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The possibility of determining the electromagnetic form factor of the 
process e+ + e-- 1r0 + y is discussed. 

1r0 meson in the 

ONE may hope that it will soon be possible to 
perform experiments using head-on electron and 
positron beams from the accelerator. In this con
nection it is interesting to note that the electro
magnetic form factor of the 1r0 meson can be 
measured with the help of the reaction 

( 1) 

Below we shall consider the dependence of this 
process on the form factor of the 1r0 meson. Rec
ognizing the fact that the effective Hamiltonian for 
the interaction of the pseudoscalar 1r0 meson with 
electromagnetic fields must be invariant under 
spatial translations and rotations, we write it in 
the form 

H1 == ~~~ d4x d4y d4zF ((x- z) 2 , (y- z)2, 

2 a A"' (Y) aAP (y) 
x (x- y) ) Ba:rpa -a·--a- <Do (z), 

·13 Ya 

where ci> 0 and Aa are the field of the pseudo
scalar 1r0 meson and the electromagnetic field, 
and Ea[3pa is the completely antisymmetric unit 
tensor of fourth rank. 

(2) 

Restricting ourselves to lowest order pertur
bation theory for the electromagnetic interaction 
between the electron and the positron, we can 
draw the Feynman graph for process (1) as shown 
in Fig. 1. The matrix element corresponding to 
this graph has the form 

t' Pp 

FIG. 1 

F( ki, Iq, ~) is the Fourier transform of the 
function F in (2) in momentum space and is, by 
definition, the electromagnetic form factor of the 
7T 0 meson. 

The total cross section for process (1) is 

(E) = .!!._ _!_ (1- Y)" (1 + 2y) pz (-£2 0 m• ) 
a 4~ 6 'I ' ' "' ' .. (1-4y). 

(4) 

where E is the total energy in the center of mass 
system, x = m~ 0 /E 2 , y =m~/E2 , and m7ro and me 
are the masses of the 1r0 meson and the electron. 
We see from (4) that the measurement of a( E) 
yields information on the electromagnetic form 
factor of the 1r0 meson. 

In order to estimate the magnitude of a( E), 
we replace F2 ( -E2, 0, m~o) in (4) by 
F2 ( 0, 0, m~o), which is connected with the life
time of the 1r0 meson, T, through the relation 

p2 (0, 0, m~,) = 8:rt I m;;r. 

Taking T = ( 2.3 ± 0.8) x Io-16 secPJ we find 
from (4) 

a (E) = f (£) a, 

the function f( E) is shown in Fig. 2. 
j(E) 

(5) 

e 1 -
= - (:!n)• V qoko ep.~pa(v (-pP) Yp.U (Pe) )ep 1,0 r-- -- --

~~-
/ 

X (pP + P,)~ ka (p, + Pp)-2 

X F ((Pe + Pp)2 , 0, m~,) b(pp + p.-q-k), 

where Pp· Pe· k and q are the four-momenta of 
the positron, electron, photon, and 7T 0 meson, ep 
is the polarization vector of the photon, 

(3) 

FIG. 2. Dependence of the 
function f(E) on the energy 
of the electron-positron pair. 
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It is also interesting to note that the above
mentioned experiment yields some information on 
the contribution of the intermediate 37T state to 
the form factor of the 1r0 meson. 

Using the standard technique of dispersion re
lations, we can easily show (see, for examplePJ) 
that 

= epvy"u ~ d4ze-i<k+K>zl2 < q J T (1~'(T) /p (- y )) I 0), 

where Ip ( z/2) is the current of strongly inter
acting particles. To simplify the formulas, we 
write further 

( 7) 

( 8) 

where 11 = - K2• Using (7), it is easily shown that 
F ( 11) is an analytic function in the 11 plane with a 
cut from 4m~o to oo. The dispersion relation for 
F ( 11) is then written in the form 

00 

F (v) = F (0) +_::;__ \ lmF (v') dv' (9) 
n J v'(v'-v) ' 

4m; 0 

where Im F ( v') is given by 

: e"""avr,.u · e Kok lm F(K2, 0, m2 ,) 2:rt nqo r~" r p ,~ a n 

= (2n) 4 vy"u ~ (q! /p (0) In) (n I/" (0) I 0) C\4 (K -Pn). 
n (10) 

where n = 27T, 37T, ... We shall restrict our dis
cussion to the two intermediate states n = 27T and 
37T. 

The contribution from the intermediate 27T 
state can be determined from the knowledge of: 1) 
the structure of the nucleon (the vertex function 
< 27T IIj.d 0) I 0 >) and 2) the photoproduction of 
the pion on a nucleon (the vertex function 
<q I Ip ( 0) I 27T >). It can then be expected that we 
obtain an estimate of the contribution of the inter
mediate 37T state by subtracting the contribution 
of the intermediate 27T state from F ( 11). Since 
the problems 1) and 2) have not yet been solved 
with sufficient accuracy, we are unable to make 
this estimate. We shall only discuss what conclu
sions can be drawn from a measurement of F ( 11) 
in this situation. 

It is seen at once from ( 9) that for small 
11 ( 11 « 4m~o) 

F (v) - F (0) + av, (11) 

where a is some contsant. For larger v ( 11 < 4m~o), 
when the contributions from the intermediate 27T 
and 37T states are both in resonance and have 
about the same resonance energy, we have 

F (v) - F (0) + bv/(vo - v), (12) 

where b is a constant and 11o is the square of the 
resonance energy of the intermediate 27T state. If 
the experiment indicates that the form factor of 
the 1r0 meson has the form ( 12), we conclude that 
either the intermediate 37T state gives a negligible 
contribution to the form factor or its contribution 
is appreciable but its resonance energy is about 
equal to the resonance energy of the 27T state. If, 
on the other hand, the experiment shows that F ( 11) 
has a form which is very different from (12), this 
will mean that the intermediate 37T state gives a 
large contribution and either has no resonance 
character or, if it does have one, then the reso
nance energy is far away from 110• 
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