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1\ B.':i'l'RAC'f 

'l'lw Bm·keley 1 5-incl\ hydt·\)g.e:n bnhble ch<·unber was used to in-vo•:~tit::;41.te 

,/- p into1·ar::ti.•.ms at 600 r;Lt~V. 'fht~re wl.'\·a·e 1139 g<>o.:l "'vents:>, ot whtch 71. C) 1 0.0'/, 

were eb,liJtic:. P~uti<:ll wav·ea up to at leaEst n
512 

n.1:e r~1quh·od to fit the eb.[stic 

angul.~n diah·l.hutl(m. The iuc.;la~Atic &.'!Vents were ahno;nt enthaly uingle-r,iou pro-

ducdon. Th~ l."iltlo (p i· 0)/ (n + i·) waa .i:ound to be 5. 5:!: 0.3 which agrees W('!ll witl1 

4. 9 p1:C:~cH.cted Ly th<..l (3/l, 3/2) }.'lion-nudl2.:.>n isobar mm.k~l of Olr::JF.lon and Yodh. lt 

ls ahH> · com1i.1lt.c-.nt with 6. 5 pr-(;!clictnd by St~rnla~ime:.r and Llndonba.u.m. Th~ pion 

1:nornentum spoctt·a. and the n - 11' Q.-value Jistrlbutions t\.lso auppol't the Olsson o.nd 

Yodh model. Thua the (3/2. 3/2.) pion-nucleon itJoba.r ia appa.rently the principal 

n1t~chanbrn for ainr;lo ~pion p:ro{.hl.Ctit.>n at 600 1'1,:ov. .Anrgubr iliotributiong !o1· the 

single -pion-production clata a1·e prc:!H:mtll!~d. 
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* In t cr. act i <~ n o! Po a it i. v .e Pions with Hydrogen at 6 00· MeV . 

F'etmr C. A. Newcomb 

Lawnmce Hadiation Laboratory 
lfnivo1·elty of California 

Dt~rkeley, California · 

~~rarch 1, 1963 

I. INTP~ODUCTION 

At 600 "MeV there is a peak in the tr • .. p total cross s~.ctlon b':lt not "in that 

of the w+ • p oyetcrn. 1• 2. Thcrcfm:e, i£ thfs peak is a resonance, it must hav~ an 

iootopic spin, ·.r, o! one -half. To rietm~niine the T = 1/2. phase shift a from the 

w. • p data, one muot .first anccrta.in th~~?! T :-:: 3/ ;~ phar~e shHto from the w + .. p data 

at the same energy. 3 For thia· rcaoon, 600 .. ~~r.:eV was chosen as the beam energy for 

the pr.eaent experiment. 

+ . . 
In tl-.da expedm.(.mt both the elq.stlc and inelat>tic TT - p interactions were 

investicated. From the 124.:5 clastic events o bt;.dnod, the clalltic angular distri butlon 

was quite accurately dctcrrnincd; hcr;;vev<'~r. there were not enough double ec.attere ·~o 

study the p•.}larization of the outgoing p::roton. 

For inelastic inte1·a.etione tlw cncr~~y of the incident beam lo below the· 

threohold fo.r ott-ant;<' -p;uticle production; only pion production ia possible. Although 
. . 

kinematics permits as h.ieh ao tdplc-pion production, the inelastic eroas section is, 

in fact, ahnoat entirely single-pion production. The que:stion arisca as to which of 

the known l'esonances might contribute to tho two possible single-pion-production 

reactions: 

+ -J- I) 
'lr +p-'lr +p+w 

+ ·1- + 
1r +p-w +n+w. 

There are two obviQuB possibilities: either a two-pion resonance, or the (3/2, 3/2.) 

pion-nucleon isobar •. Jn thiB expcrin1ent th~ possible total mass of the two pio:ns 
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( < 574 .t-.·rr~Y) ~'\nd thoh· it·Jotoplc Bplu utatri!G pn~clw:lc all o£ the establiuht:Jcl two-pion 

.reGO!lam~C:H.:. 4 
Thin lm1vea tlu~ (3/.::, 3/l) p\on-nu~ltH>ni13Qbal·, which han a ma:1fl o£ 

1239 } .. \eV, a r. va.h.w of appt·o.:s:lrnatoly 145 ~'i.eV, and can contril•ute to lJoth 

react\ono. In the prcEH.~nt e:mper:ln1•:!_nt the pion-nucleon total mass can lie l>ctween 

10'79 and 1372 ,1\,.toV. Tlmo, thf! iaobnJ· dorninatea the avaiiable phaBe apace and 

probably playa an important ro.lc in olngle-rri.on production, 
r: 

l3t..-!t·gia ct al. -' have rcforrnulated the isobar modCl of Starnhehner and 

Lindenbaurn. 6 Two o.mpHtudes Ct\11 l:x;, formed. with the i.aobar for th~ reaction 
. + I 1 "' + p- 11' + p + 11' • S(~e F'ig. 1. Bcl'{~ia. (~t .al. pQint· out that theee two diagram a 

at·e indifltinguiohable e::-cp~Jrhnentnlly, ant.i ther<l!f(H'e their o.mplitudee, not their 

cross sections, silC)uld be added: 

where a and p are the iaotopic-spin Cl€!bsch-Gordan COC'!fficients, and p is a ay.rnbol 

for the phase-apace factors. flcrgia et al. u.t~ed a thcoi·etical eXpl'tHH:Iion to deocribe 

the e!lect of the isobar in · ?vla and M'b c.l.crivt~d ft·om the one that had successfully 

described the (3, 3) elastic renonancc. To simplify the cal~tuation of the momentum 

. * o pcctra o! the two outgoing pio·rts, they anaurncd that the N production was iaotropic 

and that it decayed iaotropically in its own rest frame. In their results the inter-

!erence term· produced a large dip h1 the rno~-m~ntnn·, ~pectra of the !'::mtgolng piano. 

They Gtate that if the inter!c,renco tP.l·m ia neglect~d. their model reducea to the 

Sternheim.er and Lindenb~wrl model, which correopondB to coq1binlng·eros~ .sections 

instead of an1plituucs. 
. 7 

Recently Ols a on and Yo.dh ·have elaborated on the calculations of Bergia et al. 

by (a) using the proper decay angula.r rHat:d bution of the isobar and (b) by Bose 

syrnmetri~ing the ampliturle. The ioobar production is still assumed to be in the 

S state. These authors find that by imposing th.eae additional requh·emente, the 

larce dipB in the pion-.mom<!ntum spcch·a found by. Bergia et al. disappear. 
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U. }I~XPii:H liVlEN1'.Al~ PF. OClt:D'UH E 

Thi.E1 experimo11t wae done at the DlW&\.tron in the; Berkel~y 15-in. hydt'ogen 

bubble clvuHber. Tl.!f."' beam. which wo.a built origt.nally n.s a oct>arated K+ beam (uee 

8 ·+ Goldl.M\b~:r ct al. ), W<Jti!J retuned to aeparate 1r m~~aonfJ. No change in the conotruction 

ot· lc1yout o.f the appara.tul!l was roqulrecl. 1'he layout is shown in Fig. z. The circulating 

proton beam in the Bev~tt·on wan 1·educed to 109 protrJns per puloe in order to obt;dn a 

!lux o£ about ZS w 1- meaono per. pulse in the bubble chamber. Appt•oxima'tely 17,900 

pictm·<Hll were taken. Goldhaber ct al. have described the beam and its op~tatiott in 

dHtnU, so it will hot b~ cl.l'lacribcd here. 

