ ~'D.ll..1. tt~ ~~~- trn.<'b with 

G'UCh t"~ ~ ~ ~te then ~ ~ ttltb. ·.~ ~. oM tho 

~~ ~ WQtl a.~ s ~t-
~·~r4~am.'W4~~~~= 1t~~~t. 

1e t~ t\?~c ·~ ~e in tho olD.mtic ~ .il'1 ~ tho ~tittt 

ot f:a\1.1 ~ ~ • thoc--a ~~by o~ se.o.t~ p:t'(T~, 

~~.u:d the psak. ~ abit'tri ito~ in tb~ ~ « ~ ~. 
~iJ; q; f:J:le ~ tl'n~ in 'tJ.l¢ ~ent el~cl.$, ~ (& \'~ ~. 

All ~.sftt$1 t.J:twcf~i'l, ·~ ~ uith A CC".:nt~ rtl.ta per ~ f8 lcm:; 

tb• SOO p~ ~l tQtt ~ tat~ the· looa ~ ~ ~t~ oa 10 ~. 

FJI in. T A J .1 t_ .... _.1H JiZihJt ··- ff((2"fF):,s . !I!'F. ,11J-_ft111····· l$f PZPI.'! . •. I J __ W · ·r. ,:-tPriiiJ ... 



.. j 

-. ·" t ... 

-·· . 



I 

... 
' 

I 
of at~ p¢:X'" t<X>lcoula' u~ tho~~; ~ :1® tho ~. $.1 oa ~, 

~to th::t .~ ~ ~tho·~ (b) ctW$; 

~oil t.llt'tt (';h,.) ISO'.lttc...~ ~· 4;.e ~ toe. G.all., ~ •tfGoti~ ~~ 11 ~ 

.ma.y bo -db~~ b7 ~tian. (·Ui) fo .o:beolt •~ 'V:llie.it,- of' ~ u ~ .. o:~iM.,. 
Y' ~ Al~ ~ ~~ftl.lu b.1 mv~itls tb:> ~Utio (n) tt£ ~ ~ 'S'O.to 

~ ey CCQtylmo (~~ y e.> to 1a\O ~~to fl'CJ3 tl. ~~ foil 

(~ ~tJl fl) ~t ct ~0 to ~ ~ ·~~ 3' =: 51 co tz~ tQJI_J u."' ~ 

~ ~ ~~tal ~®n f1t 11 ~Tt :ba. good ~~~ dlr.Oept nt ~ 

~ ~ t&a ·vo:r:tt l.c;:-1 ~:l.n3. Jt•,o;t;oa. ~by ecet;~ ~ aiffidtil.~ to 

~ •. c;::.:l et 1.o7 ~~ ~ xP. ~~..~ 'flin no~~ p...~~ 

to CGOGC Q~ 

~ tho cal~hrnt.1on c;~.: ~ ~~to ·&..~ 1.\beo al~ 0~~ 

(~ (b) ~) tl» ~A..bg. mton ~ ~ l.o;1 ~ ~tl¥ the 

tt>~ bO't:;o ~t \2.;! ~ aq ~-,;~ or ~ pulMs ~ h.1.cb ~ 

~~the~~,.~ (lli ~ ~* \1'00 t:.~'" than~ 

Tbi· ·~ ~ ~lu.to ~~til ultb ~~to·~ ~l;r ~ 

15~~ 

5 .. ~ 

l':;i ~a~ w.f.th the f~ tlt ~ er4 rt<l'!;~(3), ~ ~ 
~tiry.ltion ~.00 tbat t}:~ ~ DM ~ ~ ~t..,a;, rJ.t th:t ~GO 

~~"4 b.Y tbP ~~ ~ f# ~~ ~to th!e,. f.bji 

~"'·~ ~""' .. .,.:~;_,_ (17.18) ~·~~ ~ ~~~a'M ~g.\~ by . ; . 
• •tnt <'lf'it ... l.f ''f q·:Mtlt ~-._. __ A_fid ... I:JQ etf_t.•iH'·:u·.L.1. L ,irlfllflfiP. Itt JiC .. t"!lf t!UilJ·'·. 1· 'l* Jrlt' 

