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Inconsistency of a Duffin-Kemmer-Petiau model for meson decay rates
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We confront a Duffin-Kemmer-Petiau model of pseudoscalar mesons (as proposed by
Fischbach et al .), with data on thirteen independent ratios of m son decay rates. With five
adjustable singlet-octet ratios as parameters and SU3-symmetric couplings, this formalism
is able to fit only eight of the ratios, while it is inconsistent with experiment on the remain-
ing five ratios. We conclude that this description is not a viable alternative to the usual
Klein-Gordon formalism.

In recent letters the Duffin-Kemmer-Petiau
equation (DKP) has been proposed as a serious
alternative to the Klein-Gordon equation (KG) for
spin-zero particles. ' 3 Evidence offered is a large
negative theoretical value for the K„parameter
$, ' improvement of the Cabibbo angle, ' and resolu-
tion of the "SU, puzzle" I'(g-yy)/I'(vo-yy). a

W'e wish to demonstrate that in spite of these ap-
parent successes, the DKP model leads to many
inconsistencies and creates more problems than
it solves. It already has been pointed out4 that the
DKP formulation pe& se does not lead to the re-
sults of Fischbach et a/. ' ' Instead the latter's
conclusions are based upon keeping only covariant
forms which seem most natural in the DKP frame-
work. In order to test this postulate, we shall put
this "DKP model" to the logical task of trying to
fit all available meson-decay data. We find five
examples which are in complete contradiction with
experiment and assumed SU, symmetry at the de-
cay vertex. This result is a eonsequenee of the
fact that the KG theory and SU, symmetry suc-
cessfully describe aE/ meson-decay data, ' and

any tampering with this pattern in one decay mode
is bound to cause problems in other modes.

We consider the meson decays P- yy, V -PP,
T-PP, T VP, V-Py, and P Vy, where T, V
P refer to tensor, vector, and pseudoscalar me-
sons. Decay kinematics for KG pseudoscalar fields
and SU, symmetry at the decay vertex' implies
that the rate for two-body decay of a meson of
mass m is I'- lTl'p/m', where T is the relativis-
tically invariant matrix element. This implies
that

I'v-rr fvrr P /mv

2 5/ 2 2 5Fr-rr drrr p /~r ~ Fr-vr fry p i

2 3 2 3~v Py 3dvPy ~ ~ ~Privy dvPy P

where d,~, and f,» are the SU, structure constants,
and p is the magnitude of the momentum of either
decay product in the rest frame of the decaying

particle. If the DKP equation is used to describe
the pseudoscalar particles, these rates in (I) must
be modified by the mass-dependent factors of mP
for each pseudoscalar particle,

l
—,
'

[(I/m, )+ (I/ma)]l'
for each KG meson coupling of the form $,7„$„
and (m, ma) ' for each KG coupling P,S„SPa.a This
leads to the additional factors of (m, +m, )a(4m, ma)

'
for V P,P„+,m, } ' for T-P,P„and mr for
P-yy, T- VP, V-Py, and P- Vy, to be in-
cluded in (I). One might argue that one should use
DKP rather than KG fields for vector and tensor
mesons. However, it is easy to see that the large
differences come from the large mass splittings
in the pseudoscalar nonet, and ratios of vector or
tensor masses could not resolve them.

Finally the r} -g', &u —Q, and f —f ' mixing pa-
rameters must be taken into account. %e define
the states as

lr}~ ~~f& =coser, v, rl'6a ~ ~a~f a)

-»net, v, rl"lo~ +o»o& ~

(2)
lr}', 4 f'& =»»r, v. rlr}a, a, fa&

+coser, v. rl )o~ +oifo&.

The DKP model insists on linearly mixed states'4
and the meson mass formulas then imply 8P —= -24,
8v—= -53', 8~—= -62'.' Mixing leads to five
additional parameters which are needed to describe
the various decays in (I). These singlet-octet
ratios are usually defined as

s,„=&n. l~&/&n, lyy&,

s,„=&q, l v,y&/&q, l v,y&,

S-=&T.IP.P.&/&T. lP~.&,

and one should keep in mind their U, quark-model
values of

Sv =Sr =Sr' =Sar =aS =~2
y y yy
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TABLE I. Comparison of predictions from KG and
DKP descriptions with experimental values for ratios
R~, R2, andR3.

TABLE II. Values of S~ required in the KG and DKP
descriptions to fit experimental values of Re, R &0, and
R )).

R)
R2
R3

Expt.

0.043+ 0.004
9.7+ 2.5

0.34+ 0.09

KG

0.040
8.25
0.29

DKP

0.028
29.6
1.03

R9

Rgo

KG

1.08 + 0.76
8.12 + 0.76

1.76 ~ 0.30
-0.89 + 0.30

DKP

2.82+ 0.39
6.32+ 0.39

0 11+00'322o

when computing their phenomenological values in
the KG and DKP formalisms.