The lx~ari."l momentum war.J checked by stopping protons in copper directly ln 

front of tho charnbar. 'This gave 72.5:+.7 IVfaV fc/j~~~~lo center of the chamber •. The 

quoted error is tho uncertainty in tho centrn.l value. In the data analysis a beam mo· 

mentum of 7ZS±.l3 MeV /c (kinetic enet·gy of 599:~13 MeV) at the ~enter of the chamber 

was uoed. T1H~ ±.\3 1-!eV /c wns ·th~~ actual m.oment.um spread given by Goldhaber e.t al. 

The central vah1e was also verified l:~y cu:rvatu1·e tneasurements of the incoming beam 

tracks in the bubble chamber (ace F'ig. 3 ). The tn•t·ors in the curvature mAaaurements 

were too large to check the momentum ap:read of the beam._ 
. . + . 

The only n''nnegligible contarnination in the beam wao the Jl contamination, 

an estimated lO'Vv. Since no ab!30lntr.'! · cro!llt;; sectiona were measured in thh e:.Ttper • 

+ iment, the Jl contamination he.s no effect on. the reaults. 

Ill. TREATMENT O.F DATA 

A. Scann!eg 

Two scintillation counte.rs, operated in coincidence directly upbea.m from 

the bubble chamber, counted the number of particles entedng the chamber •. This 

information was displayed on a pair of meters which were photographed with the. 

bu.bblo cha.rn,ber, Scanners· rejected pictures in which thcae coltnters ohowed greater 

than 3 5 counts. They alt.1o rejected poor quality picture& or those for which· the 

counters W(~rc accidently tti:rnod oH. · In the whole experiment, 2.Z.6"/o of the pictures. 
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including pictures which had no t.:l'ackv at all, wore r~Ject~cl; howeyer, by far the 

grt~att1st cnuLJo for rejection wa.u too great a bearn fhuc. 

A 1·octan:~:ular fiducial H'!ginn ar:'proximately ZO hy 2.0 cin was dOJ:fined in on~ 

view. J)cfininr; the fiducial l'nglon i.n only one view was convenient [,yr scanning and 

was aupplt~n1ent(~d hy much n1~n·e r~strictivt~ critre:r.ia nfttJr the eventa' '"ere nHHtr:Jur~d. 

'fhl" cleara:ncc bt;ty,.oen the fiducial r.e:.1gicm n.nd the l'dgl~ of the bubbla chamber was 

approxirnately S c:rn at th0 end.s and r, ctn on the oide11, 

Tho picturer:J wore occu'lllad fo,· all interactions of bea.rn h'\\CkB fnoide tlu~ 

fiducial 1·egion. All c.wentu except aingle-prong forward scatters were measured 

on a digitized rnicrm1cope, 'J.'lan·e:.' WOl'<' 2494 .t 1 of tht::t.H!, oi which. aU. but 8 had two 

outgoing prongo. · 

The film ·~"·afJ aca.nn,~d by two peoplf~, who <'tlso doubltl-acanned 2.2o/t. of th~~ 

' . 
pictures to dctr:!rrfline their gcanning ef.fir.:ienden. 1\) find any pos.'Jible el'rors, tlw 

writer, who was one o( the ocannet·a~ lb(>ked at leaot twice a.t all of the events that 

were found, 

The averag<' scanning efficiency for Uw e:x:pcrh.ncnt was ereater than 95%. 

No scanning biaa was found for inelaotic evnnts, A ocanning bias was observed., 

however, for elastic evente in the forward directim1. This bias was not large, and 

was well dete.rrnined. The details will be •Dxplaincrl in the Section IIID. 

n. Cornput:_! Analysis q£ Da.ta 

The data we1·c analyzed l·y twing th.e .lr'OG-GLGU DY.-YAin p:rogl'anlB on an 
. ·. ·' 

U::Hv.t i010 computer. 9 ]figure 4 shows the CO(.>rdinatP. syGtem used, 

The fitting procedure and errl'lr aot•igru'nents us~~ in the. CLOUDY prograrn 

were 
. 10 

checked 'by plotting, thfl S-vaxtabh! <listrlbution~ fo1· 152 elaatic cvent11 thnt 

fitted elanticity with '(
2 

I( n.o. Tht! reEmlt.s were Vl~ry good; thet·efore tho el'l'(.'f 

asait;;nmenta tHled in CLOUDY we1·l~ not adjuah'ci in a,ny w·ay, That lu, the 1\f.l:Jtgued 

rneaBu1·ernen.t erroro wcr<'! arrived at on a d~f.inite phyr:tlcal ha.sia. 
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Cl,OUDY suhlltituted a value of 730 ~ .. r,~V/c ~t 1.6% for the momentum of every 

beam traclc at a poh1t 19 em upl.>~)tlm Crorn tht~ C(~tntt>!r of the chamber (x = • 19.0 em) .. 

lt then corrected for the iortization loms clown to the poh1t of interaction, This pro ... 

cedu.ro ga"e. 7l5 MeV/c * 1.8% at tlul geornetdcal ccm.tcr ol the charnber, 

Hlotogt:o.mA were made o! a, llo Yo and z !o1· th~ incoming h·acks which 

led to the {ollowin.g beam Criteria for X=: a 19.0 cui: 

(1) 

The median plane c)f the chamber hi the z direction was z = 0. There was a condition 

on y also; however, lt rnerely redefined the scanning•ta.ble c:dtcr.iort and did not 

eliminate any events. 

4· Shice the e~aauc· and inelastic 1f • p cross sections are quite otrongly 

energy-dependent ln. the region of thiS e:.;r;petimertt, a criterion wae imposed direr::tly 

on the rneaau.:rod value o! the rr.H;.;mehti,lrtl of the incol'i"ting track. ·rhe criterion wa;s 

where Peen ls the measured tilomei'ltum at the center of the incoming track. OPext 

is the relative external ert•or. .It con&iriti ot both the error due to multiple scattering. 

and an expected average error made in meaauring the position of the points along the 

h-ack. CLOUDY abo eorriput~d DPint• the internal et·tor; which was the relative 
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i~. ,lq}~~~;:.:~_ti_f:.,t\fiat~-~ 

'fh,j two•pNHig cvtHit.:.!i 'JJ(!re divided hit.o two c;tt'=~gotl~e; ].: and N. Eventu 

llii cah)[!(it·y N wc;re ot.witl\itjiy ihi)lat.lHc fi'dlt1 their. iil".lpeat·iUice on the scan tnbie. 

