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ABSTl\ACT 

The ela1tic ecatterl1'll of S·Bev ae&atlve plone OD hycbo1ea 

baa been obaervect in a lara• prOpule 'bubble cham bel". We report 

below the re1.tte of thla obeervatl011. lt il oowa that .!!!! ( 1 * J)% of 

the eveute ca.U..s.· elaaitc .ue probably bacqrO\Uia: Tie obeerved 

u.aalar clletrt.bud.oa le eti'oagly peaked forwu4. Thil fact eua1••t• 

that cllUrac:tloa eeattertasl• the 4-.ulaaat proc••• at thte enersy. The 

theoretlcal aualyala of the clt.etrlbutlcm. le ita term• of tbe optical model. 

It le ehowa tbat the pl"otcm a.:te like a partially opaque ephere of rac.tiue 
-ll . 

l.04X10 em* 5~. The total elaetlc croee eecdon t.e fov.ad to be 

5.6 * o.s mb. l'l'om the extrapolated valu of 4a(O)/d0 m Z9 .a • 10% 

lu the ceater•of-maee eyetem. a val\le of 29.1 • !.9 mb wa1 calculated 

for the total hyboaea czoo11 eectioD. The opactty. of the aphere le thue 

0.69 • 0.05. 
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INTRODUCTION 

Slnee the 4iacovery dl&t pi meaoua iatel'&et ltrougly with 

nuc:leona, 1 au&ch time bae been and la cul'rently beinaapent atu.dylna 

theae interaction•. It h aoW' fairly certain that whea a H.d•factory 

theory of nuclear force• la ea.unciate4, pion• woUl play a dominant role. 

Among the many lateraction1 of pion• with proton• at moderate euerglea 

(1S.. 1 Bev), ela1ti.c acattel'ing eaa be etu.died moat readily. Tbe i.nfo'l'matlon 

that ia obtained ia one of the•• eqerimenta usually COlllllta of (a) the 

pion-p'l'oton intel'actt.on racllua; (b) the -..tlgwar 4tatribution of the elaati

c&lly ecatterecl meaon11 (c) a te1t of oae or more mo4ela of. the nuc.leuas 

and (d) the total elaldc·lcatterina croll eectlon. The ex:perlaent to be 

4elcrlbed yielded data aot oaly oa the altove quaatltiel, but al1o ou the 

total hydroaen .teo•• eectlcm. The ealcula.Uoa of tbil cro•• aectlon •a• 

made oe the •••umptlcm that the elaatlc mteractioa at thi• eaeray 1• 

almoat. wholly cliffra.etion acattert.na. Tbe obee"tVed. anaW&r cliltri'bumn 

i• thu treateel by the conveatloaal optical motlelln which the behavior 

of the nu.cleon 11 ieacdbecl by aa opaque aphere. 2 

• • Thl• work wa• do.J).e under the av.apic:ea of the V. S. Atomic Eneray 
Comml••lon~ 
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. '· 
PION BEAM 

The aeometry of the beam ia ahoa in Fla. 1. A bel'ylllum 

tal'get placed 14 dec upah-eam from a racliu.a through the ceuter of the 

"'' weat at:ralght aecdoo ....,, plulec! pel"lodically bl~Q ~e pct.th of tlle 

cbc:ulatlug protoo beam of the Bevauoa. ·· Ne1ative piona emitted at 

aero degreea to the proton beam were 4efiectecll9.95 cleg from tbla 

beam tlarough a thin ,'Ufiaclow la the vacuum tank. -... They .. then pa.aeed 

eucceaalvely throup. two atandarcl 8-bl. f1Ud1'upole tdpleta, each of 

which ••• operated ae a alRaleleae. A i-ft aaalyzlA& mapet bavblg 

a gap of 7 -lB. thea bent the meeona thl'ough 7 .z des iato the poaition 

occupied by the SO •in. propane bubble chamber. 'fhla chamber, which 

hal already bee~ ~~.~~lbed, 3 11 30 .. 1/z ... t.a. by Z.l·l/Z-iin~ by 6-1/Z-la. 
' . ' . ,,,,,, -:·f-~·. ';..,~·. '.' . ~. " . 

