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ABSTRACT
Using the Bjorken limit theorem, we demonstrate that the commutation re-
lations of the free-field quark model [or U(6) ® U(6) commutation relations] are
incompatible with the vector meson dominance of the 7° — 2y amplitude. The
gauge field algebra does not suffer from this difficulty. The present status of

vector meson dominance in 7°decay is also reviewed.
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If the commutation relations of the vector and axial-vector currents are
really part of the basic laws of physics, it is disturbing that as yet there has been
no unanimity of opinions on the nature of the commutator between two space com-
ponents of various current densities. For instance, the free-field quark model1

[or U(6) x U(6)] leads to
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whereas the same commutator is given in the gauge field algebra2 by
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where S.T. stands for the Schwinger terms (which are irrelevant in the present
discussion). - We wish to point out that if the success of vector meson dominance
in 7° decay is not accidental, the commutation relations of the gauge field algebra
must be favored.

According to Bjorken? the high energy behavior of the matrix element for

T°(q)—y&K) + vK'), (4 =k +k')

can be evaluated as follows:
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where the limit is to be taken in such a way that —1;, —12', _ci and q, are kept finite
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as we let lkol ~ Ikbl go to infinity. The quark-field commutation relation (1) then

gives
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(where c is the charged pion decay constant numerically equal to 94 MeV), a re-
sult already obtained by B.-L. Young. 4

We now note that the behavior (4) is incompatible with the vector meson dom-
inance model for m°decay. If the 7°decay amplitude is dominated by p and w (in

the sense of Gell-Mann, Sharp and Wagner),s’6 we expect

gpwﬂ' Aw 7\0
F(s,s') = s + (s+—s') (5)
(mp - s) (mw - s')
where F(s,s') is defined by
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with s = ~k2, st = —k'2 and7
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As Ikol ~ lkb‘ goes to infinity withul_«:’, T{',—(; and dy finite, Muu based on (5) goes
like 1/1{3 , in contradiction with the behavior (4). In contrast, the commutation
relation of the gauge field algebra is consistent with the high-energy behavior of
the vector meson dominance model since Eq. (2) requires the absence of the l/k0
term in the Bjorken limit. Note also that any additional form factor effect one
may care to consider in conjunction with the vector-meson dominance model tends

to strengthen our argument against the quark-field commutation relations.

-3 -



Next we comment on the paper of Young,4 who claims to have shown that the
observed pion lifetime is in good agreement with the quark-field commutation re-
lation (1). Being aware of the incompatibility between the no-subtraction assump-
tion for F(s,s') and the quark-field commutation relation, he proceeds to write

down a once-subtracted dispersion relation in s and s':
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where F(0,0) is directly related to the 7° lifetime via
o 2
(T °yy) = (1/647) F(O,O)f m_ . (9)
Comparing (8) with the Bjorken limit (3), he obtains
2
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where m =m, and Apf = ?\w fw whave been used” and thehigher mass contributions

have been neglected. At this point, however, Young uses an obsolete value for
Aw /Ap characteristic of unbroken SU(6), viz. Aw /Ap = -1/3; instead, one should
take into account symmetry-breaking effects provided by spectral-function sum

rules of the Weinherg type, which yield9 Aw/hp = -0,81/3. Thus we get in the
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free-field quark model10

(3.9+0.4) x107°

3 (1)

F(0,0 =
170 Ol quan {(2,6:4:0.4) x1073

g,  (0-58 % 0.11
—— = (11b)
0.25 + 0,06

sgn(fww/fpcﬂ) = {f

The predictions of the gauge field algebra can be obtained simply by setting
¢, = 0 in Egs. (10a) and (10b); we then recover the results of the vector meson

dominance model (as we must). Numerically

|F(0,0)fypp = (3-3 % 0.4) X 1073 (122)
o2

WP )

- = 0.40 +0.08 . (12b)

Experimentally, the observed pion lifetime [’rﬂ_o = (0.89 £0.18) X 10—16 sec]
corresponds to

|F(0,0)lexp =(3.3+0.,4) X 1073 (13)

which coincides exactly with (12a). Thus we see that the gauge field algebra (or
the vector meson dominance model) is in even better agreement with the observed
m° lifetime. 1
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