That ta, bt>th outgoing pttJi'iga wurt.\ on the r.mrrie nide of the incornirtg track, or ctnn-

r~a.ri1.u.m of two vhiwa tjlio\Jt'od cn:ticiunively t.ltat th,c even.t had to· be lioncoplaha.r. r~vcilt13 
/ 

+ .!. 'ff 
I· 

I t~ 'i< ;, .;,..Jji, .-

l 'I 
'-Ji Tr f· p 'I' t 

... -;,. Ti' + H t ·if + (3) 

+ ·'· - I-- ·- 1- n, .. 1--- -rr·' 'IT·. p-t''ft' 1" 
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G. ~·~·.~.~.~!,~'!~'?.~~~~5:;lnr;;r~if.~c;at~~! 

. Event~ wex·C:~ acc<·,pted and cl;.u~aific~l one .at a· tirne, .. Beanl.crite~ia 

(1) and (Z), wcrf.'l applied to th.<e .F\)G-CLOlJDY-'fAlR outpnt, and the rnearn\n!d quan• 

titles fOJ.." each event \Vt?.re ch.:~cked rOULhly on the a can table. Any questionable mt1as. 
' 

urement~ were- rcpcu.ted, The relative ioni7~nt.io:tl as oeen on. the ac~u1 table was used 

to l'leparate proton.'l !reno pions. This \Vas a v~n:y ni.tnple pxocodure sine~ aln.Hlllt: all 

outgoing t:raclco had rnornen.ta such that if they ·were pions they were mhthn.um, and 

.i! ~h«!y wf.'re protont~~ tht1Y were '"ell al-ove rnini.•;:ntm, ln the very .few casco where. 

there wao any doubt about the muon of a pat·ticle, both pooaibllities we1·e considered, 

It was assumed, of course, that all lnteractioneJ w~ere on hydror~cn, so there coulcl. not 

be more than one outgoin.~ protoi1, Tracks that ~topp~~d in the chamber were px-otona. 

Tracks that went backward in the lahot'at~Jry r.~y·,.1tern were count<.'!d as piona because 

kin~matics prevente the proton from goi11g backward. 

Up to this point the cL:lt;i f\)r the event.!J wc:re chcclccd by a professional scanner. 

The writex· then checked on the scaiUdng table <dl .events that failed to fulfill the beam 

criteria, or for which a po~d ble error had h4!lC:n found, and mmcle the final d.ecision 

on each ol them, 

After the mass had been al:lfligned. to each of the two outgoing prongs, the 

writer checked the output fur.ther. lf [}pint wns greater thaJJ. DP ejct; fox· a given . 

track, the track was checked again on the scan ta.blc for errors in its angles or cur· 

vature, If DP
1 

t and DP • .4- were both (!renter than 10%, and DP. t. greate-n· than n e.r,L ' 1n 

twice DP t' the event waa remc:aaurcd, unleoa a d{dinite reason for the relatively 
ex · 

larr~e DPint could be found at the scan table, such as .turbulence or a very steep 

track. 

r.:vont11 tha.t survived the above scrutiuy were aepara.ted into elastic or sinr,le· 
·.· 

pion production cn.tegoric.\1 on the bash of their '<Z. va.luea. An event waa n~quired 
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were 

I· + 
'IT + p _,.. 'lT + p 1215 ev~ntfl 

1r·l· + p...,. n:" f· p+ 11''1 41 B (lVelits 

!- I + 
Tr + p ··to 'lT + n + 1T 7 5 CVt.~:nt~, 

t\nd tho rr.n·ialn{ng cN~:mtrJ did not caufH.c: any bias as will t .. c t~ht)wn. 

1. ·eor tht:• l£~4:-i elas:;tlc 0-ventg, x2 (claGtic} war; ~ 30.0; when these f!Vt~ntR · 

wert! ilttcti as fJirigle-pion .. production ( l'rr) ev~~ntn, xz wa.s t'lonconvergent 
11 eJ~cept 

!dr ninE> events 'Nhere the progra.1u c.c:mv~~xg<~d fo:r a diffcr~mt but possible m.ana as­

signnHmt. Ot'tlwae nino ~vonta, five had x2
(llr).>37.0; f~,r the remainin:g foul' ,/·(ltr) 

wae LO.l, 15.5, 14.9, and 11.5. These hl.!:r.t four <Ewnnt:(> '\ii/f~l:e tH~paratcd by comparing 

elastic and inolant.ic x2 valuee and dE.n:t1anding that the~ COAlt'!ltrainc~d n1o1-nenta agree 

wiih the curvature a.nd ioni:!;&tion obs'"1rved on the su,:,u t;iblc. Tlw ·/· distribution for 

the elaetic cvent:J is shovn1 i:n Fi~. !i. It ha..fl the t;;fHH·n·;r~·l f'lhrlp~ ·,;)f tha th0oraticu.l '(~ 

d.istributlod !u1.· !uur degrees of ft<CH'!docn.. J 7. but: th<!!' ta.U io~ consi<.lcrably broader than 

it ohould be. 

+ + , 2 
The 418 event9 of the type 11' + p -"''IT + p ·~ 11' r.UJ,tii!Jfif-d X (lw) ~ 15,0 4:1-n.d 

xl (tF.larttic) ~~ 100. For mosJt of these events x
2 ('-'la.r.~t\1::} Vv'iMil > 1000. Ther.·e \vaa only 

. ·~- ., + ·~. 
ono ev;:-:nt pennitted l::y the ionh~ation to f.it both Tr pn and rr mr , an<l for whir:h the 

, 
prognun Ct:n'i'\1''0-rged fol l11..Jtlt pij<:n1lhlllti1~H. The valu .. ~e.l of x'· were 0.2. and l.1.6 

resp-::cdvc1)r1 whith made the choic(! obvious. 

+ + + 
2evcnty~five evcntru of the type Tr + p.- Tr 1- Tr + n also aOJ,tisfied 

l . x ( hr) ~:; 15.0. There woro no ev~.:mtFJ in thie catt~gory for which the pt·oeram converged 

for anot!~cr possible maoa aeeigm:nent. The x2 (Jintdhution for the inelastic events 
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(Fig. 6) has the same general shape as the theoretical xz distribution for one degree 

of freedom, but again the taU le too broad. ll. 