It operate• ln a magnetic field. of 13.5 k. aatuaa. 

Trajectode1 followecl by 5.5-Bev/c mesona were computed, 4 

aa.cl th.e chamber waa placed eo that Deaative pione of tht.e momentum 

paeaed down lt1 ceDtel'. The operation of the quadnapolea re1ultd. in 

an lmase of die target at the cllambel' that wae z.s""". wf.de by l·ln. high. 

The momentum lpl'ead waa about 80 Yev /c per la. Tbe UDcertaluty in 

momentum at any poiat In the chamber waa thu1 ZZ4 Mev /c. The 

momentum apl'ead wa,l decluC:ed by the uae of wbe orbltl and co\lntera. 5 

Becau.ae the beam waa ccmceatl'ate4 in the realon whel'e the momentum 

was lower tlu.n 5.5 Bev/c, tbe average momentum wae lower than thie 

centl'al value. Three methode were u.eed to cletei'Di.ine this average. lr1 

the fll'et method we combi.Ded the obeel'vecl flux diltl'lbutloa with tbe 

momentum cll1tributlou acroa1 the chamber ae d.etermin.ecl by the wire 

orbite. The second method coaei1ted of the direct comp\ltatloa of the 
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average from the curvature raeaauremeata of momenta of a eeriea of 

beam truka. Au elastic coaetrainta program, which l• deacrlbe4 ln 

more detail later, provided the third d.etermtution of the averaae 

momentum. Tbe weighted aven.ae of tb.e three cletermia&tlona waa 

5.1?.0.05 Bev/e. 

8CAMNINQ 

Approximately 11,000 pair• of picture& wel'e aeanned oa a 

machtue tbat cont&lDa two projectol'l mouate4 above a 1theet of formica 

that aervea as a vlewina acl'een. Nirrora l'ellect the Uaht bom the 

projector• OD tho ICI'eeG. Because o( the aonalform aux 4ia.tr1hutlon 

acroes the chamber, two different ild\tdal regioae were choaea. Theae 

are shown in Fls. 2, Vlllich cotitaln.e an outline of the bottom glaaua ol the 

chamber. Region A, which is bouncled by the inner rectaaale, le 40 by 

30 em. The outer rectaDale boUD4a :region B. Which i8 iO by 40 em. 

Flux was counted on beam tracke tbat entered reaion A only, beca"ae 

the larae number of trac:ka 'betweea the boud.&riea of the two reat.oua 

on the right made the aecvate coating of beam tr-acka la thb ar-ea very 

difficult ancl teclioua. The aaplar cUetriltutlon, however, contain• all 

observed. elaetic eveate whose origina were inaide the larger rectangle . 

. lDltNTIFlCA TlON OF EVENTS 

Moat elastic event• at thla eDOI'IY po••••• certam vleual 

-cha1'acter"iet~"~that pel'mlt their teatad.ve identlflcatlon ln the proceaa 

of eeanning. Slrlce thla ia pdmarUy 1mall•angle acatter.,_., a conalderable 

fraction of the elaatlc event• ll expected to have recoU protone that 

) 
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etop ia the Uquid: we found that 6S% of the elaetlc evente bad atopptng 

protons. The tracks made by these particles bave an ionization which i.e 

well above mlalmam. The 1cattering angle oi tbe proton. ie in the 

neighborhood of 60 to .85 deg, f.~ general. The t.l'aclt ot .the aeauered 

melon ehowa minimum lonlaation ud makea a. em.U aagle of the order 

of Z to 5 dea with tile beam pf.oa. The ecatterma aaglea were meaaued 

roughly with a pl"otr•~tos- ta the proeeea of acamdq. ancli004 aareement 

with compute4 values resulted when the scattering plane ·waa fatily flat. 