However, before becoming involved with these
singlet-octet ratios, we can make three compari-
sons which are independent of singlet-octet ratios:

Rx =re-r r~rr~-r.

E~~E~t A2-EK &

g, =r, „/r,
The results are given in Table I and we see that
the KG formalism is compatible with experiment, "
while the additional mass factors in the DKP mod-
el cause its predictions to be 4, 8, and 8 standard
deviations off from the central values of R] 2 3,
respectively.

Turning to processes involving mixing param-
eters, Fischbach et al.' attempt to explain the
large q-yy/r'-yy ratio by the DKP enhancement
factor of m„/m„-4 and a small singlet-octet ratio
of S -0.6 rather than the KG value of S - 3.5,
which is near the quark-model value of 282. This
in turn would seem to imply that the other four
DKP ratios in (4) are 2$„„-0.3, which will fit
only five of the thirteen decay ratios to be con-
sidered.

If we instead drop the quark-model constraint
(4) and allow the four remaining ratios to take on
independent values, the situation is not much im-
proved. The T -PP ratios,

=I'(A qs)/r(A -KK) =2.8+0.05,

R, =I'(A, -q'v)/r(A, -KK)&0.15 (Ref. 11),

are fittedbythe KGvalue of S»=0.7+0.3, while the
DKP model needs S» = -0.6 or -3.9 to fit R4,
which in turn predicts R, =0.13 or 4.5, one of
which may be acceptable. However, tensor mixing
can also be probed in the T -PP decays

R, =I'(f'-vv)/r(f'-KK) &0.2,

R, =I' {f-KK)/r(f ws) =0.056+8.019.

The ratio R, implies the value S»-1.8 in both the
KG and DKP formalisms. This value predicts
R, =0.059 for KG and R7=0.0046 for DKP, and
again we see the DKP model is in trouble.

5 7+3.4 -4 0'-2".i

Finally the radiative decays V -Py and P- Vy

can be analyzed in terms of the two ratios S„and
S~ .

R, =r(p-sy)/r(&u-sy) &0.017,

R, =r(p-gy}/r(~-my) =0.127+0.061,

R,.=r(n'-Py)/r(~ —vy)

=0.139+0.079 KG (Ref. 12)

=0.056',"„',DKP (Ref. 12),

R„=r(v-qy)/r(~-my) =0.01'oOOo: (Ref. 13).

For R, to be small, both KQ and DKP require 1.2
&S. & 1.7 (we shall use the quark-model value of
v2). In Table II we see that the KG value of
S~„- .7 can fitR„R,O, andR», but that DKP
can only fit R„and R» simultaneously with 0&S~
& 1, while R, cannot be fitted with this value.

The net result is that the KG formalism is able
to fit all thirteen decay ratios (including the two
P-yy ratios) with five {U,) parameters, while the
DKP formalism fits only eight of the ratios with
five parameters and fails on the other five. If the
DKP model (and SU,) is to agree with experiment,
it must somehow account for all of the thirteen
ratios by departing from the traditional SU, rates
(1) in some consistent fashion. Even if final-state
interaction effects or rescaling of the SU3 cou-
plings by additional mass factors are used, we do
not see how the DKP rates could agree with all of
the data. It is important to stress that both the
linear KG and quadratic KQ SU3 rates are always
within one standard deviation of experiment. This
fact in itself is a compelling reason for insisting
upon (1) without recourse to final-state interaction
or rescaling effects.

In conclusion, we believe that the DKP model is
not an acceptable alternative to the KG equation.

Note addedin proof A recent new measurement
r(q-yy} =374+60 eV (Ref. 14} is almost a factor
of three less than previous values. If this is cor-
rect, it removes the original "SU, puzzle" which
was the subject of Ref. 3. The conventional KG
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approach can still accommodate this new value in

either the quadratic or linear mixing schemes with

reasonable singlet-octet ratios. "
There has also been a new measurement of K„

decay which gives the g parameter a value of
= 0." This is in disagreement with the older
values of = -1, and disagrees with the DKP ap-
proach which "explains" the old value (Ref. 1).

A recent examination of SU, symmetry for
meson-baryon couplings in the DKP formalism"
claims success for the pseudovector DKP coupling

scheme, contrary to a previous criticism. "
However, this hinges on acceptance of a low val-
ue for the KNA coupling. We wish to mention
three new and independent evaluations with small
associated errors which favor larger values of

g~» in a'greement with the KG approach, " and

also with the original work of Kim." Further-
more, Ref. 17 relies heavily upon the analysis of
Martin and Sakitt, "who in fact concluded that the
KNA coupling uncertainty found by their approach
is large enough to encompass both extreme values.
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