Of the Z•i94 events that were observed at the scan table, 474 failed one or 

more of the beam criteria and were rejected. .As already stated, 1738 events were 

either. elastic or single-pion production evento. The remaining Z$2. events were not 

used and fell into several categories. Each category was tested !or any indication 

of a bias as compared to the 1738 events that were used. The purpose of checking 

for biases was to make certain that these Z82. events were sufficiently random so that 

leaving thern out did not bias the final results. 

There we.re 49 eventS that did not !U any of the three possible categories.· 

Several checks w~re made to determine if these events showed any systematic dif­

ference from the events that were used. (a) There was no bias in· the ratio of the 

number of events with an outgoing proton to those without. (b) The angular q!etribution 
+ '·. . 

of the outgoing w for those of the. 49 eve-pts which were in scanning category E (see 

· Sectlo~ UID,Z) and which had an outgoing proton had the. oame general features as the 

elastic angular distribution. This is what one would ex~ct. (c) .The ratio of the 

.numbe~ of events in scanning category E to thooe in N was the oame au for. the 

experiment aa a whole. From these three checks it was concluded that the 49 eve~te 

were unbiasedD and that neglecting them would not CllUde a bias in the experiment. 

Thla group of events probably resulted primarily from measurement difficulties, 

arblng either in the chamber (small-angle scatters,. turbulence, etc.) or in the. dig· 

ltlzed microscope.· 

Seventeen events fitted more than one c~tegory. For example, an event wlth 
z . z . 

X C 1 w) ~ 15 and x (ela.otlc) E; 100 would fall into this group. No significant biases 

were found when this group was. checked in the same way as the previous group ol 49 

events. The number of events in this group compared to the total.number (17315) of 
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events used represents the uncertainty in separating the three reaction~.· How­

ever. since thh group of events shows no significant bias, there are too few of· 

them to affect the errors in the branching ratios, 

The remaining events, which fell into several lee8er categories, were 

checked for biases in a manner similar to that already described, and no significant 

biases could be found, 

.D. Corrections 

No biases were detected as· a result of the separatiQn of the ev~ntA, · However, 

it was still necessary to correct for scanning efficiency and for any bias in the 

azimuthal angle, <,, Angle '' lies between the z axis and the projection o! the 

given outgoing track onto the plane perpendicular to the beam track, where the beam 

track is in a plane parallel to the x-y . plane, 

· Elastic events were treated separately from inelastic e•1ents. 

1. Elastic Events 

; 

The angular distri bl\tion was plotted as a function of the cosine of tho pion 

scattering angle in the c, m, frame (cosO ). A cut in the forward direction was c. m, 

made that requlred cosO t6 0.95. At the upper limit this correo.ponds to a pion c. m, 

scattering angle of 11.3 deg in the iaboratory system and a proton ~~nge of 0.95 em, 
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. When pr ojec..:ter\ onto tho tlhn, thiR augle and range eorteaponcl to: 11.3 to 1. 5 de!~· 

and 0.?5 t•.) 0.13 ·em, reflpcctivoly, clependlng on th.., ttttgli! ·~) of tlu~ mitgolng pion. 

Now, 1. 5 d.:~g and 0.13 em correapond very eloeely to the a.ina.ller.t angle nnu txadt. 

lenc;th that r:an bo rt~atlUy detected. Conaequfmtly, for C()BO ~ 0. 95 any ·~ bl.aB c. m. 

1'he angular cliotributlon was divided into severallntervalD in cosO and the c. m. 

·'1\ dlstributlon folded into one quadt·ant was plotted !or each interval. F'or coaO · · e. m. 

< 0. A!j, none <J{ theoe £oldedw~! distdbutiona. showed any bias. For the interval 

0.85 ·~· coaO . < 0.90 ·the1·e was a small ind.ication o£ a 1> biaa. The interval .c. rn, 

0,90 ~ coaOc . ~ 0.95 showed. a de.Hnite, although not ve:ry large, r:J? bias. The 
• 1\1, ' 

correction ar,pcat'ti!d to be ahout 21 events £or the 96 events that had been observed. 

Two hundred and oh.ty one elastic r.venta with cosO . :!; 0.95 we1·e found in 
c:. rn. 

the film that was double -ecan~ed. :ri'or the sake of discussion we will refer to the 

two scanners aa A and B. Of th~ Z61 events; A found one event that B had minrJed, 

while D found lZ evcnta that A ha·1 rr.~laaed. The lattei· lZ events wert! etudied as a 

function o! coaO ' and folded ·1) As a result, for 0.05 ~;;cosO. . :'( 0.95 tho scanning 
· c. n1. · ·c. n1. 

hiaa cor rea ponded to a ''> biaa, while for cor;O. _ < 0.135 the acatminr; efficiency cUd 
c.m. 

not depend on folded '7>. Therefore, fot c'osO . < 0.85 the usual random scanning . c. m. . . 

efficiency and corr~ctio11 to the data. 'Wa~ calcula.tcd fot each colutnn in the histogram 

of cosO c. xn. • Only throe c;:olumns had efficiencies of leas than 1 00(;", and required 

corrections, and even these were small (see Ta.bl<l I). .For o.as ~cosO _ ~ 0.95 
· c. m. . . 

each of the two columno was coJ·rocteti fox: a folded-·'!) bias, These corrections. Which 

were. sbc. and Z 1 events .(see Fig. 7, a and b), :were actually made on the baoia ol the 

fold.ed-'t1 distributions b:roh:en down according to ecanner, as well ae fo:r the data 

collectively. 

It was essentially lmpoasible to get a reliable estimate of the error in the 

scanirlti~ efficiency, ~inca so few event a were double •scanned and since the clf'l ... 

c:iencle" fen· tho clastic evento ehowed a coaOc . . dependence, Theret<H'e the error · , n1. 

in each cor:rcction waa. eaUmated ao the Si:Jtiare root of the cori'ection and wa.IJ ar~.ded 
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elavtlc evcntcc: with c.~ or~ 0 r~ 0, ') 5, . c • .tTl, 

+ .t)if.ltd.i>utionll botb. in ':~ S.l'\d foldod 'fJ were n1.ade .or the outcoing tr for vadoua 

·I 
scut:tt-.~:dng O.l'\[•,ls:ciJ of the rr . All of thet:l(·! ·woxoe iootn>p~c. More ot.cniflcant ti.'GtF..' we:re 

the ~~· and folrled ... ~ diot:d butiona of th.(l 'fr I· for: n.ll (p ·I 0) ev~:~nt:o in which the proton 

t1tciflt>ed in tht' hyciJ:o:~~;,n and ha(l a. 1·ange o£ leso than Z cr.u, There were only ub.:: 

such eventn, and they were ~anclm·nl}' d.if.lt:ribl.tted botL1 in T' and in folded '~, Thuo, · 

no LiE~$00 were fonnu l>"y looldn.r: at tLe 4l S (p .: 0) evt.:~n1:r~ ao fl whole. I.''ur:thm·mm·t:,, 

no t·iatJ of any kind waa found by tJtudy"l.nr;; the eventl1 that W(~re double -tH~anncd, 

There Core, we calc: ulah~t.l ::;canning e ffidl.lmciet~ a.o !Htm:\ne rant.lot~'lnen (.1, . nnd cor rect~d 

the total number o£ l!VentrJ for th<! jmqm~e ,..,f e(·:Hmatin,~ branching l:atioo, Thl.a 

correction was 14 cviCnta, tnakinc the total nun-,.bet· of (p + 0) evento 432:i: 25, The 

ert·or, estimated in a ma11nel· sbnilar t.:-> that used for the claotic eventfl, is (.tJ.li1) l/
2 

(14)1/Z. 