• {16) !?or a ron~~~ boro.t\l ~ ~41~, C8d ~.T:;;r a~. e:at 
(w:ldt}l B), 'Uith i-ta ~. «\;.~ ~~o1 to that ot ~ ~.,, tl:.e <:"Sfcotiw 
1~ ~ .Y t::: t'f!:V~ ~ G* ~ D ~ tl ~· tl:w. ~;1,..'1trm;;z ~tho ~ tQ 

~ th$ a:;1o d t'Cta.tim (~ tbot thQ ~ ~~ ~~~ t..~~ fit) end 
~'"'"\) to OUt (P~ 4), ~t:tq:l~. 
(17) th Vlc~ ane a. .. &~~ ~. acv. ~1fi 10~ (1~). 

{18) A. 4~ ~ 1. P~ J. ~~ U+;J,.B.-& l'2t, 411 (1~46)• 

.. a -



• 

(4) 

~ :;t ~ ~· a!W ~2 

R' 1$ tbo ~rl Qt tho~~ ~l:l.uillllld tllll ~'tl'i'~~' R' tt 1l + ~ l ~ k: 1G 

the ~, Cll.oul.ntotl fog the· ~ <if ~au:~ ~tmr. ~ ·C..~ ~ .. 

J
1
(ll) .c; o., ~ .. o. t'Jhcn x " ;.a, 7 .. o. oto •• D:td ~~ t'O'J." it Cll s.2, e.lj> ~. l'n 

f~ 5; ~ ~.nta. or 'tM ~~ ~ bnl.f~etl tac the ~t 

~ ~ ~ ~ plotted ~ a&•-. lYitn n :: 1 .;s Ail. tQ""'1' tt:JS. ~ 
tl'l:in~t l~ ~~aent tho·~ ~~W ~ tho Q.~ It w!U b~ .~ 

'~t. ~ 1& ~ a@:'O~nt.. Tina ia t!¢t~ ~"'ablo in viet~ at tbo ~ty 

'* tho mo\t~ ... 

~ a, hm~:r. Olll.,y £m ~~;1Jnt bet.;:~m tho ~ ~t~ ~td;let«'l 

by (4) ~ ~ ~ ~J.kU.:F~ i'«r tho ~ ~, \\i·~ this in 

~~ (~A to Ag for .,1 Jlrw FOtons) ~ ~Ol.'mt is ~ (to 10 ~~:m:t). 

Dt1t tar ~~ ~t ~~. tCt" protonn Crt" th:i.a ~. ~ l:l.T~ntal. ~ 

semi~ ·~ iA>o ~~ b3 a t~tor ot 2. ~~. t1:\(1 ~a\ (4-) ~ 

th#J.t ·tb~ -~ -.>ti~ nt~ ff.u.l to~ at ~ ~. ~ly. ~ 

ol~ tac nnit~ :t~:tlution, ~ ~ n~ o:b the m~t ~. ~~ 

tall. ~ below ~ t~'tb ct tfJat. o.t tbb ~t ·="ifJitl~ 

~ ~va ~ ot ·~~~~~~in a ~a 6, 7 ~a. 

~- ttl¢ ~~'!.1. ~ ~ •.. 11:~ ~to or ra•4, ~ p~ ~dn:;:~ ~ 
~ :e. imo J'~•!i llW ~ .. tho QQ'Q.~t ~-.;m tbo ~ ·~ o,t 

. b-~1 ' 
~ Qtil\ &t ~ :L$ ~tout Q.t. r • ~:m-~ ~tQn ~~ tm 

~ ~ta t.ft lcetl dbv.tou.t'U ~ ~t ~SUlil• th'k:tl $Jl at ita f)rUatoet 

~-C!l ~ v-51 
• tor 31.5 HoY l,ll."'ton.'l, ht\a nll but f~d o.t flO t.'!W. fhG 

~ ie ~ ae ~mae~ 10 ~ troll'· 51.:> u~ ~-

~~ offoctG hz.w ~1.! alt~ur ill u. 7._ .rae the ~t ~~ 

~. tho.y ~PJ)Our ao ·tho proton ~ is. ~a., 

It :1.$ ~ that tO): L'la hi~ ~ ~t®.- f~ gl.~. ·w,1.ut;m a€' .~ ~ 

... ? -



I 

.. 

