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In thio letter v1c report the Cl"Ot:HJ sections, angular distributions, and 

two•body maaa spcct:ra for the reaction 

- .. + r. + p-" + '\T + n (1) 

nt b·aam encrgi0s of 360, 430, 460, •j80, 555. 605, 673, and 780 }/J.eV. At the' 

lowest beam ene~gies the r; + w- n:::1os opcctl'3. o.:re otl•ongly peaked nea:- the 

upper kinematic liznit. At h.i.chor beam energies tl"lo 3·3 ;r-N I.·esorumce 

* . 
'N (1238) is t;1.e domina.."lt feature of th.c reaction.; !·To clea1· evidence i:J found 

~ - . 
for w'n resonanceo over the range zno !'!:.cV ~ h1 ~:;6no MeV. 

'IT"'l'f 

The Law1·ence Radiation Laborato1y 72-i>::ch hydt'O!J8ll bubble charnbC:l' 

was used in conjunction ·with w- beam:l obtained thl"Ol.l[ih the channel dcoigncd 

I 
- . 1 

for 1· to 2-I3oV c K n~esons. The 40, 000 pict"ll=4·co analyzed yielded 300 to 

600 cvento of reaction ( l) at each o~ tb.c 8 mo~-conta. 

This ~fpC of event can be eauily identified on the ocam1ing table in. t\1.is 

·- energy region, because it is, cssentblly, the only one with two chal'gcd 

outgoing trncks in which tho po::Jitive track is a w +.. As the bc..-:Lm m.oznentu.m 

incrc..-:Lse::::, visu:ll separation becomes someYvr..at less cfticient,. This b dttc Co 

lightly ionizinr; fast protono from reactions 
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(2) 

and 

(3) 

and also _due to increasing contamination from 

(4) 

.events., 

To obtain a clean sample of cventa of re·action (1)~ the fUm was scanned 

twice, yielding an efficlency_ranging !rom 98% at 360 MeV to 9S o/o at 780 MeV: 

then each candidate was measured on the Franckenstein and processed on the 

track-reconstruction and fitting procram PACKAG:So. In about 15. o/o of the caeeo 

the program was unable to make a definite and unique fit to any one of the 

reactions (1)0 {Z)11 or (3)., Howevcr11 by loo!dng at these events on the scanning 

table& it was possible to reduce the number of ambieuities to 1 to 3 o/'-

To obtain cross aectiona for r.caction ( 1)0 a special scan and second 

scan were performed on part of the film.. This timc0 all interactions were 

recorded.. After correetionl3 for small .. angle elastic scattcrinlJ and for scanning 

efficiency0 the· to~ nun1ber of events found was normalized to counter measure • 

menta of the , & p total .. eros_~ cection., Z This method also allows us to determine 
. . -. 

the fraction of the total croso section that yields all neutral oeconc.laries., The 

results are summarized in Table Io 

The three ... body data ma7 be best analyzed by.using Dalitz plotsg because 
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this l::lct.."'lod docs not obscure the kine:-n~Uc reflection of l·caonan.ces in Jthcr 

pnii'it.t~n of fin:ll-state particles. Figure 1 showa the 360-MeV data; :l:'iz. 2 

~;ho\vn the con·espOl'ding plot for 480 MeV. To facilitate quantitative ob;:;erva-

tionn in Fir:;s. 3 and 4 we present projections o.Z the Dalitz plots at each of the 

Th•:!SC sho'\v the cff;..:ctive n"la::wes of the + 
tl' - fl' and + n- -11. 

Sj,.EJtcmo. The curves ccrrcoponcl to phaoc-space pz-cdiction (uniform 

po?'..ll<!.tiOl'l on the :Calitz plot). 

Ccnsidel' !!rat the datG. in terms of the cUpion pai:dng. The r .. n.ost ctd.ldn[j 

effect ht Fie. 3 is the very significant deviation f:;..•on1. phao<:'l space that appea:-.·o 

:.:;tronJ]ly at the low0zt beam. enc:rgy. The production process favors dipions of 

a n1aoo M r::: -100 1.-:!:cV. This bchn:vior has been. notccl p:;:cvloaoly in tl:d.s and 
. '/T1T . 