It is thought that ·a.foldt!id- ~ bian WU\13 ciecm for the elaliltic events but not f.:>r the 

(P ·I· 0) events becau:H:l elastic sc;:,tttel'ing includes a. diflrnction peak which contai.::-1s a 

sizeable fraction of events that a:.-e hard to ·!H.le 1 while fii~gle-pion production ha3 no 

euch peak. 

3. (n ·H) .F~ventA 

Tho two chatged outgoing particles were positive pions which did not stop in 

the chamber. Therefore, all of the (n t· ·t-) events ha.d outgoing tracks·that were long 

enough to be readily visible on the scanning table. and they did not have to bE\ coplann.r, 

as in the case of eln.Atic: event a. Thus, the factoro that frequently contribute to an 

a:.r,irnuthal vias were not present. · F'ut·thc~r.rnore, no bias of any kind waa f01.l~d l;y 

studying the events that were double .scanned. Therdo:re, we calculatod t:~canning 



<:Jffh~.{cnc\e:f3 t~~fllFuing rnwlo.tntwo~J, whlch·~_~ave a. correction of!our cwcnts t.o the 

tota.l l'lU?ll k-:r 1,f (n + ·:) evr~nts. Thim giv~ef:l a corrected total of 79·H 1 (n + I·) events.· 

The er:rol· !1.1 ( 75) l/~ + (4)l/Z. 

E. Noi·rnalh.ation 

The total path length of the incident pions in this t~::r.perirnent wafJ JJ<)t r";."leasured. 

lnotead, C):.lsting total-c:r(>:!HJ -oection 1 ;leaouren·:tentr;~ wet·e uved to nor.m<lHZr;.! t}le data. 

+ Thr.!re are tw'' recent cqunter r.near,tueutcnts of the 1T·. - p total crosa IH·ction over 
1 ., 

the ~nergy n:q;.ion of thlG experiment. '~.. Th<'!ae two experimcnt11 ohow a t:WHlll 

r;yt~ton•.l.tic rhft:rz~l'P.nce in the total crOOl:l oection ao a functirln of energy. 

'fhc! pt·caent experimtmt has bc~;~n r.u.)rrnalizcd to the t'em.1lta of Briano.n et 1:\L,, 1 

rather than thooo of r:>cvliP et· a.l. 2 'l.'hlo choice \Val> rna.d.c prin:~al'ily Lecauoe it lead~ 

to n total cla:~tic crot1a eJection ·c:)at ir3 rnore c:onsir.;bnt with the result Q( t ~e llano .el aL ~ 3 

How~ver, this docf.oicm i~1 rJtill quite.:~ arbit1·a:r.y.. !.:'ittiug a omooth curve to the data. of 

r' . . t 1 1 . )rliJOO!\ f.'!, ~~ .• glV(H1 

·f 
atotal·(lT - p) - 16.1:':0,0 rnb 

at a l>eatn cneqw of 600 !'.~eV. 

IV. r J!:3U.LT::;. Ar-:D CCH .. lCLU3lON::J 

A. Ela£;tic Eventu 

After being corrected as explained in Section III D, the angular distri butioh 

was fitted to a polynomial in cosO · c, m. 

. . k. 
ak coe 0 c. 1·n. 

The ieaat•Bquarcs fitting wau don~ by an lBM 704 p1·ocrarn, F'ALSI, for nll values 

of :i1 in thu h1terval 1 ·~ n ,:; ~ 0. 1 '~ . The e:>rp~rim.enta.l polnts are listed in Ta.hle I. 'fhc 

t~:rroro ill the original data W<?re taken as the ~quare root of the numbe1• o{ .ev~nta, 
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exc"-~pt v .. +cn t~:(·r~~ '.<H•re fewer than 2~:i C.!Ventn. h.1 the latt.:n· C<'HHI on~ half of the 

dHft:.re.nce l,..·tvJ''CH the~ uppt!r and iovH!r iirnits uf tl1e 6S.3c;,;. confickncl?! interval W'l.A 

uoed, a~; •Jl't~'1T1hwd froyn the F''•)ieaon distrlbution. 15 Fol· nurnbe:ra ll.lv,,v~ 7.S thin J .. !l 

very ncaxly '·.J-r:f. As explai.nad in ~::ection lli.LI, when a. correction wa.'oJ a~\r1~rl ton 

column, itn cr l'•.lr and t:he l~rro.r in the origina.l data were a.dded linearly. 
·j 

The v..""' of the fit divided by the nnmber of degrees of frceu.orn i.G plotterl. a() a 

fliHCtlon of n, the order of t}JC polyno.mi.n.l, hi Fig. a. F'r·om thiri Hgut!~ it t.l'l CICfm 

that the angulat· dif:ltri butinn ls properly fitted by a fourth-order polynowb t. Th(l 

ant:ulat· distribution is aho\vn in .i:-'tg. 9. 

IntC3r,:ra~h1r.; the lit•ea. \.mdcr the fitted curve in ~~'in• 9 givcr:t 1:3101.- i4 ~:la.Btl.(! 

events. The error is thai due to fitting; it b smaii.cl' than (l3iO)l/Z becam~e vie ha.vc 

asuurned that a f:.>ui'th•order polynomi.al in cosO . fit:G the shape of the di.ot:dhution. c. lll., 

U£;lng thiu ti~tmber of ela11tice along with the corrected numbP-r of (p + 0) anJ ( n ·I +) 

events given in .'5cction Ill D, we nor rn01ize d the data to 'iota.l = 16. 1 ± 0. 8 m b. This 

Bave O'elaoHc: = 1 L6± 0.6 tnb. Tabie U r,ivet::J the coefficients of the fitted polynomial 

in cosO • The uncertainties given in this table includ.e bdth the fittin11 et·ro~ and c. m. 

the error due to normalization. The two relative cn·ora were combined in quadrature 

accordi'ng to the h'u:!thoci of propagathm of erroro. 

In Table II the large at coeffident~ are a 
1 

and a 2, which is to be expected 

since the enerny ~t this e'r.perim~nt is stiil in the region of the (3/2, 3/2} r~sona:nce. 