Two eUshtly different techniques were used to obtain more· 

defi.rlite information regudlna the ideatity of the nearly 2.000 events 

that were su'bmltt4td ff)r measurement. In the flrst method, the events 

were claeai1ted by i.mpoama the followlna lduematic:al conditions that all 

elastic events must aa.tiafy: 

(a, Angular correlation. The inci<l~ut pion momentum was 

asaigaed from the wire orbit calculatloua accol'dlng to the location. of the 

event ln tlle chamber, and tables eontamlAg the correlated an1lea as a 

functiot'l of t.ndflent momentum were uaeci. The angular correlation of 

a •ample of tho elaetie evente with meson acatterl.ng anpea of 5 &ea or 

lees ls ahown tn Fig. 3. 

(b). Cerrelation o£ proton range and proton acatterina angle 
-

for •topplag reeoU•. 'l'lda requirement ia related to (a) a.nd waa impoaecl 

lo the 63o/o of the caee1 in which the proton stgpped lathe liquid. lt is 

the mo•t reliable criterion aince the range can be determined. with a 

hiaher degree of precdaton., in geaeral, tllaa any of the other parametera. 

(e) Ccpla~al'ity. This quantity waa meas\Ued by the auale 41 
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bet'tfen the acatte.recl.ae•on aDd the plaae fonDed by the mcomiaa ~eaon 

and the recoU protoa. Thie angle Ia sel'o wlthla expedmeatal el'ror for 

an ela1tlc eveat. 

The reqabomnte of momeDtum and e~el'gy coneel'v&tloa were 

not lmpoae4, beeaaae momntu.m mea1arememe were aot made with 

aufftclent aecuaey for tbeee to be meaaiasfw. - Slnce measarementa 

could not be made wltlllllllnlte acc:uacy, the above coaditt.O.e wel'e 

eonatdered eatl1ftetl whea the meaeored anglea .aareed with the expected 

onee witbln experimeatal el'rora. For eveat1 ln which the recoU proton 

.1topped ia the 11qu.ic1, the aeatterinJ •angle error • were defined by tlle 

equ.ation. 

for J • m, p. He1'e 9t f.a tlle ta'bGlated ac&ttel'inaaaale for aa elaatic event 

with ineomt.aa momelltUm equl to the wbe-orblt value and a proton raage 

equl to the meaaared valae. The aogle 8 f ta tb.&t co•pu.tecl from the 

aeometry of the event. The aubecrlpte m and p .taad for the me1on ed 

pl'oton. reapectively ~ 

1'lle prblclple 1oucee of errora w•ret (a) dletortioae ot 

tl'acka c.aueecl by tv.rbweue lu the oil throqb. wldca the chamber was

photoaraphe4, (b) errOI'I lahernt ln the ~~teasulag techalqoe (A travelina 

mle1'oacope ._fluaed to ebtain polata atoas a uac'k la each of the two 

viewt. Tbe1e cool'4iaatea, wkleb wel'e puacla-.4 oa IBM carde. permitted 

tbe tletermlAatioa of the 8p&tial orlentatloa Of the track. Tb.e ei"I'OI'I 

&leoclated with thla techniqwa blvolve the accuacy of foUo-wiaa a track 

With the mlcroaeopeh aacl (c) multiple acatterlaa affectlag cuvatu:re and 

meaauemente of anal••. Thla latter phenomenon aad the oil c:Uetortt.oae 
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mentioned nove were the primary Umitatlone on the accuracy of 

momentum mea•urement•. A quutltattve ltud.y of the errore ·was made 

by ualyziag the optical eyetem ueed in photoaraphlug e·vente ud by 

repeatedly mealuring &< aerlee of beam trae"'•· J'oUowt.na thie study, the 

ltmltlng errore on the meaeuementa of an glee of elastic events were 
' ' ' 

aaelgue4 ae toUowa: Mm < 2.5 t\eg; Afp ~4.5 deg:' ~ ~3.5 4ea •. 

