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Recent experim~nts on pion prodt.!ction have shown the presence of a strong 

' ~ . t ti . h i . . . l- 3 Th · h p1on-p.r.on ll.n·erac on m t e sotop1c-sp1n-one state. eae experunents ave 

established the existence of a Iresonance (the p meson) at a w value of 750 MeV, 

where w is the total energy or the tvvo zpions in their barycentric frame. The 

full vlidth at half ma.sdnum.'l of the ~esonance is approximately 130 MeV. 2 In these 

experiments~> pions were scattered from protons in a hydrogen bubble chamber. Of 

the two groupe of l'eactions 

I :!: . ::a:; 0 ,a) w + p-<> w + Tr + p 

and 

(b) 

(a) has l'eceived the most attention because a measurement of the recoil proton 

fixes CJ/· and A 2 (where A is the four-moment\U-n transfer from the initial- to 

the final ... etate nucleon) for an event of the desired type. An extrapolation procedure 

4 
for analyZ<ing these experiments, suggested by Chew and Low, involves the study 

2 . 2 
of those collisions in which A is amall. It was postulated that. for small A • 

the one-pion exchange interaction would predominate. To date., several experi

menters3• 5 have reported some success in analysing the pion-pion interaction 

by the extrapolation method. 
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In the experiment reported here. we study reactions {b) with an incident 

pion momentum of 1.75 BeV/c. We find evidence of a pion-pion interaction in 

~he (r.+'li'-) syotem {which contail"ls isotopic-spin components 0, 1. and 2), 

although the extl:'a.polation method of analysis appears to fail. The (w + 11 +) 

system (pure isotopic Elpin 2) shows no comparable resonant state. There is 

strong evidence fo:r processeo othe:;r than the one-pion exchange even at relative-

ly low-momenttml tranofe:ra. 

Negative and positive pion bea..-rns were produced from a beryllium target 

placed in an almost field-free l!."egion of the Bevatron primary beam. They were 

formed into an e:Kternal beam and focuoed onto a 10-cm-thick liquid-hydrogen 

target. Detection apparatus conei'sted of plastic scintillation counters and 

their associated equipmento The counters were arranged in two groups. The 

main group conmisted of 84 trapezoid<J.l prisms arranged to fit on a aection 

of the surface of a sphere of 160-cm ·l"adius with the hydrogen target at its· 

ccratel". Looking .from the target at the counter a1•ray, one would see the 

elemcmts grouped in a liHH.·ie s of seven COI.'lcentdc rings. Each ring subtended 

a polar angular inteTVal of 8 deg. The array extended fro:r.n 4 to 60 deg. The 

rings wc:sre divided into 12 elc:;menl:s, each "Vvith a 30-deg azimuthal angle. All. 

th.e counters were 15-cm-'Chl.ck in ordc:r:u.· to be effective in detecting neutrons 

by recoil protons and inelastic reactions on carbon.· Each counter element 

was coupled to a photomultiplier tube by a hollow aluminum light guide. The 

second groupo£ counters was i.O em thick and was designed to detect pions 

that ertlerged at scattering angleD from 60 to 145 deg. This group of counters 

was placed close to the hydrogen target. The angular resolution for these 

countere was 20 deg in polar angle and 30 deg in azimuthal angle. 
-. 



Table I. 

Time .b,in 

"'x 

"z 
7'3 

7'4 

75 

'7"6 

7'7 

-3-
z 

Values o£ mean energy a."ld mean (p/~) 

for seven tin'll.e-of-flight intervals. 

Mean energy T ZL 

and i:'mo v.rldtb 
, (},'leV) 

54:±!4 

38::::12 

29:!:10 

23±8 

1S:t::7 

13:±5 

10:!;5 
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I 
2 . 

Mean (p ~-t) · 
and rma vlidth 

5.2:!:1.3 

3.6:!::1.1. 

2.8::!:1.0 

2.2:A:0.8 

1. 7±0. 7 

1.3±0.5 

1.0~.5 
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The spatial coordinates of the t-.'•1oi pions and the neutron were determined 

within the resolutions m!i!ntioned abov~. The time o! flight of the neutrons 

irora the hydrogen target to the main counter array wae measured by comparing 

the th:nc ot a:rri~.n::.l o£ the pions (!.3 ·~ 1) with the time of ar::dval of the neutro:nG. 

with mean cnel~eieo and · rn1.e \vidtho as cited in Table I. Also lie ted are 

the co?respond.ing values oi ihe va"T;.·iab1.c p
2 

which. is related to the neutron 

6 
la1tNJ?atol·y. kb1etic energy T by the equation 2L 

2 
p is a l"elativiotic invariant for the cyz:r::em a.."'ld. is connected 

to the four-momentum tranJJfer squared, 6. 
2

, by 

2 2 
p - (M - M ) • n p 

2 The subsequent ana!yaie of our experimental data will be in term.s of p 

2 
rather tha:-1. A • 

Data wore handled and processed c;lectl"onically. \Vhenever a pion was 

scattered £rom the incident bea:.--n and a delayed pulse came within the neut::ron 

time-of-flight interval, Che output of each cou.nte1• was recorded on magnetic 

?:ape. The tapco thus produced were analyzed by using a.."l. lBiv.i 709 comp-111ter 
J . 