Sim:e c:os 4
0 is tecfuited to fit the data, angular-.momtintui:n stater:> up to at lt~ast c, rn. . . 

D wave must be pretJcnt, However, the coeffident of cos 
41

0 is negative. I! the partial-

wave expansion is termi.nated_ at the D state and Coulomb scattering iG !leglt>Ctt!'d, 
16 

the coefficient of cos
4ec. m, cart be rieeative only if both nl/l and 05/l are ~ll"escnt 

(see Appendi:c), Therefore; at least J ::.: 5/l contdbutea to the :mr,ular dlntdhution. 

J_;'1·oni th~ curve fitted to the angular distribution of the ela!'ltic ev·ent8 ( F'ig. 9 ), 

the difforen.Hai croos section in the brward direction ia 
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<.lu(O deg)/ (1!'1 . ::: 3,43:1:0,35 mb/sr, 
. C,ll1., 

whe1·e the er:r·or includes both the un.certainty due to fitting and that due to normal• 

ization. Crcmid R ~valuation .of the real part of the forward-scattering amplitude 
. . 

!r'om dispe:raiou relations 
17 

together with the .. optical theorem gives 

du (Odeg)/dn = Z.,9l::t·:0,4Ztnb/sr~ 
c. n1, 

The main contribution cornea from the real p~rt of the forward-scattering amplitude. 

The et'l·or in the t•eal part wao ta.ken to be 10%. The uispersion-relatio'n result appe~rs to 

he conoist«mt with the experimental n~sult. 

F'rotn tho numbers of E.!Vents aln~ady presented and the total croall section 

interpolated from the Brisson data, the branching ratios and cross sections wer.e cal· 

culated as shown in Table III. The estimated errot·a are one standard deviation, The 

errors in the cross secti'om includt~ the error due to normali~ation. 

C.· lnc~lastic Events 

From this vxperiment we find 

(p + 0)/rt '+ +) = 5,5:1:0,8 •. 

Of the three isoba1· modela thio result agree a beet with the value 4, 9 predicted by 

Olsaort and Yodh (hereafter call OY}, 7 but ia aloo C1:>naietent with 6. 5 predicted by 

!':~ternh~imer and Lhidenbaum (t>L). 6 Acc<ll'ding to Fig. Zi of reference 7, however, 
I 

experirnental <:\;lta at slightly.highcr energies favor the OY mo~e.l. Be;rgia et al. 

· (nU~::) 5 P.redict ( p ·I 0)/(rt + +)::: 1.8 at the energy of the present eJtperin"'.ent, 
7 

which 

. does not agree \vith our· i·eslilt. 

l. .(P. + 0) :Qvef!.to 

'the w + and 1T·f inor.nentum t>pectra are shown in Flg. i Oa and b respectively. 

These hbtogra.iria arc co:nip.::ired to phase apace, the SL r~loc;kll (curves ate !rom 

reference 5), and the dY ~1.odt!l. 1 The n:Cs 1nodd is rtot E;hown br:cause it predicts a 
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largt.~ dip in l:··')t.h pir)ll t;pect:ra., which (lcfiuitcly (.~ho.g:t·ees with the experLmental data, 
I} 

The OY mo(:'ol tltr-1 tlw!~e apecb:a heot .. Thrnir 'IT., ap(:~ctrum fit~ the data very well; 
. . + 

however, tlu~i.l· 'IT spt~ctrum ia clio placed olightly to the. dght with rei'Opect to the 

hlstograrn, 

The C:(11:i· i 'IT.,) cliot:t:·lh\ltlon io shown in 1!'1~·. lla, In this h.latog1·am there is a 

def.inite, although not large, peak ceniermd at ll 0 }.1.eV. DaU.h ploto (not shown) of 
J 

the 418 (p + 0) events t.Jhow th~ very b1·oad rnrudma of the pion-nuch•on isobar, but 

they do not indicate a 1r-tr tcsonance, The1·efore, it io very ·unHkely that the Z 10-MeV 

~ak. ha .Fig. Ita (man iii == 4136 MeV) 1e· a 'IT-'11 resonance. The peak io apparently a 

I + " l"cault of the (3 l, 3/2) pion-nucleon iaobri1.1·, The 0(1r • ;r···) 1.lietr.ibution !ita thP. OY . 
model very well !1·om 0 to 200 ·MeV: hov.r~wer, the. pc~'ak predicted by t.heir model h 

displaced about 50 MeV with rcsp<~ct to the p0-ak hi the h:lstog1·am. I'Teither phase 

space nor the SL mocld fit the e:s.::pcrin.u~utal data., 

The angular distri buHon fo1· ~ach of the outgoing particles is shown in Fig. 1 z. 
+ . . . + 

The angular distribution of the 1r ao compared to the ot:hlll' two eusgcsts that the 'IT · 
.:\~ 

tendtJ to follow the direction of the proto.tl .more frequ~mt:ly than. the 'IT" does. This is · 1 ,..:~ 
+ . . . 

what one would expect f1·om a.n isobar r.nodcl, vince. the tt forma the isobar tn:ore 

frequently than the n "·do~ a. · 

The eli otri bution of the opening anr.:le .bctweon the ~w6 pions ia shown in Fig, 13a. 

It is vory shnU~ t: to ph;Ue a pact' •. 

z. (n + .. ~) !<::vt::nt~ 

The momentum spectra of the two outgoing pions are shown added togeth1:1r L1 
"' 

Fig. 14. 
'· + 1- . . . . . . . 

In this distribution and in the 0('rr • 'IT ) didtribution there is no appa.tcnt dH• 

terence between the SL J"nodel and OY model. IS There are iiot enough events to tell 

whether the data favor the il!obar models or phase space. 

The O('IT+, w·i·) distribution is shown in l~ig. llb. Again; there are. too few evm1ts. 

to give the shape of the apectrum; furthcr.ri1ore, phase space and the isob.'lr rnodoh 

make very sirn.ilar predictions for the shap_a of thia spectrum. 
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Thcoe nro ve·t'y r:dmila:.t· to the;' cr.n·reBpond.ing dieltributiona £01: the (p 4· 0) eventn. 

As· far as wo lm~w the prenent eKperiment agrecE~ with the prev\o:J.Gly publiohed 

d;o\ta, 
13

•
19

•
20 

The coe££\cients for the ar1gular distribution (Table II) agree very well 

with thoee of 1Telland et al. 
13 

The (p + 0) crosa £H~ction agrP.cs well wlth the d.'l.ta. of 

Detoeuf r.t a\, 19 This depends directly on the total Cl'OBB section ttO(:d to norrnali:r.e 

the data.; however, even if the present experiment had boen nonnalbcd to Dev-lin' rJ 

~ 1 
l'etHtlto .. 1·uther tl1a11 tlw13e of D:d~:H:H'm f.:t al., th<~ (p + 0) cross Dect:ion fl·ow the pre~;ent 

expe1·irnr::mtt would otill have been consiotent with the data of Detoeu! et al. 19 

A bubblo-charnber e:Jtpedment very sirnilar to the prenent one has been done by 

.Larloutau,J et al. ;
20 

however, they· had far fewer events, Their rest1lta appear to 

agree well with the present e;.:periment, The only discrepancy is that they require 

only a third-order polynomial hi cosO _ to fit their ela.atic angular distribution, 
. c. 1n.. . 

wherea::J the present experiment require~. a f<.ltu-th-order; however, thia ia apparently 

the reault o£ their comparatively limited s.tatistics (339 da:Jtlc event a) rather than a 

disagreement as to the shape of the u~stribution. 

