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There is now considerable information avail-
able on various aspects of the elastic 77 interac-
tion such as angular distributions, cross sections
and S-wave contributions at low energies. Most
of this information comes from the application of
the one pion exchange model [1, 2] to the experi-
mental results on single and double pion produc-
tion in 7p collisions such as 7-p — 777% or
T"p — N§§+1r'7r’ [3-13]. When the formfactor and
off-shell correction functions of Ferrari and Sel-
leri are used [14], the one pion exchange model
yields consistent results on the 77 interaction
from different reactions and with different mo-~
menta of the incoming pion [6-11,13]. This gives
confidence in those data on 77 scattering which
have been obtained in this way.

In the study reported here we tried to com-
bine all experimental data on the elestic nr in-
teraction and to analyse them in terms of the 7
scattering phase shifts. The main results of the
analysis are: 1. A set of phase shifts is obtained
which in a consistent way fit the existing data on
77 scattering. 2. The width of the p meson
turned out to be 170 MeV, a value which has to
be compared with the commonly accepted one of
110 MeV. 3. The existenceof a7 =0, J=0 77
resonance is confirmed. A mass of 0.74 GeV and
a full width at half maximum of 90 MeV were
found for this resonance. A more detailed descrip-
tion of the analysis will appear elsewhere [15].
The values of the 7r phase shifts from threshold
up to a ¢c.m. energy of w = 1.3 GeV are summarized
in fig. 1.

With the help of the one pion exchange model,
using the corrections proposed by Ferrari and
Selleri, oy, the total cross sections for elastic
#-n0, 7*n~ and scattering have been deter-
mined from the reactions 77p — 7~ 7% (1.59 [6],
2.75 [7], 4.0 [10]), m"p— 7 *r~n (1.59 [6], 2.75
[7], 4.0 [9-11,16]), #tp — 7"7*n (4.0 [13]) and
7°p — N33 'n7n~ (4.0 7). The figures in brackets
give the laboratory momenta of the incident pion
at which the reactions have been studied.
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Fig. 1. 77 phase shifts 57:, as a function of the 77 c.m.

energyw,

* In vet . 807 7 was determined without the use of off-
shell corrections for the 77 vertex. The correspond-
ing influence on the values of g;—;- was estimated and
the corrected values were used in this analysis.
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Further information on 77 scattering comes
from the measurements of a) the 77 angular dis~
tribution W(cos 6), where 6 is the angle between
the incoming pion and the outgoing pion of the
same charge in the 77 rest system; b) the asym-
metry parameter R = (Forward - Backward)/(For-
ward + Backward). Apart from the above cited
experiments there are data available from the
reactions 7°p — 77 7% (3.0 [17], 3.3 [18]),

7 p — 7+r~n (3.0 [17], 3.3 [18], 6.0 L19]),
7*n — 7tr7p (6.0 [20]) and 7 p — N§3+1r'1r‘ (2.75
[8]).

According to Selleri [14] the 77 angular distri-
bution is altered if one of the pions is off the
mass shell and partial waves of different angular
momentum states contribute. Therefore the
77 angular distribution measured in reactions
such as 7N — 77N may differ from the angular
distribution for on-shell 77 scattering. The cor-
rections for R are typically of the order of 10-30%
for momentum transfers squared of -£= 10 p
(¢ pion mass). They have been taken into account
in this analysis.

The 77 phase shifts GTJ were determined by
first analysing 7t7* scattering which involves only
the T = 2 isospin amplitude. The n%7% cross sec-
tion and the angular distribution could be well de-
scribed assuming S and D waves only. The rela-
tive sign of 6 g and 6% turned out to be positive
and the negative value of Ry;-;0, the asymmetry
parameter for 7~ 7° scattering, determined the
negative sign of 6%.

Knowing the T = 2 phase shifts, the experimen-
tal results on 7”79 scattering were used to obtain
the T = 1 phase shifts. The phase shift §; is dom-
inated by the p meson. The fit of the p width to the
behaviour of R.- 0 and of oy~ 0 gave a full Widt%_l
at half maximum of 170 MeV. The phase shift 63
was found to be small.

The T = 0 phase shifts were then fitted using
the 7*r~ scattering data. At very low #7 masses
the T = 0, S-wave 77 interaction was measured
by studying the reaction p+d — 3He +27 [21]. At
large 77 masses (w > 1 GeV) there is a strong
D-wave contribution which mainly comes from
the f meson. We therefore calculated 5‘5 using
a resonant phase-shift formula [22]. Knowing

69 one can now try to determine 69 for w> 0.5GeV.
2 [

Whereas in this region 0;+;- is insensitive to the
value of Gg, R ;+;- depends critically on Gg. Fit-
ting 83 to R, +,- we found that the large asymmetry
R tpm N 0.4 - 0.6), observed from 0.6 GeV up to
O.g GeV, can only be explained by assuming the
existence of a resonance in the 7 = 0, J = 0 state
with a mass of about that of the p meson. Best
agreement was found with a mass of 0.74 GeV and
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Fig. 2. Energy dependence of the asymmetry param-

eter R. The data were taken from the compilation given

in ref. 7 and from ref. 20, The curves shown were cal-

culated from the GTJ for on-shell 77 scattering (solid

line) and for the scattering of a real pion on a pion with

a mass squared of -15 ;12 (dashed line). a) 7~ 7° system,
b) 777" system,

a width of 90 MeV. This result has been suggested
by several authors and has been found in similar
investigations [23, 24].

Fig. 1 gives the behaviour of the phase shifts.
In figs. 2a,b, R;-;0 and R+, -, calculated ifrom
the phase shifts are compared with the measure-
ments. The values of R were calculated a) for
on-shell 77 scattering, b) for momentum trans-
fers squared to the 77 system -¢ = 15 u? [25].
In figs. 3a-c, a comparison is made between the
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Fig. 3. Elastic 77 scattering cross section as a func-
tion of the7m c.m, energy w. a) 7~ 7° scattering. The
data come from 7 p — 7 7% (1,59, 2.75 [7]). b) 7tn "
scattering. The data come from 77p — 717 ™n (e 1.59
and 2,75 [7], 0 4.0 [161}. ¢) T *#7+ scattering. The data
come from 7'p — 7' 7'n (V4.0 [18]) and from

7p — N33t 1= (V4.0 1),

measured and the calculated 77 cross sections.
The figures show that the experimental results
are well described by the fitted values of the phase
shifts.

T See footnote on page 328.
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