with a p~o~p.4an'l that selected on.ly those events having two fast (!3 ~ 1) 

charged particles and one slow particle. To discriminate a.gainat background 

from neutral pio:na. a 1/£!-in. -thick sheet of lead wao placed acrose the faces 

of both counter a!>"rays. There was a high pl~obability ( re 95%) that at least 

one of the two gamma rays resulting from decay of a '~<O v:ould be convc1•ted in 

dther the !ea.d or plasdc scintillator and ~huo be rejected by the above selection 

cl'ite:rion. 
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Each two-pion. one-nou.tzon event was thus cha:ractel"izcd by seven 

quantitiCC:: the pola£' anglec () and. 'i.:he a::.dr.tlUih.al angleo $ fer the three 

pal·tides o and the time of ilighi 'r of the neutJ:on. Th0 beam bending magneto 

(. . z d(p )d(w ) 

2 
d UEN 

- ·.( 2) 1 z 
(!, p d'{.C:.) ) 

- 2 " • d(p )d(w ) 

2 
d qEA 

+ d(pz}d(wl) • 

The neutr:on counting efficiency was taken into account in the calculation o! 

d(p
2

)cR{w
2

). 

!n Fig. !{a) we p&-C:::Gent the results of our calculation o£ du /d(c.}), which 

io obtained fJron'l the mea.::n!Jrcd double dist:.:ibutiono (Eq. 1) by using 

/ 



-6- UCRL-10212 Rev. 

2 d{w ) 

&. 
the equation uiven by Chew a..'1.d Low:-

2 
p • 

~- + Tho (u' w ) 

Our atten1.pts to obtain the pion-pion cross section by the extrapolation 

. 2 2 
The plotted e:r,::trapolation function, F(p , w ), is 

t. 2 • 
d(w )d(p ) 

(1) 
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2 2 
F(p , w ) should become 

or quadratic fits) c~1 lead to co:-wictc:<:'lt 2.nci ree:.conablc pion-pion cross oectiono. 

Since we cannot diotinguioh th.e 

N(w;~} ·;,,.:: ex Fir:;. l(c). Thic d:l::::t::ibv..tion shows a ma!r'ked pen.king in the 

viduity of the (3/2-::.3/2.) and (l/2-S/2) pio:c.-u:uclem.'l zoesot'lancce: and may indicate 

iliD-t the difficulties encountexcd in the eJ:t:r:apolatiml n1.cthod are due to pion-

.Recently Yang a..~d Trciman have piopoccd a ra.cthod. of teoting the validity 

'"" of the one-pion e::a:change model.~ ll'l the reP.Jt fr<:une of the incident pion. the 

distribt:;tiou of the plane defit;t.ed by th.e una.!-6Jtate pion momenta p.,.., and p.,.. ; 
- "i -"·2 

muct be inotropic about q = n .. - P,.... H a oingle pion irs exchanged. Our ( ,.,. .. 1/) 
.....-A ;-..;,;~1. ~.R.-!J ' 

data {see Fig. 3) shows a. !ll2.1"ked anioctTopy for the higheet momenta measured. 

Fo:r lowcr-:rnon1.entu...-m tra.r.·uJferso the di:Dt:ribu.tion appears flat within the sta.tiatics. 

For the (1/ w+) system, the ar:::d.sotropy io less pronounced and may not be 

statistically significanto These aniso·~?opies indicate that the high-momentum 

'I'bJ.o C:i$:pedn1.ent con.!i:tms the position a:nd appro::;dmate "".ri.dth of the 

1:eoonance in. the two-piori system corresponding to the p r.ne.son. However. we 

feel the·~ t~:.e 1"CHn .. :lt o£ ~he Yang~Treirncm.. test. the peaking of N(w"iin) around the 

:t?ion-nudco:<:! zoesm'le.nces n'lay cont:d.bute to the .failure of the eztrapolation method 

and make it impoociblel to infer from our data any further details of the pion-pion 

interaction based on the one-pion exchange model of analysis. 
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M UZ!d M p a:re the proto:~.'l and neutron masses, 
;n 

q 1 ,. io the l.s.ho?atory mo:r:.<'lentt!m of the incident pion# and i· = 0.08 ia the 
-~ . 

pion-:nuclcoEl couplinG co:n.c'i:anto 

S. 3., B. 'l'~eei:raan. nnd C. N. Yang. Fnyo. Rev. LeitCl"S 8~ 140 (1962). 



.. -9- UCRL-10212 Rev. 

:l?i.;::. L (~) Diffcre::1t2.~l c:::osc occ~:io·::l c~(J /d.{ r.:l· / 1:.
2

) ao a function of win BeV. 

"' .iJ •. 

(b~ G 0\;. ... ...,.h..,cci b.,r k'·,..,r·~·-..-'·.;,.., • .., c/: -..~a 6l\ CVCO!'• l i t.h b. .... ~ "'1 7" a· • I . '?0?! t..,;~'-""'-·~ ;, ··-~ ........ ._;•• L.-~._ .... _ - _, .;• ~~I ~~ p n It .. e r Y'-'-C.::. .. e._,:tcn. 

of the i1"lcidcnt pion. 

'i.vhe:::e k 
-!?'"1. 

Q value it<?. the pion-

J_ -
The ('IT' 'ii Jii.) oyatem., ~b) the 
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