V. SUMlviARY 

+· The T1 - p total croea aection at 600 MeV ifJ 71.9·:!:0,Stf,, elaatic and the remainder 

is ahnoot entirely oinglc -pion production. To fit the elautic angular distribution, partial 

wavE!s at leaot up to D
5
jz arc ~equired. 

Tho l'atio (p + 0)/ (n + + ), the pion momentum spectra for the (p + 0) eventc., and 

the C:(1T ~, Tl'·)) diatribution all appear to be quite well c~cplaincd by the OY Jnodet.· The 
. + ., . 

pooreat agre!:~ment is near the high end o£ the C'(1T , ,.. ) diotribution; wwerthelesG the 

Olsaon and Yodh model definitely fito the C(,.+, ·rr 1
) distribution r~lUCh bcttl!:l:c.than docs 

t':ither phase apace or the Sternheirnor and Lindenbaum nwdcl. There a.l'e not enough 

events in the (n + +) dlatributionn to ch-:ncribe th:~ r•hape of then~ spcctri\. •.d th f:lufficicnt 
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accuracy, hut the obt:~erved distributions do not .contradict either the OY model or 

the SL model, or for that .matter, phase apace, 

Thtu:l, our single•pion•production, events are sufficiently well described by 

the OY rnod~l to conclude that thelr pl'incipal mode o! production is through th~ 

formation of the ·N;, 3 resonance. Since .the OY model is a refinement of tho SL model 

to which very logical conditions have been added, one would txpect the OY mlldel to 

Cit the ·data better, which it does. Although the B:BS model io the fran'leworl< upon 

which the OY modt'l was buUt, the actual .BBS spectra do not fit the data. 

It wouht be very interestins~ to see how wei! the OY rnodel describes the 

angular distributions, Adding a second $ta.te to the production otthe isobar might 

improve the fit o! the tt+ rnomentun1 apectrutn (1~g. lOa) and· espt-cially the peak of the 
+ . 

0(1Y , w") dhtdbudon. However, this could make the ca1cu1a.tions pt·ohibitive. 
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A PJ?KNDIX 

fipln-.fllp ali11~litutle ll(O) a.nd a npln-flip amplitude g(/1), ~thf! partlal•wave expnnrJi.ona 

3 are: 

and 

£(0) = 1/k L [(.e + t)A-~ + Ji.Aj} P.e('::osfJ) 

e==o 

iii:! 

1{.(1;)) .:i l/it L (A-~ "" A j) I·'} (ctui(l)i 

{d 

1;he t.~ ate the cornplc:a: ~lhase shHtu. The t.liCfe·.rential ctoss section is given by 

d u ,:: . ,. c· ,z ., ,. d lz ,-
J:;~ ~ 

when the spin-l/l particles at"e 1.lJ'l}'oladzed. 

-· 1 • "j ' h ; 1 1' • .. 16 " 1 I • h '~ . l i Cou oiiib cf.tt!H::ta ave 1een iicfi ectctt · A so, thrtce t ·e rt ... p system a n 

a pure •r = 3/ z stnte. the iSotopic -uphi label haa been suppressed, 

·rerminatlng the aeries at .?. = 2 ?-lid thtH'i s\thatituthl.g into the equation for thE> 

. . . . . . . . . -- - - 4-
tliflereiitial cross ooction giveo ~ot t.he co~fficicnt of cos 0 

This expreaaton can be negative o·n1y H both A~ and Ai are nonzero and the phase 

difterenee between theni h greater than n/l. Therefore; states up to at least the 

· :tl5/ z state must coi'itrt hute to the elastic anguiar tHatr.i huH on, 
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Tahlc 1. Experinumtal data !or the elastic angular d.istri hut ion. 
11,1,tiU.'1iQ!C..~.l.~;:.<):=:::m.,":'!C':!'.::..~=·d'r!C::I:r:'::~===pa;~·c:: .• •~ ! ,. .., ==" .a::m::r::::..~=..:c:t..:=::u~~:..~:::::t.::z -::au::::::=~a::o.rze::!SI 

Intt~rva.l Number of Correction l!'lnal nun1ber Uncertainty 
h1 cosO .events ohuerved of events (events) . c. l;\1, --...-..-..--

-1.0 to -0.9 s 5 z. 77 
-0.9 to Q0.8 8 8 3.35 
·0,8 to -0.7 11 11 3,84 

-o. 7 to .. o.6 - 9 9 3. sz 
-0.6 to -0.5 9 9 3,5Z 

-0.5to -0.4 0 0 0. 9Z 

-0,4 to --o. 3 4 4 Z.!S3 
-0,3 to -0.2 8 8 3.35 

.. o.z to -0.1 10 '10 3.68 

.. o. 1 to· 0 14 14 4,Z6 

0 to o. 1 Z7 Z7 S.l.O 

0.1 to o.z 41 41 6.40 

o~z to 0,3 61. 6Z 7,87 

0.3 to 0,4 66 66 8. lZ 
0,4 to 0.5 llS 3 131 13.04 

0,5 to 0.6 144 144 1Z.OO 

0.6 to 0.7 157 1 158 13.53 

o. 7 to 0.8 179 .8 187 16.Z1. 

0.8 to 0.9 ZOl 6 Z07 16.63 

0.9 to 0.95 96 Z.l 117XZ t4:38xz 



Table II. The <:ot!ffici<!nt~<~ oC t!~t! p·oiyrtomial ln cos 0 H.tted to the dant.k 
c. rn. 

angi.!.Ln diotrU~~J.tioii. 'l'ha etn:H:s Lndtido the uncort;ilnty rhi(! b.) 

n(ir r1 lal~:r..atldn, 

3 r· 
ll!' ill a2. a3 8.· 4 

(1'~ hI i.i ") .\ .~ ... I ... ·' (tnb/~r) (t-.:,b/ar) (ttlb/alt') (mb/sr) 
-~·-·---....--

__ ..,,..........,;_.........__..._._ __ .~ ...... ___ --· ___ ---....,. _ ., .... ........__ 

O,JO·H);O;' l. (·~··.!:- o. i4 2.53~1),25 (J, 06,r.·O. z;;:. -t.hr):~:O;)j 

I 
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Table Ill. 13:ranching ratios and cross sections. 