In the aecc:ttU! metltod of claleiflc:atloa; of .-vents, tb& m.eaaured 

acattert.ns aqlea aad momenta were u.sed to_ 4eflne funetlne P' ~(9J, PJ' P 
0

). 

that are aero tor IUl elaatlc· event meaeured with laftntte accaracy. This 

1a the methocl of approximate lineal' t.agranst.an eoneuatata. 6 The JF' ).' 

wldcll are lour ln aumber, expreei momentum unbalance .tons al:mt 
. . 

tl'aaeveree to the beam, energy u.abalaace, and ftoncoplaurity o£ a two/•prcma 

e,ent. Fo'l example, · Wbomentem unbalance along· thl~ beam d{1"ectioa ie 

expre•••« by 

:E'l Ill p COl fJ + p COl 9 .. p e' · m m p p o 

lnt&ood.uelng the Lagr&ngiaD multipliel'a • ,., · one tt.nde the molt prGbable 

values of the alne quntitlea aaeoclate4 with a two-prong event (two apatial 

anglee and a momentum deecribed each track) by minimizing 

' u tx1 .,., = L 
. l=l 

,. m . 
The quantities x1 are the meaaared value• of the variable•. aad u1 are 

the atallc!lard deviatloae alelp-ed to each meal\ll'ed value. Th••• errore 

are detel'minecl £rom the lealt•squal'el fit ot a puabola to tho pnjection 

of the tl'ajectory of a particle on a hodzoatal plane. .Becauae of the non

lineral'ity of the conatl'alnlna equatlona, the proceae ol mlnlmiatna M ia 

actually an iterative one. The valuea of the fW'lctione 'I'),. for elaatlc 
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eventa range from -Jlo-31 to lto•8 f, while for inela1tte eventt the 

range l• from .... 11 0 "" 11 W I 10 ·•1. W • de4uced that a value as tar ge a. a 50 

for M -.a a aot u.nrea&Oilable for an elaetk event or poor meaauabUlty, 

an4 la a few ea••• ov:o laraer. valu.ee were admitted. VIe aleo foWlcl that, 

while lnelaatt.c eveate geaeYally bave M valu.ee azoeate1' than 50, a rather 

large fraction ( • ZO~) have value a of 50 or leee. The distdbutlon ln M. 

for the ela1tic eveata le 1hown in Fig. 4. The taU of the dietrlbutl~ 

is clue to e-lllllii'II,OJb~ .... q\iallty and to backgro\ln4 events ladisMM.auiab· 
•;\.' 

·.,.· ·,··. 

able from the elastica. 

Compadtll the results !rom the two methode, we !ov.ncl that 

they were la apeement moet of the time. Ia 15~ of the caaee, however, 

the couelllliODI drawa from the t\VO ae to the i.Mntlty of an event were l'lDt 

in aareemeat. It 9i.&t,~~\i#<ti tllat the aaaume4 el"rOI"& uaed .in the conatralata 
·, ·~ ( > ' .~ l 

prosr•• werel1.Wfi~i.ct1y·•,atlmatetl ln thoee caaea ~ere tllere waa 

dlaass-eemot. ancl the Elnal cleeteioa w&a made foUowiag the mo1'e 

aeuchlns ew4y of the error• meatloaed prevloaaly. 

