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ABSTRACT 

The eigenvalues of ~31 the isotopic spin operator describing protons 

and neutrons, are usually taken as +1, -1 respectively. At first sight 

there appears to be some arbitrariness in the corresponding assignments for 

antiprotons and antineutrons, since either +1, -1 or ~1, +1 seem to 

belogical possibilities; however, it is ·shown that in order to construct a 

theory involving nucleons, mesons, and the electromagnetic field which is 

invariant under electric charge conjugation only the first possibiJ,.ity is 

allowed. 
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ON THE ISOTOPIC S.PIN OF ANTIPARTICLES 

Joseph·V. Lepore 

I. NUCLEONS IN AN ELECTROMAGNETIC FIELD 

The wave equation describing a nucleon in an electromagnetic 

1 

The charge operator Q is given by 

(1) 

(2) 

provided that e is the protonic charge and if one adopts the convention 

p ___,~ = 3 +1 J 
-1 

(3) 

From the wave function of a particle of charge e one can construct the 

wave function of its charge conjugate. With 1p = lfJ+ ~ one has 

' lf . = c 1f . (4) 

The equation for ~ is 

[ ~ (~ - ie Q' ~) + MJ 1f
1 

: 0 . (5) 

The matrix C satisfies 

(6) 
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In electron-positron theory C depends only ori the Dirac matrices; in a 

theory with isotopic spin, however, it may also be taken to depend on the 

isotopic spin matrices, since this would in no way violate Ea. (6)o Supnose 

it is taken as 

C = Go 'Z'l 

where 1'1 is the 1-component of the isotopic spin. One then finds 

Q I = 1"1 (1 + '1:"3) f:"1 : i(l - ~) 
2 

I 
The wave function lf thus describe particles with charges -e or 0 

according to the scheme 

p'__,.t; -

N' ~'t: -
3 

-1] 
+1 J ' 

whereas in the usual theory (C independent of isotopic spin) 

Q' = Q , 

so that 

Thus so far as only nucleon-electromagn~tic couplings are concerned the 

operation of charge conjugation applied to the electromagnetic field, 

= -~ 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 
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shows that the theory is invariant under charge conjugation regardless of 

which alternative is used. 
·o 

To sum up the results so far we may note the following table. Here 

q is the value of the charge on the particle in question. 

Alternative A: 

q = eQ = J._ (1 + ~3 ) , 
2 

q = -eQ = - e 
2 

(1 + 1:'3) ' 

p --.1"3 = +1 , 

Alternative B: 

q - eQ = J... (1 + "'r3) - 2 
, 

q = -eQ• = -e (1- '?:"3) 
2 

p ___,1"3 = +1, 

N ~'r3 = -1, 

holds for particles, 

holds for antiparticles, 

N' ___..,."?;': : -1 3 

holds ~or particles, 

holds for antiparticles 

P 1 ~"'t : =1 
3 

N1 ~1':: - +1 • 
3 

It is important to notice that in a process such as production of 

a pair by a photon there is no question of the violation of isotopic-spin 

conservation, since in a theory of type A the rule for composition of 

isotopic spins is 
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(13) 

while for the case B one has 

(14) 

To see that these rules hold one needs only to observe that under a rotation 

through angle E about the 3 axis in isotopic spin ·space JP· transforms as 

i c:3 ~ 
1f ~ e 

2
· ¥' (15) 

I 
in either theory. The behavior of 1jJ is, however, different; in fact, 

one finds 

Alternative A: 

Alternative B: 

Thus one sees that if a state involving particles and antiparticles is 

formed by operating on the vacuum state 1fo with appropriate creation 

operators, such a state ~ will transform, under a rotation about the 

3-axis in isotopic spin space, in a way determined by factors of 

-~6 . ~~~ 
e 2 , which appear for each particle, and factors of e 

' 
which appear for each antiparticle, the plus sign to be taken for 

Alternative A and the minus for Alternative B. 

(16) 

'v 
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II. SYSTEM OF NUCLEONS, MESONS AND ELECTROMAGNETIC FIELD 

Since the operation of conjugation according to Alternative B 

involves an exchange of isotopic spin states one may suspect that the 

introduction of a m:son fielq will rule out one of the two alternativ:es for 

nucleon charge conjugation. This is in fact the case. Suppose for example 

we deal with pseudoscalar mesons. ·This corresponds to introducing a term 

i f o5 ~ ¢()( 1.fJ · in the nucleon ·equation 

The corresponding charge conjugate wave function ~~ satisfies, for 

Alternative A, 

while for Alternative B one finds 

(J, ') 

(5') 

(5") 

If one now demands that the theory be invariant under charge conjugation,, 
I 

the substitutions A ---?-A and 1f ~ 1f leave the nucleon field equation 

unchanged provided that 

(Alternative A) 

(17) 

(Alternative B) 
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On the other hand the electromagnetic interaction of mesons depends 

on 

(18) 

Thus if A--+ -·A, then ¢2 __,-¢2 is the only acceptable alternative. This 

conclusion of course does not depend on the special form of coupling chosen. 

III. CONCLUSION 

In a theory involving nucleons, mesons, and electromagnetic field 

the charge operator that describes nucleons is 

q = t ; . (1 + 1J> (19) 

The upper sign is appropriate to particles, the lower to antiparticles. Thus 

the eigenvalue of the isot~pic spin operator 1J associated with protons or 

antiprotons is + 1, while that associated with either neutral particle is -1. 

On the other hand, because of the rule for compounding isotopic spins of a 

system of particles and antiparticles, one sees that .the antiproton carries an 

"effective" value of isotopic spin -1, and the antineutron an effective value 

of +1. 

It is of some interest to compare Eq. (19) with the formula for the 

2 charge of a nucleon proposed b,y Gell-Mann : 

Q : _!._ (I3 + n) 
2 . 

(20) 

In this formula n = 1 for nucleons and n : -1 for antinucleons and therefore 

corresponds to the following assignment: 



N --I - -1 ---: 3 - , 

-cr 
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If this is compared with the foregoing results one sees that r3 is the 

"effective" value of the isotopic spin variable 'C). 
I wish to express my thanks to Drs. Charles Goebel and Maurice Neuman, 

who helped to clarify the ouestion discussed in this note. 

This work was performed under the auspices of the U.S. Atomic 

Energy Commission. 
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