3 A 5 
ot.'fj.ex expc:rin1.ents. • -• A chr!ilar effect has been oboc:rvcd nea:;: thb bea.Y:n. 

- 00. . ,... . 6 -0 . 
'IT p---> ':T ;r n out not ln. .:nc rcact:;.c:J. rr p- 'IT 'li" p nor :1.n 

+?,. . t' 7 + + -( ' • 1 ' • l • t·' ,q T 0 ,. 1 L-Ue reac ton 'IT p- 'il' 'IT n; ti"us C2.CiS to tnc couc~.us:!.on ;;;"1.at c. ... 1e. .. = state ox tl1.c: 

supported by the observaticlr!. th.at th.c dip:i..m.'l CL'.2.c:mcl3, in which the effect io 

The oimpleot inte:::pl"etation of this ano1r~aly would be in tc:o.·mo cf a otron.:J d~.pior:i 

r .. ncnt, rathe:r than ren1ain at the sam.c dipion ma::w. con~:i.m .. 1.c!J to appeal" neal' the 

kinematic lirdt a!> it dirninioheH in Gtrength. 'v~·· c have no e::tplall.:.1.tion fol' flds 

In view of t.'le evidence fo::.· anct.".-.l.cr st:>.·ons I= 0 intc:.·action at a r~~D::: in 

the vicinity of the clipi<.m th:i.·er;;hold {200 l'.tleV). 10 a Ti-'ii crosu-section calcula-

tion for M < 3·10 !.J1cV waG rnade by u:Jing the one -pion-e:o:chanpc model and 
'i'I'W ~ 

utilizing the data in the pl1ysico! region up to a momentum tr:mzfel' 2 
p =6. 

Rczults h·om different beam cn,z:r£;iez ran[;cd ii"om 20 to 130 r.1b aild corrc::s~x.:vl::::d 
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to an ! = 0 scattcdng lcnath of 0. 6 to 1. 5 F.. ~::uch a lack of agreement in to b•a 

c::pcctcd on. tho b~ois cf cvid.cncc for rnorc co:rk1plc:~ phenomc:u such ao isob:l.r 

produCtion diocuoocd below. However, ou.r lo·.-vest beam energy- is olie:·l.tly 
..... . 

bdo\v N .... (l23G) thrcchcld. Here th.e ccattorir:.g length appc?.ro omilleot o,i.').d VJC 

find no evidence supporting a st~ong dipion interaction ne:lr M = 280 MeV. .. ww . 

Let us now tu.rn to the w-n pah·in~o. Effects of N*( 1238) al"e :n'lost 

clcZ'.rly seen from t.'!-),c projectiotla o! 1rig. 4. ·Prod·uction of the neeat:i.vely 

. * charged isobar can be observed at every beam energy above N tlll'cohold, 
. ' 

There is no evidence for 1;roduction o! the positive isobar; the enhanccxnonts at 
' 

1 . + ' . . & ' ... ~=- ::1 i 
Otr1cl· 1r n r.casses be1ng a ref!ect1on o...: N • Fm.· p:rodttCtion purely tb.rou..:::;h 

. . "'• ):e+ 
an initi~ I=l/2 state a ratio N ...... /N' = 9 is e::-:pccted, ~though a suitable 

adniliE;ture of 1=3/2 amplitude can lovver o:s.· incrco.se this ratio, depending en, 
... 

Since l\(' is brow.d, it io clif.Hcult to esthr..ate the fraction 

of pion production procccdin;z through boba:; for::::n.aCion. At son1.e energies it 

appears to be the dominant mcchaniorrl. 

An analysis of pion productiou purely tl>.rough ioobar formation has 
. 11 

recently been nmdc by Oleson and Yodh. .. This more cornplcte tl·eatm.ent of 
, deviations in 

t."1.e ioobar model appears to rcpl·ocl'::lcc/ 'IT-N :r.r:~usc spc:!ctra. It also ac·counts 

for dipion maDS distributions in r ... 1.oot chal'£:0 otatcs12 but fails to accouht for 

th + - ~ b ! • &l • • e w 1t spec ~~.ra o !llcrvcc:;. 1n w.'l1S e;,.:pe:r:.n'lcnt. 