To check the aealpmeat of maxtmum-ecattering-aaale errore 

tor elastic events aacl alao to 4eterminetbe laac:At;round from· tnelaatie 

eventa, we conatr1lete4 three erretr dlatrlbutlona for all evnta .hai~lug 

etoppiaa recoU•. Jn each plot two of the reatrlctiooa were tnvokecl on 

the aelectect event•. · !"liUJ'e J . ahowa the A9 P dlltrl'butlon for eveate. 

havit\g raagee of 1 em Ol' lela. All of the eventl bad. A8m ~ 2.5deg, ~ 

< 3.5 deg. The aolii euve ia the figure repreaente the gauaalan fit 

to the data _obtained whea one aaaumea a limltlag error of 4.5 4eg on 
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the proton scattering angle of an elaatic eveat. 'UDder the a..-~~ibn1 

that U\e ba.ckpoua.d ta Jla.t lA. the acceptance region, it wa~ foWld tA&t 

· 10~ of the accepted events ue dpro'bably in·elaattc. SlmUar plots of the 

other 41etrlbutlone showed a smaller backg~ouad when 

aame aeeumptloa of ccmatant background.. ~slk.o:st 

predominates and fixe• the bac:tt.sround. at 10%. 

The aeeumptlots of a cnetut background ln thet acceptance 

region was i~veatigatect by plottf.na the three erroJ" cti.a&l'l\lu.~~n fo~ · · _··· · 

lnelaatic events having stoppina recoUa. The reaulta are te.prociUC:.'d'' 

i.n Fig. 6. It la 1een that th.e diatrlbut~a in both A6m anc! + ·fol" inelaatic 

evente tend to ~~~~.-~~-~eir acceptance regions. (;.,v.n,i-, ,s~aaeate the 
' .. "' .. ' :·.'·~·:i: 

posatbUtty that background ev~nta are libly to have relatively amall 

meaon ecatterlng anglee, an4 that the c:cplanadty of these ev~nte is likely 

to be aood by our criterla. The A 8 . hiatogram in Fig. 6 shows lbat the . . . p 

aaaumption of ccmataat baeltaroun4 ie, in thll ~aee, a good oae. Assuming 
, ~'} •If'·!- '<-.,:; .• •,'.- ' " . . 

that no strong correlatlone exiet between tbe three angle• for inelastic:: 

eventa, ne can define p•o'babUltlee P m' Pp• Pc• that the errora in the 

meaon acattertq angle, the proton eeatterlna aasle, and coplanarlty, 

reapectlvely, of an lnelastlc event wW 'be leal than the cot-responding 

limite for elaatic event•. At lea•t partial veriltc:a.ticm of this a1eumption 

waa obtakled by removf.as the lnelaetic events in the interval 3 dea 

< 9m 5... 8 <leg. We founcl that when these aame events were remO-ved 

from the A9P ld.etogram. the ab.ape of th• latter -waa left uachanged. With 

the large n\lmber of reactions that cau take place at thle nerty, and the 

lack of a oae-to .. one correspcm.clence l)etween 9m and 6p in inelastic eventa. 

it le unlikely that atroag correlation• exist. J'.rom the three distributions 
,. 

one obtaina: P = 0.4Z&•0.03: P = O.Z 11:~~0.01,• P = 0.648•0.04. m p c· 

. < 



The probal!>Uity that ~ luela.atie e•ent •imuitaneoualy aatf.afles the 

three aacular' erlterta (and le called elastic) ls P mpppc: • O.OSSi!:O.Ol. 

Tbe flfta1.1eparatioa ~f the event• yielded 375 elaatics and 436 taelattlca. 

The remaindel' -of tll., measured eventa were obvtoufly lneta:ettc. Tlle · 

baektroen4 become:a 4'6/STSX0.068 ''"(711:3)"'· The el'rOl' la largel' than 
. . 

atad.stic:al aad l'eflecu the \ltlCe'l'talnty of the Umtta on the three aaalee . 
.. ' ' .•• ···• 't-"~·~· . '· ..... ~ . :, . .:;• ,, :~;: • 

Tb.le ficue wa1 u.tecl to COI'rect the elaatt.ci eveats for ba~kground. 

