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Recent experiments on pion production have shown the presence of a strong
pion~-pion interaction in the isotopic-spin-one state. 1-3 These experiments have
establiched the existence of a resonance (the p meson) at a o wvalue of 750 MeV,
where « is the total energy of the two pidns in their barycentric frame, The
foll width at half maximum of the resonance is approximately 130 MeV, 2 In these

experiments, pions waere scattercd from proﬁang in a hydrogen bubble chamber, Of

the two groups of reactions

{2} wé-&p-‘ow&ﬂ- 'rro +p
and

{b) wfhi-p-@wds-%w*%rn.
{a) has received the most attention because & measurcment of the recoil proton
fixes mz and AZ {where A ic the four-momentum transfer from the initial- to
the final-state nucleon) for an event of the desired type. An exﬁrapolation procedﬁre
for analyzing these extperiments, suggested by Chew and Low, < involves the study
of those collicions in which AZ is small, It was postuléted that, for small AZ,
the one~pion exchange interaction would predominate. To date, several experi-

mezzteraB' 5 have reported come success in analysing the pion-pion interaction

by the exntrapolation method.
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In the experiment reported here, we study reactions (b) with an incident
pior momentum o£ 1.75 BeV/c. We find evidence of a pion-pion interaction in
the €'z:+‘!f') éystem {which containsg iso;cbpic-spin compoﬁema. 0,1, and 2j,
‘although the extrapolation methed of analysis appears to fail, The ('rr+1r+)
systcm (pure isotopic epin 2) shows no corﬁparable resonant state., There is
strong evidence for pmcessea: cther than the one-pion exchange even at relative-
ly low-momentum transfers.

Negative and positive pion beams were produced from a beryllium target
'plza.'ceci in an almost field-free region of the Bevatron primary beamf They were
formed into an external beam and focuced onto a 18-cm-thick liquid-hydrogen
target. Detection apparatus conscisted of plastic scintillation counters and
thelr associated equipment. The counters were arranged in two groups. The
main group consicted of 84 trapezoidal prisms arranged to fit on a section -
of .‘{chfe surface of a sphere of 160-cm radius with the hydrogen target at its -
center. Looking from the target at the counter array, one would see the
slements grouped in 2 aeriés of seven conceantric rings. Each ring subtended
a polar angular interval of 8 deg. The array extended from 4 to 60 deg. The
rings were divided into 12 elermnents, each with a 30-deg azimuthal angle, All
the counters were iﬁocm-ﬂﬁck in order to be effective in detecting ncutrons
by recoil protons and inelastic reactions on carbon. Each counter element
was coupled to a photomultiplier tube bv a hauové aluminum light guidé. The
second group of counters was 1.0 cm thick and was designed to detect pions
that emerged at scattering angles from 60 to 145 deg. Thie group of counters
was placed close to the hydrogen target. The angular resolution for these

counters was 20 deg in polar angle and 30 deg in azimuthal angle.
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Table I. Values of mcan energy and mean (p/p.)a

for seven time-of-flight intervals.

2 .
Mean (p/p)"
and rms width

Time bin Mean energy T

1

ZL
‘and rmS width

{MeV)
Ty 54214 5.2%1.3
72 3§$12 3.621.%
Ty o 2910 S 2.8%1.0
74 2328 12.240.8
Ts 187 S 7T
e S 13s8 o . 1.320.5

o oS - . - 1.020.5
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The spatial coordinates of the two pions aad the ncutron were determined
within the resclutions mentioned above., The time of {light of the neutrons

{rora the hydrogen target to the main counter array was measured by comparmg

=

£ arrival of the plons (B% 1) with the time of arrival of the neuﬁ:r@ns.
The eatire {ime-of-{light range was divided into seven mﬁervals (ts.m.e bma)
with mean cnergies and mms widths ze cited in Table I, Also listed are

\ 2
the corresponding valuee of the variable p~ which is related to the neutron

(3 » 6
laboratory kinetic energy 'l'ZT by the eguation

2
p =& M T, .
b Yt 2L
™y £es Z 3 2opd med 3 3 £, E3 !. . 3
The quantity p is a rvelativictic invariant for the sysiem aand is connected
2
to the four-momentum transfer sguared, A, by
M
2 B 2 .2
& m,--E--p - (M- M)°.
s n P

The subsequent analysis @§ our experimental data will be in terms of pz
rather than AZ . |

Data were handled and processed clectronically,. Whenever a pion was
scattered from the incident beam and z delayed pulse came within the neutron
time-of-flight interval, the output of each counter was recorded on magnetic
?.a;pe. 3.1?.@ tapes thus produced were analyzed by using an IBM 709 computer
with a p’regr&m that selected only those events having two fast (§ = 1)
charged particles and one slow pamicle. To diccriminate against background
from necutral pions, a 1 / 4-in. -thick sheet of lead was placed across the faces
of i‘w h counter arrays. There was a high probability { = 95%) that at least
one @f. the two gamma rays resulting from decay of a +° would be converted in
either the lead oy plastic scintiliator and thus be rejected by the above selection

T "‘63‘1@1'1‘;
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Fach two-pion, one-noutron cvent was thuse characterized by seven
quantities: the polar angles 6 and the aszimuthel angles ¢ for the three
- particlen, and the time of flight 7 ofthen _eutzmn. The beam bending magnets
determined the momentum of the incident pions. The efiiciency for debectmg
neutrens was meagured in o separatec experiment at the Lawrence Radiation
Laboratory's 184-inch cyclotron.,  Five measurements are required to de-
termine completely the kinematics. Sine:e'sevem measurements were made,

two consistency checks were available for a kincmeetic £t of the data to further

Mcésmre“ ents were made }ath wo target conditions--£flack full and flask
empty=-~and two delay conditions«--normal and cbnormel,. To achieve the abaormal
delay conditions, we added sufficient delay o the neutron channels go that
any slow particles deaectec} would have had to traverse the flight path with
B > 1 to be corrclated nnth the two charged pions. This coﬁzdition gave a
m;eé.sur ement of the purcly accidental noutron background, In terms of the
four pocoible target and delay canditiomwfull-nermal, empity-normal, full-
abnormal, and e'upay-abn@rmml—aﬂm net partial cross sections are given by

. 2
a“g ‘ﬁwyw domy

L) aphaeh | aphaed

z 2
o pa d0ga

- i " 3 . .

ap%d®  dlpZ)d(w?)

