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It is shown that a study of the reactions y + p—p+7+t+ 7=, p+nm

0 0 0

+ 7 ,n + 7t + 1 near

threshold should allow the determination of the 7—7 zero energy scattering amplitudes if the
m— interaction has resonance character, and the determination of a certain combination of
these amplitudes if the interaction does not have resonance character.

A.T present there does hot exist any conclusive

evidence on the interaction between 7 mesons. It is -

therefore of importance to find any parameters
which are connected with this interaction. In the
present paper it is shown that an experimental in-
vestigation of the photoproduction of two mesons
near the threshold can yield information on the
zero energy m—n Scattering amplitude.

In the following we shall consider two cases:

1) The interaction between m mesons does not
have resonance character at small energies. In
this case the energy and angular distribution of
the reaction can be obtained by the method de-
veloped in references 1-3.

. However, the case of photoproduction of two
7 mesons differs considerably from the decay of
the T meson which was treated in references 1-3.
It allows generally an easier way to determine
the r—r scattering amplitudes.

2) The n—n scattering at small energies is of
resonance character. The characteristic energy
dependence associated with this case has been
already investigated for other reactions.! Since
at resonance the final state interaction of the
m mesons produces an effect of the order of magni-
tude unity this case would be particularly favorable
from the experimental point of view.

1. THE CASE OF A NONRESONATING INTER-
ACTION

In references 1-3 it has been shown that in re-
actions involving the creation of three particles a
final state interaction leads to considerable changes
in the angular and energy distributions. In particu-
lar, at energies close to threshold when terms up to
the first power in kr, have been retained (k —mo-
mentum corresponding in order of magnitude to the
energy excess above the threshold; ry—range of the
interaction) the matrix element of the S matrix has
the form

US> = (1 + ikyoa)s + ikisays + ikasss) {fo | S1i), (1)

where Kkyy, ki3, Ko3 and ayy, a3, as3 are the relative
momenta and the scattering amplitudes between two
particles respectively and the wave function of the
final state in the matrix element of the right hand
side f;, is to be taken at zero energy of the three
particles. The quantity <fy|S|i> nevertheless still
depends on the energy through the initial state wave-
function ] i>. However, close to threshold the ma-
trix element <f,|S|i> is an analytic function of
the energy E and thus difféers from the matrix ele-
ment at threshold <fy| S|iy> by a term of the
order ~ AE '~ k2 Therefore for an accuracy linear
in k one can set <fy| S|i> = <fy|S|ig>. The fact
that <fy| S|i> is analytical can be understood if one
recalls that the branch points in matrix elements of
the type <f| S|i> at the thresholds usually are due
to the final state. This can be demonstrated using a
method analogous to the method which was used by
Lehmann® to show the analyticity of the scattering
amplitude as a function of the momentum transfer.
It has been shown??® for the case of T-meson de-
cay that, owing to the reality of the matrix elements
of the type <fy|S|i>, the terms linear in k vanish
in the expressions for the probability of the process.
This circumstance not only considerably decreases
the magnitude of the effect but also leads to the
necessity of a much more detailed investigation of
the final three-particle state. For this situation in
the expressions for the probability there are two
types of terms which are quadratic in k. They are,
first, terms which determine the correlations be-
tween the outgoing particles, and which can be ex-
pressed in terms of the scattering amplitudes be-
tween pairs of particles, and second, terms which
cannot be evaluated but which do not influence the
angular distributions. Thus one cannot obtain the
energy distributions near the threshold. It is there-
fore of value only to study the angular correlations.
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It will be shown below that in the case of photo-
production of two 7 mesons the terms linear in k
are present in the expression for the probability of
the process when the reaction has a real inter-
mediate state which differs from the initial and the
final state (viz., in the present case, a nucleon plus
a 7 meson) and when the reaction can go via chan-
nels which differ in the charge of the created par-
ticles. The relations given below allow in principle
to determine a certain combination of the 7—r
scattering amplitudes without a detailed investiga-
tion of the angular correlations of the reaction.