The ldeatlty of the elastic event• that did not have stopping 

proto-as wa.e made by aeaomtns that the meaaurec.t meson 1cattertna. 
. ' ' .• ·~····· '• •..:•JI,t.!,!'-"~~'''.! 1-!t.>');. 

angle 1faa eo:rrect to O.TS deg. A maxinntm err()r'oli~5' deg wae thea 

allowed em the meaeured value of the proton acatterlag anal•. Theee 

cdteria were cheeked by lookttta at elaatte eveate ln the laterval 4 4•1 

~ fm ~ S HI• ftla le the tr•llltioa 1'eJiOa m which lOme Of the reCOil 

protons atop ud •eme do aot. W elgbtl.a1 factor• were applied to each 

event ta wlllch the l'ecoU 1topped. 1'l't•H factor• were calculate~ by 

as8\lmlag aalmuthal aymmetl'y ar~4 the lacomlaa beam clil'ecdcm., uc! 

corrected for evnt• ta whkb the protoa woW.d hlt oae of the phyelcal 

hou.ndarlee ot th• chamlKtr. By thla proc:ed\u'e we estimated that Z9 

eveau ID the above lotflr..S. wowcl lte expected to have tlOftltOpplaa protODI. 

By actual count, we 1la4 JS evntl ln whtch the protem• left the chamber. 

The goo4 aareement betweea theee two aamber1 meane that very U.ttle 

btae wae lRlro4uced by tbeee C:11'lterla. 

\ 



RESULTS ANJ) CONCLUSIONS 

The tmeorrectecl aagwar cliatrlbution of the elaatic: evente ta 

plotted la Fls. 7. The aharp peak i.a tile lol'war4 cUrectiou ia chal"&cter .. 
'. 

iaUc of 41Uraeticm ecatterbla whlclt. is, without doubt, tile domiaa.at 

procees at this eaergy. Oae alao obaervea that no eventa were foacl in 
7 . 

the backward hemisphere • a .reault that waa reported earUel". Thia 
...,, ;... ·, 

fact 11 additional evidence iol" the diffractia oature of the elastic -aca • ._,rlnJ 

proc ••• at thla ener1y. The corrected anaular dieh'ibuti.on, repreeented 

ltt Ff.a. 8 by the clrclecl pointe, ccmtalna om y the eveata for which the 

meaon acatterlug aagle• were greater than 6.8iites in the center-of-maaa 

ayatem. The ideatiflcation of elaetic eveate was pa.rtteululy ciWicult 

below thla angle becauae tbe protoa recoUa are lese thall 1 em in length • 
. . , ,.. ''"', 

.Multiple acatterl11g aacl the abortaeaa of. the track lreq\ilently cause angle 

mea1uementa to have abnormally larse errore. M.os-eover,, many ev;enta 

are mieaed aa one approachea the forwucl directif)n from 2 d.ea becawae 

the recoU 11 too short to be reaclUy observable. if at all. Ja ac:lditton to 

the correction tor background, the obaerved aogwar <iiat:dbution was 

corrected by a factor of lo/o for eventa miaaed ia boa of the two acane of 

the film. Correctioa• lor the orieatation o£ the ecatterias plauea of the 

evente were compiteci from Fi1. 9 which contaiaa the folciec:l azimuthal 

d1•t..-ibutione of the elastic:: .evnte. The asimuthal aagle + ia that between 

the planes defined by the iAci<lent pio11 anc:l. the ecattered meson. and the 

incldent pion and. tile vertical. The ranaea on the mesoa ecatterina &DJle 

in the cliatdbutiona were cboaen ao that approximately the same number 

of events appear in each diatdbu.tton. Each cUatributi~n ahould be isotropic 
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in+ and the obaerved aaleotropy ie aa t.rulic:atton of the nv.mber ot evente 

missed. From the hiatopama, a correction of 32" waa decl\leecl t~r the 

• • interval 6.8 deg < (J ~ 11.3 dea. whUe the eventa obaervecl in tbe interval 
• • 

13.3 d.es ~ 6 ~ 180 ctea mu.at be inc:reued by 16o/o. 

