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While the Kemmer-Duffin formalism for pseudoscalar mesons eliminates some difficulties
in the analysis of K3 form factors, it gives rise to difficulties in other areas. It is shown
that this formalism leads to: (i) a linear Gell-Mann—Okubo mass formula for mesons; (ii) an
incompatibility between SU(3)-symmetric meson-nucleon couplings and experiment; (iii) (3*,3)

breaking of chiral symmetry (H’=u"+ a® leads to ¢=—0.9 and fy/f, = (m,/m )},

In a recent letter,! it was argued that the Kem-
mer-Duffin formalism,? when used to describe
pseudoscalar mesons, leads to a more satisfac-

tory theory of K;, form factors than does the conven-

tional Klein-Gordon formalism. In particular, the
theory successfully accounts for the large nega-
tive value of the parameter £=f_(0)/f,(0) involved
in the K5 analysis. It has been further argued
that this formalism removes the discrepancy be-
tween the value of the Cabibbo angle 6, obtained
from 0* - 0* g8 decays and the value obtained from
the Klein-Gordon K, description.®

In this note we show that further consideration
of this formalism leads to certain difficulties
which cannot be resolved easily. We find: (i) Me-
son masses satisfy a Gell-Mann-Okubo mass for-
mula which is lizear in the meson masses. (ii)
SU(3)-invariant meson-baryon coupling in this
formalism corresponds to an octet-broken scheme
in the conventional (Klein-Gordon) parametriza-
tion; this is inconsistent with experiment. (iii) In-
corporation of these mesons in a chiral symmetry
with (3%, 3) breaking leads to a linear mass formu-
la, a value of ¢c=-0.9, and f,/f, = (m,/m,)*/2.

Although these difficulties could be overcome by
such measures as introducing a large n-n’ mix-
ing and giving up the idea of SU(3)-invariant me-
son-baryon coupling constants in the Kemmer for-
malism, much of the simplicity which originally
recommended the use of the Kemmer formalism':?
would be lost.

|on

The Kemmer -Duffin formalism can be derived
from the Lagrangian density*

L£=309%0,p" MY+ Lin (1)

where § is a real field; P = pTn=yT(28°8° - 1).
The 5 x5 matrices which describe spin-zero fields
satisfy the algebra’®

BHBBP+BPRIB =g B +gP Bk . )
In the case of a free field, the correspondence

between the Kemmer field and the usual Klein-
Gordon field ¢ is (¢=0,1,2,3,4)

Do=m Y 28,,0,0+m25,,0. (3)
The vector currents in this formalism are

Ve=ifPeB, Y (42)
or, in terms of the Klein-Gordon fields,

V=1 2my/m ) 200 0,07 (4b)

It is important to note that the essential difference
between the formalisms is that in the Kemmer
theory it is ma’/ 2 rather than ¢¢ that transform
as representations of SU(3). It can be shown that
the matrix element of the current defined in Eq.
(4b) between states of K and 7 leads to results in
Ref. 1 in the lowest order of perturbation theory;
and further, the matrix element of the divergence
of the current leads to a zero at g% = (m, +m,;
this is a special feature of this model, as has been
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shown in Ref. 1.

(i) Gell-Mann—-Okubo mass formula. An octet
breaking of the Hamiltonian leads naturally to a
linear mass formula, as is evident if a symmetry-
breaking term ;Amd®®3%)® is added to the La-
grangian. More formally, we take the expectation
value of 8, V* between meson states in the limit
q*-0. If°

(Mp)| V5, IMP(p"))

2
=iV3 fc"“ﬁ“(l’)<5ug" (@*) +%”‘ig+§'(_3»_)>

/
xmm(-gi«%)‘ ‘em, )
b

a

then
lim (Mp)|a- Ve|MP(p'))

¢“—=0

- 1/2
=2 £ g,(0)(m, —m,,)ﬁ“(p)u"(p’)(—’g%@) (2m) .
a™b.
(6)

If the Hamiltonian is octet-broken, then 8- V* is a
member of the same octet:

8- Ve=—i[F° H®]=fBqs,

If g,(0) is SU(3)-symmetric as is assumed,' use of
the Wigner-Eckart theorem gives

dmy=3m,+m, . (M
If we assume large n-n’ mixing, then
4my =3(cos’om, +sin*om, ) +m, , (8)

resulting in 6= 24°.
(ii) Meson-baryon coupling. The SU(3)-invariant
Yukawa coupling of the Kemmer fields is®

Lint = (Af P + Bd®*)Nys N* 4 y°, (92)
or, in terms of the Klein-Gordon fields,
Lint = (Afabc +Bdabc)ﬁa 75Nb(mc/2)1/2(pc . (gb)

The presence of the factor m /2 in Eq. (9b) cor-
responds to octet-broken meson-baryon coupling
for the conventional Klein-Gordon formalism. One
can determine the D/(F+D) ratio either from the
known couplings pr°p and Z°7°A or from the cou-
plings Z°K~p and pK~A; the D/(F+ D) ratio that
results is 0.75+0.25. Assuming the known 7NN
coupling constant, the scheme in Eq. (9) leads to
a value for the pK A coupling constant of -30+5.
This is clearly inconsistent with experiment, the
favored value being ~15+2.7

(iii) Chival symmetry. Following the work of
Gell-Mann, Oakes, and Renner® and of Glashow
and Weinberg,® we assume

H=Hy-u® - cu®, (10)
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where H, is SU(3) xSU(3)-invariant and where u*
(and v*) transform as members of the (3%, 3) rep-

resentation. Using the PCAC (partially conserved
axial-vector current) definition®

9+ A°=2"Y2g m Ay (11a)
=3g.m,"%¢", (11b)

we closely parallel the work of Ref. 7. We first
take the limit*®

im (M(p) |u®+ cu® |[M(p"))

p=0 _ m 2 \1/2 s
= — N La -

mgu u(p )(EaEL;) (27)3.

(12)

We assume SU(3) invariance for the matrix ele-
ment (ignoring n-n' mixing):

(M(p) [u M (p"))

/
= (@660 + Bdabc)a-a(P)ub(P;)(_E%};&)l z(zn)_a ,
a™~ b

(13)

and neglect the variation of a, 8 with ¢®>. Taking
the p -0 limit of the left-hand side of Eq. (13), we
find

Lim (M p) |u® |M>(p"))
p=0 m 1/2
=J§dacd(gama)-1<0|Udle(pr)>(_E_g> (2")-8/2'

(14)

Defining

_ m,\* 2
Ol ) =Ko ) (am) o
b
(15)
and collecting the information in Eqs. (12)-(14),
we find the following results:

(a) A linear mass formula, in agreement with
Eq. (7);

My=May +dB% Am .

(b) @=0, and hence m., = B(3)*/2. Since Am =cB,
we find!*

c=(2)/2 Am . 0.9,
M av

(€) gy ~gemy ~g.m, .

(d) K*=(gm)Am/c, independent of a; K*®=0.

Result (b) indicates that if the Kemmer forma-
lism describes the pseudoscalar mesons, the
SU(2) xSU(2) limit (i.e., ¢=-v2) is not very close
to the physical world. Result (c) is more readily
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compared with data. Using the usual Klein-Gor-
don definition of PCAC,

8- A®=27V2f m, 2t (16)
and taking normalizations into account, we find

fa=ga(ma/2)1/2 . (17
Hence

Fx/fx=my/myg)/2~0.53, (18)

which is in decided disagreement? with the exper-
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imental value of ~1.28. It should be noted, how-
ever, that the Callan-Treiman relation derived in
the Kemmer formalism by Ref. 1,

Fim2) + 7 m®) = AN o /f s (19)

is considerably improved. If it is assumed that
at p,2=0 the form factors f, vary slowly with

¢ f,m?) ~f,(0)], then the left-hand side of the
equation is (1/¥2)(0.39+0.20), while the right-
hand side of the equation is (1/v2)(0.53), and not
the usual value of (1/v2)(1.28+ 0.06).
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