There are three possible reactions of production
of two 7w mesons by vy quanta:

vFp—paT T, (2.1)
Y+p—p-=4a (2.2)
Y+ p—n-mt R0, (2.3)

We shall denote the respective matrix elements
at zero energy by

o= pexp(ig;), ho=p2Xp(ips),  As = pyexp (i¢s).

Utilizing the method which was applied in refer-
ence (2) to the decay of the T meson one can easily
obtain expressions for the squares of the matrix
elements of the reactions (2) with an accuracy of
terms linear in k:

Kp*="[S|pr>i* = ot [1 + p125iNQra+ 5 kuz (42— Qo)
- 013 8iN @rgr = V2 kg (by, — b-/,):i ,

1<prom0 | S| p) [F = g3 [1 + pur Sin Gar 5 hre (a2 — a)
+ pay SiN Gag+ = V2 (kag -+ Rag) (b, — bl/z)] ,

[<nntxo | S1pr) |* = ps [1 4 Po1 SIN @y - = V2 oy (b, — bvy)
~+ g2 510 @aa - %V§ kg (byy, — b‘/,)] ,

Oik = P& [Py  Pik = Pi— Pr- (3)

Here a; and a, are the r—r7 mesons scattering
amplitudes at zero energy for states with isotopic
spin 0 and 2 (since the 7 mesons close to threshold
are created in a relative S-state an isotopic spin 1
is impossible), while by/, and bg/, are m —m
meson scattering amplitudes at zero energy for
states with isotopic spin 1/2 and 3/2. Inky,, K3,
and kjs the indices 1 and 2 refer to mesons, the in-
dex 3 to the nucleon. Comparing with the case of
the T7-meson decay, one sees that the quantities
Ai> Ay, and A3 are not real and have relative phases
differing from zero. They can be expressed in
terms of measurable quantities. By studying all
three reactions (2) we can determine the charge
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exchange amplitudes (a; —ag) /3 and (v2/3)
X (bg/a —by/2). However, since the amplitudes by/p
and by J2 are well known it is possible to simplify
the analysis considerably by utilizing the isotopic
invariance. So one can determine (a, — ag) /3 by
studying only one reaction(e.g.y + p—p + wt+7-).
The electromagnetic interaction is the sum of an

isotopic scalar and a vector. Therefore the final state
isotopic spin can be 1/2 or 3/2 (but not 5/2). Each of
the final states (2) can be expanded as the sum of
two states. In one of them the isotopic spin of the
two m mesons Ty, = 0 and the total isotopic spin
T = 1/2; in the other Tyy =2, T = 3/2. We can easily
verify that the following relation between Ay, Ay and Ag
arises:

he=— M+ 1)/ V2, (4)

from which follows, for example

P12 8iN Qo = — VQ- P13 SiN Gyg. (5)

This relation allows us to determine a,—aj from
only the first reaction if the coefficients of ky, and
ko3 have been found experimentally.

2. THE CASE OF A RESONATING INTERACTION

The formulae given above concern the case where
the m—r interaction at small energies does not have
a resonance character, i.e., if the 7 —7 scattering
amplitude is of the order of the range of the forces
(Compton wavelength of the 7 meson): a = ry = 1/p.
We now assume the opposite case, i.e., we take a
> ry and, as before, kry « 1 while we assume
ka = 1. In this case the r-nucleon interaction evi-
dently does not play such an important role as the
7m—m interaction since the former as is well known
does not have a resonance character at zero energy.
Effects of this type have been already treated re-
peatedly.! We therefore give only the final results.
For the three processes (2) we have in this case
[instead of (3)]:

IKprtm | S [ypdI = pi (1 + kiaag) ' (1 + kiuad) ™!

X {[1 + 3 prosin @rokre (@2 — a(,)]2

+ ki, [—; (2a, + ag) — 5 P12 COS $12 (@ — Qo) }2} ,
[Kprom | S [xp) [P = 03 (1 + ki) TH (1 + Kaa3) ™

X {[1 + 2 pan SIN Py (@ — ao)]2

+ K, [% (@2 + 2a0) — 5 pay COS Pay (A2 — a(,)]z} ,

| <netnd [ S|py P = p5 (1 + kLaad) ™ (6)
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