1a priaclple, the corrected dlatrtktion: can be fitted by a 

c:oaine aerlea, but the raumber of paramet.~rl that m,•~ be determined 

Ia prohiblUvely la;a,·: At 5 Dev. one .might exPect aaaialu momentum 

atatee up to I. • 10 to contl'lbute. Furthermore, the obaerved cliatrlbution 

JuatUles tile uae of an optical model. The coaventlcmal one waa.uae4 in 
., 

which the elaattc 4U'ferentia1 eroaa aection ia expreaaed io. the fol'tn 

•• ... a* J1 (b abs {I ) 2 
u.a~ ·•I I G ala s• · 

The aolld cvve in Fig. 8 la a modified leaat-aquarea repreaentatlon of 

the corrected clata. The conatalltl w•re determined to be a a 119 .Zmb 

and b • 1.18. From the above equation. oae fbuta tlt.at the zero occur• l.or 

6 • c 29.6ctea. aad that du(O)/dA la Z9.8 mb/ateradlaa ln the center-of .. m 
maee ay1tem. ftle vatu ot the ciifferenttal cl"OI8 aeetlon la compared 

ia Table 1 with value• 4eclv.ced fl"om total croae•aectlon data obtained in 

othel" expet'lmenta. Tb.••• calculatlona wel"e macle 'by ualaa the optical 

theorem, and aeeuming that the real part of the torwru-4 coherent 

acatterlaa ampUtu.4e ta aegllJlble at da.b energy. 8 lt la seen that our 

valoe la lD soo4 &lreement with that ~duced bom the total eroaa section 

meaeurement of Wl'kner et al. 9 From th.e above value of b and the wave 

number lathe eenter•Of•maaa, K = 7.46xlo13 em -l • 5%, the pion-proton 
13 . 

interaction rad.iua waa found to be 1.04Xl0 • em • 5%. Thla radlua it 

in agreement with that obtained by Stetnbe:ttcer et al. , wldch ie 

1.08~:t0.06Xl0'"' 13 em at 1.44 Bev. 10 We are alao in.aareerneat with 



~.--

: · ....... \ 

.. 
Table 1 

1' .. 
uT Eaeray . ctJ( 0 )/dO B.eference 

(mbt (8evJ . (mbLeterad) 

Exuapolate4 from 
Cool. et al. 8 30 . lt?wer -energy data 3Z 

to 5.17 Bev 

Zl.S:t-Z.4 4.7 l&•tz~ Maeuchen et al. 7 

28.7&2.6 4.3 29 .l:t:U% Wilmer et al. 9 

5.11 29.8•10% Thle measurement. 
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Manchu et al., who obtained (0.9~t~O.li)Xl0 .. 13 Hti it% El'~: 6ti~ iliijlil:
coaclutle on thll ba.tdl that: tlle1'e ia· aubatudaUy u chana• in the l'&diue, 

wlthla experimental eJ'rOlt. betwe.en 1 an4 5 Bev. On the other hand, one 

woac:le1" • Vlbether the lower value a obaervea by Maellchetl and by ue are 
• v -.... :. .,; "\ -~ ' • ,~ " •• • '· ' :· 

buUcative of a decrease ln thla parameter _with ~·t-u. The poeat.bUity 
j! 