CfO~ ~ ore ~ot!!ll to· n'ir ~. ~ ~ttt.• QaOQ~ ·~ ~ e~ to 

~~. ~~ ~ ~uen ~.~itt F-lpl 9 t:~.tc.re t~w ~ ~~ 

f~ t.l» .fUG't· .~ in unitn Qf tht~, ~plotted~ the ·~~ ~. 

rw ~ oa.ca .~the~~.~ m ~~ untta, ~~ 

eo t.bo ~Gm ~on ~~. l?Qt" ~ .-~ tn~tons., tbe 

~tt.m in~ oeot1ons is .htas ~. ~ 1~ ~ ~ ~ .. ~~a 

~cm ~ tp..dto ~tiO • 

. ~to (l.r.}, tho.~ ~t~ at ·tbo ~~tall~ ~th 

the ~ e~. ~ dO.:fl .tu:it ~- l?nr AN 5{)1 ·th$ ·~ GfXJ'ticn L\t t.t. 

t'1r&t ~ ~o.r:J. to~ ~..:J" ~~ cr ~ or~. FCir.' ~'1~ 

mtelei . (A ,.~ 2\.~) thJ ~ ~on ~~ ~ ~ .n:"~ oo tl..'""ii' .. · ~ >.:)tfeot 

1Q, quitG ~ fflr 1! tJ1d as, 'lJ® ~ t~ at A!. lfm" ~ ~ 

·~ tbi.1 ~ ~ w!ltcb ~ or~ ooetiml is a ~:wn ~AaOa~> 'J!bo ~ 

1t1 $hat~); ~3.3' ~Fir~ 10•13· 

6.. EB~. 
~· ~ ~~Of tM <W'ff4,~llt1ol ~J.i ~*tn ~ 4tl~~to ~t4. 

~ ~· ~1~ tt> ~ ~-.ia.mol~ ~~~to~ fMt t.rat a 

"latAvo:]fr lU"llO ~· ot ~· ma.~ ot W'f~ ~ ~ ll'.tWt 

cont:r.il~ t<> th6 ~l.aatio cea.ttot~ ~ ~l~ tu"~ ·Qf ~ t~ f~: 

~t ~. d.~ rolt.t.t1~ ~tw ~~ at any ~ ot tl'.ttta1 111. no ~t 

~le. t'cr ·the~~~~ ifl ~ mo,l.f:4., 7n bl~ ~ta.~ ibn. 

~sQ.l:ts ~1»6 ~.oro lw.vo been ss:~~l¥ ~ted fal" b1 ~ and. !'44 

~~('t9) who Jnvo .tlD~ tho ~-era ot tho ~l• ~ ~l 
·v~ 61VI! 1.\ ~t fli to tba ~ rt.3a\ilto. ~10' ~ ~ ot ~130 Sa 

too deptb of tho pot~tiEll wl-1 fer: }1 .. ;. ~11 ~lid\ ~ lcm ~ ·~ trmt 

mi<-.b ®~ ~ 1c7 or.orr;g J)Ot.:lt:t\1lll$~ nna. ~ ~:- M tbO waut ~ .B¢V~ to 

~t ootiaf~Y tor ·tho <tbli~t:Um. d thl ~til:n ~ at ~ 

•. ·n 111.·,.., •)ulli"ll ·J:JJf_.llll••••rt!.a:G•••:.a~•·t,. ttnry~•••n• ...... -.• -.r JLl nniii.J'rmm ·'''·~··,·••·' ·r tib ·-r .ltfit ···•• 

- 10 .. 



I. 

• 

.. 

