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It has been shown by Frazer and Fulco that a P-wave pion-pion resonance 

can a,ccount for the isotopic vector component o£ the nucleon electromagnetic 
1 . 

structure. The purpose of this note is to show that the contribution of this 

resonance to photoproduction is capable of producing a large effect in the 

- + w - to - "' ratio at threshold. 

It is as.sumed that the Chew, Goldberger, Low, and Nambu invariant 

1. 2 A:tO B*° C:t:O ±O . £ h M d 1 . 3 
amp 1tudes. , • • and D • satls y t e an e stam representat1on. 

The singularity produced by the 2tr state is a branch cut running from 4tJ. 
2 

to 

aoo in the complex plane for the momentum -transfer variable t = - (q .. k)
2 = 

(w~ - k)
2 

- (q- k)2
• 

4 
Since G parity allows only the scalar part of the photon 

interaction in·the proces~ 'Y + tr- 11' + 11' » the 21T singularities will be present 

only in the photoproduction amplitudes representing the scalar part of the photon. 

namely the (0) amplitudes. It should also be noted that the (0) amplitudes have 

only the I= l/2 pion-nucleon phases in the physical region for y + n -+ ri + 11' 

and 'Y + n- n + w. The strength of the singularities associated with these two 

channels is given by the imaginary part of the amplitudes. Therefore~ since the 

! = 1/2 phases are small in the low-energy region for photoproduction, it is a 

good approximation to neglect these singularities. 

The (0) amplitudes rna y now be written in the form 

A (O) (e, t) = Poles + 1 
'Yl' 

00 

f dt' 

4u.2 

1m
2 

A (O) (s, t') 

t' - t 

( 1) 
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where 1m
2 

denotes the absorptive part of A (O) for the channel '{ + w - n + n. 
The square of the total energy for this channel is t, and s is the square of the 

total energy for the photoproduction channel. Since the singularities are neglected 

for s > (M + iJ. ·) 2 , the physical region for photoproduction, a polynomial expansion ·J 

0 2 
may be used to continue Im 2 A (s, t') to s > (M + f.l-) • 

0 By means o£ the unitarity. condition, it is now possible to obtain Irr 2 A (s, t) 

expressed in terms of the helicity amplitudes for 1f + 11'- n + n, and 'II'+ y - 11' + Tl'. 

Since the process 11' + 'Y - 1r + 1r contains only odd angular momentum, only the 

J = 1 state is kept,· and J ~ 3 is neglected. The 11' + Tl' - n + n states that enter 

into these imaginary parts are the same as those in the nucleon electromagnetic 

structure problem. and we find 

ImA0 " . v = - t h (t) g 2 (t) • (Z.a) 

ImB·o v 
(t) ' = h (t) g2 (2.b) 

ImC
0 

::: 0 • (2 .c) 

and 

ImD
0 v = g(t) g 1 (t) (2.d) 

where · h (t) = 3 * m 
1 

(t) 

B..jl e F tr (t) 

v v 
m 1 (t) ia the J = 1 eigenamplitude for 11' + 'Y - Tl' + 11' and g 1 , g 2 are the 

imaginary parts of the nucleon form factors given by FF. 

pion form factor introduced by these authors. 

Here F (t) is the 
11' 

l \,) 
H. S. Wong hall! shown that m 1 (t) is well represented for t >4f.l by the form 

F ( l) 
'IT 

( 
1 +a) 
t +a F (t) 

11' 
(3) 
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where f, is the new (:oupling conata.nt re~uired to desc1·ibe 1T +'I - tr + n and 

a is a parameter that depends on the pion-pion P-wave amplitude. If the FF 

pion-pion resonance is used, we have a = 5. 7 and F tr(l) = 1.08. 

Because of the simple form of h(t), it is possible by making suitable 

subtractions in FF 's Eq. (1) tc write the dispersion-integral parts of A 
0 

• 

s 0 , c 0 , and n° dire!=tlY in term a of the nucleon isotopic vector form {actors. 

Since the form factors are approximately linear in the region - S < t <: 0, the 

(0) amplitudes may be expressed in terms of C ~ (0) and 
1 

1 
dG ~ (t) 

1 

dt t:;;O 

1 

6 
-2 1 
r = t' 

r 

where t' is approximately the position o! the pion-}_:.;ion resonance. (Frazer 
r 

and Fulco obtained t' =. 12. ) 
1 

r 

For the (0) amplitudes, we have 

Bo = 

e g 
r r 

2 

er gr 

2 ., 
(a-M ) (o-M~) 

A. 
I ( 

1.1. - !-'· 

( 
I ) [ + X.' - p 2 n 1 

• ) f.J.e - tJ.n 1 

I 
2 t 

r 

co 1 c + ''nr)[ 1 1 ] = - I gr :-· p 2. - 2 r s-M s-M 

t-a j1 

+-1 
t 

r 

(4a) 

(4b) 

(4c) · 
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1 
1 j 

I 

+ - A ~ 

- M2 c 
s- 2t r 

(
1-L t p + t-Ln ) [ 1 

r r Ml s-

(4d) 

2 
where s = - (p2 - k) and 

I 3 A l+a 
>.. = 

8{2 e F (1) 
11' 

Since the (0) amplitudes enter into dO ( 1/) and do (v '"') with opposite 

eigne, the ratio d a (v +) /d a (w -) at thre.shold will be quite sensitive to changes 

2 

(5) 

+ An upper limit on the magnitude of A can be obtained by considering 1r 

production separately. It is observed that a change in £2 
of ::t: 0.01 (which ill 

roughly the current uncertainty) can be compensated for in the threshold 1r + 
-

cross section by giving A a value of + 1. 75 e. The experimental errors in 

the present 11' + data, with £2 = 0.08 • would seem to allow -1.8 e < A < 1.8 e 

(see Fig. 1 ). When combined with the uncertainty in £
2 

, this would constrain 

lA I tobe lessthan2.5e. 

Wong 5 has estimated the size of 1~ from the ,..0 lifetime. His results 

are IAI::;: e. For IAI=e,formula(S)leadseitherto R=l.l6 or 

R = 1.44, depending on the sign of A.. 
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FOOTNOTES 

1. W. R. Frazer and J. R. Fulco, Phys. Rev. 117, 1609 ( 1960) (hereafter 

denoted FF). 

2. G. F. Chew, M. L. Goldberger, F.E. L:.•w, andY. Nambu, Phya. Rev. 

106, 134S (195 7) (hereafter denoted CGLN). 

3. S. Mandelstam~ Phys. Rev. 112, 1344 (1958); Phys. Rev • ..!.,!2. 1741 

(1959);andPhys. Rev.~· 1752 (1959). 

4. 

5. 

6. 

The notation of CGLN is used throughout. 

H. S. Wong, Bull. Am. Phys. Soc:, Ser II~.,!~ ~07 (1959) and private 

-e-og:n:r~'lAicatio~:~. ~~~~ \ 
A. B;>rbaro, E. L Goldwao~, a~. ~rison-Lee, Bull. Am. Phyo. 

Soc., Ser. 2, 4, 2.73 (1959); M. Beneventano, G. Bernardini, D. Carlson-Lee, 

G. Stoppini, and L . Tau, Nuovo cimento .!• 323 (1956). 
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Fig. 1. The matrix element squared for TT + photoproduction at 
8 = 90 deg. The solid line represents the prediction for 
A = 0; the dashed lines, for A = ± 1.8e. The experimental 
points are those of Barbaro et al. and Beneventano et al. 
(see reference 6). 
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