that & ehaai81J wf.dl ODGI'Jf has bed prevlOU.Ily advanced. ll One mlsllt 

explala 1\lch a decreaee Cl'u4e1y by aaa\lmllll that oDly tile fil'et ·few 

uaular-momeatum atatel are lmportaat, even at hip eneralea. The 

cuve la Fla. 8 wae .~oatlnued beyond the fir at l'DIAhn~ in order to learn 

wbel'e the aecol'ld madmum wou14 be expeet.fji il dUfraction eeatterma 
~. l'o,,~ ....... _,_·_.;t ... ::;-;;_v,.lit:'""':'~ . ' f.i;,_T~···:-/.""" 1"-~·- ~.' ••• 

con.tlnue4 to prettaU •t larce aaglea. the patten become a very broad 

alter the lf.rat ael'o, u4 the eecon4 peak occu• at --43 des. The 

4Ulerefttlal ~roas aectlon la oftly #fl 0.5 m'b/atel'ad at thie peak. Tb.eae 

claa.ractedatlca m.;r,ke the aecoa4 peak, lf f.t exl•ta, very c!Wicult to 

o'beel've with these etatiatice. 

· Tb.e total elaetle croee eectf.on ._.. calculatecl fl'om tile tl"ack 

leasth ud the total aaa~ber ot eveate o'baerve4 in reaioa A ol. J'la. 2.. The 

track leaath of lZ.lZXI05 em wae calculated by cO\ladna tracke aad eveata 

la every tatla picture. Coatamlrlatlon from mv. meeoae waa eetlmate4 . . 

at 4~. Tb.e ealculation waa baaed oa 'beam aeomeuy ud the momentu-m 

aelectloa of th.• ~~.-ins uaapet •.. Ara eatlmate of elech'• coataminatloa, 

aaa4e by couatlaa the aumber of ~•ch'oaa th&c loat 90,. or mOI'e of thell' 
' ('" 

neray b\ the Uqul4, l'elulted tn a value ot 0.1'&. Contamt.utioa lay 

electron• l1 tbua aeplglbly em&ll compUed to ~t &om muoaa. The 

aum'bel" of evente ·loud ln fUuctal real.n A waa 2.J'7. 1a addition. 56 
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event• wlth au••n scattering anglee t.n the iaterval 0 dea ~em ~1. dea 

were mlaaed. 1'1\ie aumber wae eompated from the &eoretical cuve 

of Fla. 8. These 4atf. yield a total elaed.c cro•• aectlOD of 5.6•0.5 mb, 

whichla ia asl'eem81lt wita the 4.1•1 mb value obtaiaecl by Maenchen 

et al. 7 The aaaumptton that the, proton acta llke a totally abeoJ"'bina 
. . . 2 

•phere, however. reault1 1ft a value of w J1 = 3• mb. J'rom tbe extra-

polatecl valv.e clo-(0)/dO aa4 the optical theorem.- the total hydrosen 

croaa eectt.cm wae fo·•• to be 29 .1•10%. The opacity of the aphere ia 

th\t' 0.69.0.01. 
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J'lGVRE LEGENDS 

Fig. 1. The beam geometry. 

Fig. l. Ou.tline of bottom gla•• of chamber. Region A i.e boundecl by 

bmer rec:taqle; B. 'by quter rec:tansle. The horiaontal or 

vertical dietance between two adJacent d~ts ls 5 em. 

Flg. 3~ Ansular correlation of ela.etle w-P eventa. The solid curve• 

;,; ehow the correlated scattering angles for lneldent pton 

momenta of 5 Bev/c and 6 Bev/c. re1pec:tively. 

Fla. 4. t>lstrlbution in M for elastic events. 

Fls. 5. Dl•tri'butlcm. of proton-seatterlag-angle errore for events haviug 

ranges~ 1 em and A 6m < Z.S deg, tJ1 ~ 3.5 deg. 

Flg. 6. Deviations of the scattel'ing angles and eoplanarity of backaroW\d 

events £rom values expected for ela11tic scatters having the same 

proton ranges. 

· l'lg. '7. Observed angular dlatrlbution o£ the elastic events. 

Fig. 8. The corrected anaular dittributlon of the elaetic: event~. The solid 
curve is that obtained when the proton is pictured as a black sphere. 

Fig. 9. Folded azimuthal distribution a of elastic evente. 
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