The neutron counting efficiency was taken into accoum: in the calculation of
dip )éﬂw. Jo
In Fig. i{a) we precent the results of cur calculation of da/d(w }» which

is cbtained from the measured d@@ble dipgributions (Eq. 1) by using

- )j
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¢ i Z : ' 2
dg &g 2
g F Y- N dip) A
d{w’} d{p jdlw”) o :
2
Ja ., 2
)
P mmé )
. E ’ , ’ N \
wh&re P Lz é5~ cerres*\a‘.ﬁs to th e mariraum neutron epe:ry dcaccte&
' 2 Zo . . » .
For z.;:zed @ ahe iower lzmzt p (w ) is determined from the kinematics of
the process. T:zw st b tion comfirms the pres of = reconance in the

S ' . " i o '
(=" w ) system at @ = 750 MeV, Ca: curvers chow a fell width at half maxdimum
of about 220 ?VE V; however, a correction for the finite resolutien of the apparatus

e s
th of the resonance. The (W @)

53.

leads to an estimate of 190 MeV for the wid
distribution is conciderably smaller in memaitude and relatively flat,
if we assumo that the contribution from the onc~pion exchange process

dominates in the repion of low-momentum transfers, we can obtain 0‘ from

"

-

o3

he equation given by Chew 'm.d Lo

2 6332/ z&z)

6% /atpl)ate’y) = @Z/w; (M, /24)
(o +17)

Y RAVING LS ()

o - ) 2 Z s »
by an integration over p . Figure l{b) pives the resulis of these integrations,

Qur attempts to obtain the plon-pion cross section by the extrapolation
method are shown in Fig, 2, The piot@ecn ex al&twa function, I‘(p ® ), ig

conswuc ed through the equation

N2E 2,2, 2.2
4 M yp P+ 1) 2
Fipl, o) = j.'g“"" W M;; = L 2
£ s QL ,.93&2 Jz/z dlw”)d(p”)
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2, o . . .
-0 {07}, B will be scen from Fig. 2 that no simple extrapolation {i.e., linear
or quadratic fits) can Erad to consicteat and veaconable plon-pion cross sections.,

neutron and one of the omai state plone in their own bufyccm%‘ic frame we

-~

‘or each event. Since we cannot distinguish the

gt

zleulat o and
caleul ed ain and aym

charze of the firal-state pionc, cach event was plotted twice to give the histogram

JN(QJT-T:A) ... of Fig. l{c). Thic dictribution shows a marked peaking in the

(RN

vicinity of the {3/223/2) and {1/2-5/2) pion-nucleon resonances and may indicate

that the difficulties encountered in the extrapolation method are due to pion-
nucleon inter @@-@nsv. |

Recently Yeng and Treimaa have pr roposed a method of testing the validity
of the onc-~pion e:mhzmsle model, the rest frame of the incident pion, the

~ distrib “"*‘1@.1 of the plane defined by the final-state plon momenta p“i and pﬁz
A b o

2y

mest be icciropic about @ = p_ ~ p_ if & siagle pion i exchanged. Our (v = )

2N

¢
ro

o

data {faée Fig. 3) chows a marked anicotropy for the highest momenta measured.
For i@wemm@memwm ﬁ:ra&zwfers, the diswibu'ti_@n appears ﬁ.é,t within the %tatistice.
For the (ur ) svmem, the anigotropy is less p‘mnouncedl and may not be
statistically sigmﬁcamo Lheeé anisotropics indicate that the high-momentum
measurements should not be ix ﬁ;érpm&e& as solely due ¢o one-pion exchange.

This expe v* iment confirme the position and approximate width of the
fessnanccs in the two-pion system corresponding to the p meson. However, we

2]

feel that the reoult of the Yang-T reirman test, the peaking of ‘\7(w ) arcund the

pion-nuclecon rescnances may contribut %;E*e ailure of the extrapclation method
and make it impoceiblé 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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FICURE LDGENDS

Wiz, 1. fa} Differential cross cection ’ac::/c:;@u /;.h ) 2c a function of win BeV.

b} ¢, ckilained by intocroratios of Za. (L) ever p in the physical region.
(c} The distribution Wlw_}as a maaﬁim& of the 03 wvalue in the plon-

nucioen oystem. The positione of the {3/2,3/2) ard (1/2, 8/2) pion-

pucleon regonances arc indicated by arrows.
Fim, 2. Exntraopolation plote of the funciion ¥ €.3 s ) where the lower curves
o o oo

i, 3. Relative frcqguency of eccurrence of the separation anvle & between

-
the novmals I and L, where k is the unit normal to the
fw'é_fz:l PN 1N ."71 ;
proten-nautron ecattering plone and - is the vnit normal to the plane
E2CN 4

of the two final-ctate plons, All quantities are defined in the rest frame

of the incident pion. (a2} The (-? L n) system, (b} the (n’ whx)
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