• 
St~ 

• author~ ~ to ~ nr. F-lllh• f(1J! fl'U(r~t~ the uso f1l ·~ 

eointilla.tot's. in tho~ ~nts.., ~ tor ~ ~:~ ·iQ ~tin& t(p the· 

a~tusj a~lj,y in 1tb oarl,- e~; .nra .. H~t" ~ eax~ fctt­

~~t ~~ Ur.. ll<:l>ert ffatt m'l ·~M a-"t of tt.~ ~ ~~tor nr 

their ~ aMiBttt...~•· awl f~lr Pl'Ofe~$01" ~~ o~ ~>n~ ft»r the 

~vil~ge ot ~~ &l>t t.ll$ ~ticn ~tar;r • 



o I 

··~-·--·~ .. . 
' .. 

-~l. 
) 
j' . 
{ 

\~ J.,. 

~Jr>l!).. 

I 

~6 • . 

\ 
JW. ......... -..'1 .4-""'·-~~"' ~ si"~·"""""'~ ~~~· -~~ ...... ~·~ 1.;..Jf!. ~~~~"!'~' 

~ ~.··~q. __ An __ t~e:tU .. :!'I-~ .. _· __ .··~1:1 (a) ~-v_o:·~~ ... ~l3_ .. · ~~ 
~ ~ t~ .~~~..t fn bld~~ ~~ (b) dU~er l'fJ' 
1lt toa»~ 2.~- t•.i.m·~ ~- J'¢ta~~ ~ -~~- ~o&tm ~· 
'tho·~ .. 

~t tf11lJ ~~s flll!!ct"J;~I:t..t~~ .:Ul ~~!>If 
~ ~-· 



Df:F""LE:C.TI NG 
MAGNET 

POL YSTV~ENE: ABSORBE:RS 
SCATTERING CHAMBE:R 

\ 

/ ,; 
GRAPHITE: COLLIMATOR 

, i 

, I 

OPUMP 

SCINTILLATOR 
ANO MULTIPL.IE:R 

I NTE:GRATOR 



.. 

5000 -

Cl) 
.... z 
:::l 
0 
u 

-' 
~ 
0 .... 

( 

0 
I I I 

2 

I 

I I I 
4 5 6 

CHANNELS 

I 
7 

I' 

-

J J 
a 9 10 



(a) 

(b) 



~---------------------------------0~------------------------------~ 
~--------------------- d ------------------------~ 

PF?QTON BtAM 

• 



~ 
\.) 
w 

"' 0 
u 

4 ~--------------------------------------------~ 

3 

2 

5 10 

2KR 

FIRST MAXIMUM 

SECOND 

IS 



-2 
lOr---; 

.8 
~v~ 

I 
I 

-3 1 ___ _ 

10 --- -r 

Cu 

! 
I _______ ~ 

-----8 

~-C 

, . \', 



Zr 

v 

AI · 

c 

8 

- -3 10 ,......_._ 

10
-4-2---~-__j L i' 



Cu --------------------------...... 
' . 

Ti 

I 
I 
1: 
I 

Li7 



-o, 
(.) 

0 
I 

1\) 

o~----~--~~--~~~----~--~~~ 

0 

1\l 
0 

.,.. 
0 

)> 

lJI 
0 

tD 
0 

• • 
-a-

0 
• -1:}---

• • -o-

• 
• 

• 



CARBON 

mb 

100r-----1ft~----~-----+------+------4------~ 

' 

20 40 60 80 100 120 eo 140 



.. 

\ 
\ 

OXYGEN 

I mb ~--------~~----+----~-----l------- l -----1 

\ 

2.0 40 60 80 

-- ' . 
/ 

/ '\ 

100 

\ 

'd '\ 
\ 

120 eo 140 

I. 



, 
MAGNESIUM 

mb 
c 

2.0 40 GO 80 100 120 eo 140 

' 



' i ALUMINUM 

d 

mb 
a 

100 ~~r+~-----+------~----~----~----~ 

10 1---------+---

20 40 eo 100 