By selecting thoao ovcnto for which thc:ll "il' • n effective mass i:3 

1233;:!: 50!•/!.:oV; we obtain a sample in which the effects o£ tl1.r~ isobar app;;;o.:r 
' ; 

r.nost ct:.·ongly. . - *- ~ Fo~ the co we ~sou:rn.e n two-body p1·oduction: "il' p- N · 'il''. A a 

C::l.l.""'l be ccen from Fig, 5, thooc 11isobara 11 prefer th.e back1.;~·al·d dil"cction b~)low 

500 1: ... -lcV, whcrC::l,G around 600 to 700.1.-leV the m:ljo:dty is produced in tho 

fol'VJ<l.l'd hcmiophore, Since this change occura in the encrr;y l·caio:l of the 

"'· second nucleon isobar, N".(l512), it may perhaps be due to nn interference 
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between the rapidly varying resonant amplitude and nonresonant states of 

oppoaite padty. 

'Ne wish to than.~ P1·o!casor Luis VT c Alva1·c:G for his encouragemcn~ " 

and advice. Theoretical consultations with Professo1· Oyo Ta!teda and 

Professor A. Charles Zemach have been most useful .. The enthusiastic help 
I 

of our data analyatil, especially Jerry He Fr~eJman, Joe F. Hanna, Co Tom O\vens 8 

and Jack Weinberg, 1e gratefully acknowledged., 
' 
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Table I. C . t' a ·ross· oec ·1ons. 

---- .. 

Tb UT c 
(aos<).n-.cd) 

(J 
+ - (J 

'ir -rr n n.c..::.tr2.Xs 
· ( ?,ic V) (mb) (mb) (r:lb) 

--
365 Z3. 0 1.93::!:0.16 15. 5::!: o. 5 

435 29. 0 3. "l :1:0.._3 12. 9:!: o. 5 

466 30. 0 4.0 ~ o. 3 12. C):.': o. 5 

480 30.5 s. 0 ::l:O. 3 11. 3± o.,s 

560 41.0 5.3 :i: o. 5 14. 4± o. 7 

610 46.0 6.1 ' d :J.: v. /~ 12.9±0.6 
.·1 

673 39.0 6.1 ::~ o. 6'""' 12. 3±0. 7 

a).. Erro!"s shown a~<"e statir::ticd. cniy. 

b). Bea1n energies a1·c 5 :r,,1c V above thoGe fm: tlle rest of the c~::pe:drnent 

beca:uoe of the choice of a ll""lOre .re:st::..·ictod bubble cha:rnbcr volum.e. 

c). See reference 2. 

"'1 ' .· .. . -. + 0 . . ' . ,. . 1 ' d)~ .&. 10 rcact"'lOil " 7p-" ·r-tr +n·l-o; · cccurs ",'Jltl't a1.1 acic.lhon~ ~ 0. 5 rnb a.t 

these cnc1·gies. whcl·can its contributiOl1.. bclci".v 560 lliieV is less tl1.3.n 
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Figure Legends 

Fiz. 1. D2.1itz plot for reo.ctlon {1) at 360-:M:cV boam energy •. The pos~.~ion 

&"ld width of N~ (1230) arc indicated in both charge states. 

Fiz. G. Dclitz plot !or reaction (1) at 480.-MeV bcan1. energy. The pooition 

o..-.d width of .* N (1238) are indicated in both charee states. 

-r/ tr- cffcctive-maoo distribution a.t each beam energy. The d2..shcd 

cu.:rves represent phase space. 

Fig. 4. + - . n n and Tr n effective -:r~"laos distribution at each bGam energy. 

The dached curves represent phase opacc. The a1·rows point to the position 

of the N* masc of 1238 MeV. 

Fig. 5. The ratio (F-B)/{F'+ B)for cvcnta wit-."1.1183 .:..<;; M _ ~ 1283. 
'iT n 

F stands £or the numbero of events for which the n-n oyGtmn is produced 

forward in the reaction center of r.aasa, B for thooe pl~oduced backward. 
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