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1. Introduction 

Numerous theoretical calculations have attempted to obtain form 

1 d" factors of the elementary p a rticles from current algebra or 1vergence 

conditions 
2

• Many results a re in good agreement with experimental data 

at least for zero momentum transfer. 

Fubini, Furlan and Ros setti 
3 

pointed out that the commutator of a 

charge with the divergence of a vector current leads to an equation for 

mass differences. For rr+- rr o mass difference this equation contains 
a term, of order 

, which can be transformed in the well known 

form for electromagnetic mass difference 4 • The agreement with expe-

rimental mass difference is very good although only 
fT meson inter-

mediate states are taken into account. This result enables us to expect 

that the above mentioned commutator now considered for non vanishing 

momentum transfer may give information about electroma gnetic form factor 

of rr meson or about the domain where commutation relations can be 

s aturated by single particle states. 
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2. Derivation 

We start from the identity 

1 k + + + + lk T + + 
-ik Jdy e T T( 1· (y)a j (x))=[Q (k,x )a j (x)l+Jdy e T(o j (y)o J (lC) 

1L p. v v o v v p. p. v v 

( 1) 

obtained by partial integration and neglecting the surface term. The cur­

rent j + ( x) belong s to the vector representation of isospin group 
IL 

and 

+ k + lkx 3 Q ( • X 0 ) = f j O (X ) e d X (2} 

in the limit of vanishing k becomes g enerator of the isospin grGup. 

Taking the matrix ele~nt between two pion states of momenta p + 

and P we get from eq.( 1 ) in the limit of k• 0 

f(A
2

} + + (3) 
4 ( 2 rr } s ( m 2 

- m ~) ~ f dy < p + I T ( aIL j IJ. ( y ) a J..' j J..' ( 0) ) I p-> • 

+ )4p~p~ 

where m + ( m 0 ) represents the mass of rr + ( rr 0} meson, 6. = p + - p - is 

the momentum transfer and is the electric form factor of rr -meson • 

We restrict ourselves to the lowest power e2 and consider a 

parti.J.l conservation of vector current of the form 
5 

+ + 
a,.J,.(x) = ie J

11
(x) A,.(x), 

( 4) 

where AIL is the electroma gnetic r:;otential vector. 

These approximations give for the eq. ( 3) 

2 

4(2rr}
3

(m 2
- m2 ) 

+ 0 

f(A ) e2 lqy + + . + ( 5) 
e <piT(J(y)j(O))Ip->, 

~0- (2rr}
4 

i 
2 • 

q - If 
IL 1L 

where a g auge invariant expression must be u s ed for 

M,.va ifdye 1 qy<P+I T (t(y) j+(O)) I p- > • Dispersion 
,. IL v 

into account only ,. -meson intermedia te state s, gives 
6 

theory, taking 
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2( 2 rr )
3 

2 2 (2p+ + Q )p. (p+ '1- P-+q~ (2p--q~(P++p--q)v ( 6) 
~- -_-::.._-::_-::_-=.._ f ( q ) f( < q + i\ l )[ + - ___ ,___ -2 g I . 

2 2 2 2 ji.V 
(p +q) -m -ir (p -q) -m -ir 

3. Results . 

a) rr -meson intermediate states. 

In the approximation of 
rr -meson intermediate states we obtain 

from eqs. ( 5) and ( 6 ) an equation for the electromagnetic form factor 
f ( q 2 ) 

fdq 

2 2 
f(q }f((q+i\) ) 
_...;__~-- [ 4 -

2 • 
Q -I ( 

+ 2 2 .• 
(p +q) -m -ir 

( 7) 

In the limit of vanishing momentum tr:':.n sfer 

g ives the e lectroma.gn e tic selfener g y of the 
t\ this equation 

rr- tneson 4 

Since we do not know whether or not the eq. ( 7) is a good a ppro­

ximation for non vanishing momentum transfer, we test it by introducing 

in its right hand side a form factor which g ives a good result for the 

mass difference. Such a form factor is given by the 

approximation 

2 
M 

where M is the mass of the p - .lleson. 

Restricting the equa tion ( 7) to the firs t power· of 

p meson pole 

( 8) 

"2 we must 
compare, to see the consistency, the right hand s ide of eq. ( 7) with 

2 2 "

2 

( ) ( m 0 - m 0 ) (1 + --- ) of left h a nd s ide. By introduc ing the form factor 8 M2 
a nd integ r a ting we obta in for righ t ho nd s ide 



e2 M 2 
--- [ 2- - 1- log 1 -- 1 4(217)2 1'2 ll---;?"(1+21J.2)v'1-41J.2log +v'l-41'2-

21' 

2 1 1 __ 6._ ( __ 1_ + --+ __ log 11+ 

M2 2 12 1'2 12 I' • 
-
1-_2..!._1'_

2
+---=..,16;,:p.:::::•-=s=6£-p._

8 

1 1 + v' 1- 4/l 2 ( 9) og - )] = 

6.2 
= 0,061 m2 

( 1-0,45 ---z- ); 
M 

while the left hand side gives 

121l 2 v'l-41J.
2 

21' 

m 
fl = M 

2 t;,.2 
0,068 m (1 + -- ), 

M2 

( 10) 

'!'he agreement is good only for the part corresponding to the 

mass difference, a wrong s ign and magnitude being obtained for the term 

corresponding to the mean square radius. 

b) "' meson intermediate states. 

'!'he contribution of the "' meson to the electroma_G!,netic mass 

difference 17 + - 17 ° 7 
is know n to be small. This is the reason for 

which we neglect here the 17 -meson mass with respect to that of 

"' meson, Also we neglect p -"' mass difference, The matrix element 

involving "' meson is defined by 

<pl7jj+(O)jp"'> 
a 

g ( q 2) 

v'4p" p"' 
0 

fl "' 
faf3y8Pf3Py £8 

( 11) 

where £8 is the polarization of the "' meson and q - p" - p "' 

The form factor g is written in the pole approximation ( 8 ) 

M 
( 2 ) = 2.3 2 2 

g q M - q 
( 12) 

the factor 2.3 being determined by the width of the co -.17 ° y decay, 

Taking into account eqs. ( 11) and ( 12) the following term must be 

added to the expression ( 9) 

6 



The first term represents a small contribution to m2 - m 2 
+ n mass 

difference,. The second term has the same magnitude a nd s ign as that 

previously obtained ( 9 ) when 

de red. 
-meson intermediate state was consi-

4 . Conclusi o n 

In spite of the good agre ·~ment obtained for the electromagnetic 

mass differe nce a w-ong magnitude and s ig n i s obta ined f o r mean square 

r a dius o f " -mes on. It i s poss ible tha t contributions from higher sta.-

tes may give the correct v a lue bu t then it i s difficult to understand why 

mass difference i s very ~\ell approximated b y " -meson intermediate 

states whereas the corre s ponding formula for square radius in not appro­

ximated by the same intermedia te state s . 

Also it i s poss ible tha t tile commutator of a char g e with divergence 

o f its current i s n o t zero, s ome unkno\\n s ing ula r terms being necessary 

to add. 
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