------- =-=-===== ----·--
Reaction 

. + + ,. +p-,. +p 

+ .. ., ,. +p+w 

+ + 
owr +n+w 

all others 

Nurnb,~r <>f events --
Observed After 

corrections 

1Z45 1310± 14 

418 43Z±Z5 

75 79±11 

6a 

·---. ...---
Branching 

x·atio 
!%~ 

71. 9±0.8 

. Z3. 7:!:1,4 

-4.3·.t:0.6 

.$ l 

aSix eventS out t)! 2494 had mo1·e than two outgoing charged prongs. 

Cross 
section 

imbL 
11.6±0,6 

3.8±0.3 

o. 7±0.1 

;S. o.z 

·-04--

__ ._"""""....,.,_, __ o:.....,.. __ • -=----.r.; .. ::;:m:--oc·--.:z::wa..-=m..,.,...,..,._=.,.,m""""'.""'·"»r:"l. _,.,._, .... ...,..........,""""".,.· -o:=--··~-=a======""""""',_,~~~-=~ 
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Fig. 1. ']'1. t ll '1 £ '1 ti + ·~ 'I .. AJ.e wo a.rnp ·hlU'!L'l tJ:t" t·w rt~ac on tr ~- p -•· 1r + P.+ tr 

Fig. l, + Tlu'! n beE!Im from thl!.1 ta:rg·et ( T) was 

fncul~~Hl by the quadn.1po.le c
1 

•.mtr.> alit s
1

• The mornen.tun:l wae o~l~~ct.•~HJ hy 

b«m.ding n1agn~.~t 111M 
1
, ~1nd thG~ aubu1c.HlU~!lt t.1.'LC\IH'I oeptu·ation by th•~ cron rJed 

t~lectric n.nd r,:.1agnotic fiG:"!ldri in stH~ctr<:mH~hn· ~3 P 
1

. Th~ IH~cr:md rJtnnt~ \'.'J'W 

E'i:Jt.Jen.ti.rllly l!\ rnirr.or lm;-tr;:e of tlH~ ftnc:t, 'th~':~ mt~~~·<rin,·.t 1:nmgnct ::;r,• wn~.1 

{nhoduced for additional ft·,D,:"ldorn in the hor.1zontal plane. Horb;;:mta.l ;:md 

indlc m.t.e 7 Z 5 ± l3 '!\.·: •: .,! i c. 

1:-ig, 4. The coordinate syot~m t.H:l~">d in iTO(i·-C.ll .. <::.x.n::r'i.'-:i.• .. AlH. Tht:'! ~-&'l.Xilll JWint&! 

· Fig. 5. Tiu~ cutoff' waa aG:~t a.t -x 2 ~ 30.0. 
. ., 

·.rhcJ•n are 12A::l eVil!lt1tP will.i ,•~,f.~ :·)0,1.. 

z 2. Fig. 6. Jfiott'bgrnr.~l o£ x fon· tbr:, b11.'l.a .. ~t..k ~w~··•utr:~. ·.r~~~:~ Cilltof.C wa" ta~t at'( ... 15.0. 

2. 
Thore arfl 493 «:wnntu with ·x ~ \ !1. 0. 

(a) 0,85 ~ conO , < 0,90 (107 t•:v~.,ntr~ ohs~:rvE.~d), (b) 0.9()~; conO ,;-0,95 
(!,11"1; . . c,rn. 

(96 events obru~rvud), and (c) cooO .:::; 0.95 (1179 d~V~".!I'lb)l •)biiJt:orved), Tb.e c. m. 

solid linea are the obtH.•rv<r~d ch\f:a. The daohed Hnoa ah1)W t.hr co:n·r.:-ctlc.HHl, 

Folded_ .. ') c. 0 d'-~1:~ li£:Hi in tlH! planll:~ pe:rpendic ub .. r to the filrn plant>. . 

. Fig. 8. Chi-square tlivtded by the number of di•t;teeo of fn!(~1.lo.m for th.c lca.ot-

aqua reo fit .of tl.H~ polynomial in co~J (:) to th.e l.'"]uatic angul?t.r di.atri bution, 
. c. Jtl, 

plotted a.s a function of. the order, n, of tho polynornial. 
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Fig. 9. The an3ular distribution of thE'! elastic events. ThE'! smooth curve h that 

of tlt~:l least-aqual·es fitted polynomial of fourth order. lt h fitted to the ~~(;lid 

line histogram which runs from -1. to 0, 95. (See Table I. ) 'fhe dotted-line 

hhtogt·e.m shows the data before correction. The resolution of cosO is c. m, 

leas than half of the cell width used. in the histogram, 

Fig, 10, + Momentum spectrwn of the (a) 'IT and (b) ,.o fo1· the 418 (p +. 0) events. 

7 
Solid lines are for the isob1u· model of Oleeon and Yoclh, the dot;.daeh linea 

a.rc for the Sternhehner and Lindenbaum model, 5• 6 and the dashed curves 

are phaso space. All curveo are norr:nalized to equal area. 

Fig. 11. Distribution of the C value between two outgoing pions for the (a) 418 

(p + 0) events and (b)75 (n+ +)events. Solid lh1es· are for the Olsson and 

Yodb model. 7 Dashed lineo are phase space. The dot-dashed line in (a) is 
5 6 , 

for the Sternheimer and Lindenb~um model. • In (b) the Sternheimer and 

Lindenbawn model and the Olsaon and Yodh model are congruent, All curves 

are normalized to the area of the co1·r.·esponding histogram, 

Fig. 1 Z. 

Fig, 13. 

t Distribution of the· cosine of the c, m. acattedng angle of the (a) ,. , (b) 

and (c)'proton for the 41.8 (p + 0) events. 

Distribution of tha opening angle between the two outgoing pions in the 

reaction's c, m. frame for the (a) 418 (p + 0) events and (b) 75 (n + +) events. 

Solid curves are phase space. 

Fig. 14. 
. . + . . 

Combined momentu.m spectra of the two ,. mesons for the 75 (n + +) 

events, Thus, there are 150 points in this histogram, The solid curve is 

for the Olsson an~ Yodb model7 and also the Sternheimer and Lindenbaum 

18 model. The dashed curve is phase space. All curves are normalize~ to 

equal area, 

Fig, 15. Histogram of the cosine of the c. m. scattering angle of the (a) two out-. 

going ,. + meaono and (b) outgoing neutron for the 75 (n + +) events, There 

are 150 _points in (a) and 75 pointo in (h), 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com• 
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or repr~sentation, expressed or 
implied, with respect to the accuracy; completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed 1n 
this report. 

As used in the above, "person acting on behalf of the 
Co~mission'' includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor p~epares., disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or hi~ employment with such contractor. 




