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Vector-meson photoproduction on nuclei in the p -& interference region has been observed
both by means of experiments detecting photoproduction of e+e pairs and by means of ex-
periments detecting photoproduction of ~+m pairs. These two phenomena are closely related
to each other and to the corresponding interference phenomenon in e+e x m . It is shown
how the data on all such phenomena can be expressed in terms of three model-independent
complex parameters: q, the intrinsic p-cg mixing parameter, y, the ratio of co-photon to
p-photon coupling at an energy corresponding to the mass of the cu, and P /P, the ratio of
nuclear photoproduction amplitudes for u and p. Existing data on the interference phenomena
are combined with data on the ratios of p and co production cross sections to determine these
parameters. It is found that ~e[ = 0.034+0.004, [r~~ = y&/y~= 0.34+ 0.07, and P&/P [

= 3.44
~0.19 is the most consistent representation of the data. Because present experiments have
uncertainties at the 10/p level, it turns out that only relative phases can be determined. If

is assumed to be real, the most consistent representation yields argz = 95'+ 15' and
arg (p& /Pp ) 0 + 21 ~ The former result is in agreement with the expectations from mixing
theory. The latter is interpreted in terms of a simple vector-dominance model and is shown
to agree with simple peripheralism, that is, equality of the p and u forward scattering am-
plitudes. Because of disagreements in the data from different laboratories, there may be
some doubt about the reality of r„. It appears that the phase of r could be determined in a
model-independent way by an electron-positron colliding-beam experiment on interference
in x+m production at the 1% level.

I. GENERAL REMARKS

Recent experiments' on the coherent forward
photoproduction of electron-positron pairs and of
pairs of pions from li.ght nuclei exhibit typical p-(d
interference behavior when the pair mass falls in
the region of the mass of the (d meson. The pur-
pose of this note is to review some salient features
of the interpretation of this phenomenon on the ba-
sis of general phenomenological theory. and to show
how it may be combined with information on other
phenomena associated with electromagnetic pro-
duction of p and co mesons to give a model-indepen-
dent parametrization of the data. The propagator
method' is the basis for our analysis, but other
methods would lead to essentially the same re-
sults. The parametrization will be carried out in
such a way as to separate three different aspects
of the physics: The intrinsic p-~ mixing, the vec-
tor-meson coupling to photons, and the mechanism
for production of vector mesons from hadrons.
Therefore, the tabulation of experimental results
in terms of these model-independent parameters
provides a convenient way to disentangle the physi-
cal processes and to compare experimental re-
sults directly with models. This latter point will
be illustrated by use of a simple version of the
vector -dominance model.

We shall also make use of existing experimental
data to obtain values of the model-independent pa-
rameters. Because of uncertainties in the data,
these physical parameters are not all determined
at the present time.

The "other phenomena" to be considered here in-
clude the p-~ interference in the 2& mode produced
by electron-positron collisions, ' the production of
p' and e mesons in electron-positron collisions
determined by 2& and 3& modes, respectively, and
the photoproduction of p' and e as determined by
these same modes. ' Under the assumption that the
masses and widths of the p' and e resonances are
known, the data on each of the three interference
experiments may be used to determine the ratio of
the amplitude of the ~ resonance to the amplitude
of the p resonance for the particular process. We
shall denote these ratios (e to p) of resonance am-
plitudes by the complex numbers ((y, 2e), ((y, 2w),

and $(2e, 2&) for e'e photoproduction, &'& photo-
production, and &'& production in electron-posi-
tron collisions, respectively.

These three ratios may be expressed in terms of
the three model-independent complex parameters
which are:

(1) The ratio, r, of the &o-photon to p-photon
coupling for the unnzixed states (i.e., states of def-
inite G parity). In general, this coupling ratio, r,

590



ANALYSIS OF VE CTOR-MESON-PHOTOPRODUCTION. . . 591

may be an energy-dependent complex number and

r, which is involved here, denotes its value at
the e mass.

(2) The intrinsic p-&o parameter e, which is a
universal complex constant, independent of the
production mechanism, measuring the mixing of p
and &u states due to G-violating (presumably elec-
tromagnetic) interactions.

(3) The ratio P„/P~ of the amplitudes for photo-
production of the physical e and p mesons.

In principle, the three experiments giving

$(y, 2e), $(y, 2&), and $(2e, 2&) determine the three
physical parameters.

The experiments giving 2& and 3& resonance
cross sections may be used to determine the ratios
of p and v cross sections both in photoproduction
and in e'- e collisions, and these ratios may also
be expressed directly in terms of the physical pa-
rameters r, e, and P /P~. Therefore, the five
experiments together should serve to overdeter-
mine the three complex parameters.

The value of P /P~ depends on the strong inter-
action between vector meson and nucleus. Hence,
it may be used to test specific models of the photo-
production process. The only model which we

shall consider here is the simplest version of vec-
tor dominance. Then P /P~ is related to the ratio
of forward scattering amplitudes of the (d and p
mesons as well as to e and x„where r, is the val-
ue of r at the photon mass (where it is expected to
be a real number).

Within the context of vector dominance, it is then
possible to test the assumption of peripheralism,
which mould lead to equal forward scattering am-
plitudes for u and p in its simplest form, and to
verify x =r„a relationship to be expected in the
simplest form of vector dominance. It will be
shown that most of the available data are consis-
tent with both of these assumptions taken together,
but because of the experimental uncertainties men-
tioned above, the phase of ~ cannot be determined
and must, therefore, be assumed to bring about
agreement.

where m is the total mass of the electron-positron
or pion pair, as the case may be, and ( is the ratio
of the complex amplitudes of ~ and p. This is the

general form to be expected when the mixing of p
and co is treated by the propagator method. ' ' It is
shown in Ref. 2 how the value of $ depends upon the
particular process under consideration.

In order to obtain the appropriate expression for
g in terms of the underlying parameters, it is de-
sirable to standardize the mixing notation. If

I p,)
and

I &a,& are the unmixed states, we write for the
physical states

(2a)

(2b)

The way in which the coefficient $ in Eq. (1) may
be expressed in terms of the three physical param-
eters by use of Eq. (2) has been treated in detail by
many authors, but the essential points of the phys-
ical argument are simple enough to repeat them
here: We start by noting that the physical states

I p) and
I

u&& are defined as those that propagate as
particles having a physical mass m~ and a total de-
cay width I"~. Thus, the propagator for each phys-
ical state at four-momentum P„ is proportional to

[m' —(mv ——,'irv)'] ' = (m' -mv'+ imvrv) ', (3)

where m' = -pP„' is the invariant square of the
four-momentum.

Let us assume that a physical vector-meson
state

I V) is produced in some given process with

an amplitude T~. It will then proceed to propagate
with an amplitude

T (m'-mv +imvrv)

If, then, the amplitude for decay of the state
I V&

into some mode, j, is Dv(j ), the total amplitude
for resonance production of that mode in the pro-
cess under consideration is proportional to

II. BASIC RELATIONSHIPS

The measured cross section in the interference
region for each of the phenomena under discussion
may be analyzed in terms of a resonance ampli-
tude, AR, and various coherent and incoherent
background amplitudes. Because of its strong en-
ergy dependence, the relative resonance amplitude
A~ can usually be separated from the others. It is
taken to have the form

Ae(m )-, , +2

m -m& +im&F& m -m +im I"

Comparison with Eq. (1) leads immediately to the
result

(4)

The next step is to express Dv(j ) in terms of the
decay amplitude of the unmixed states I V,), the
reason being that clear selection rules apply to the
decay of the unmixed states since they are states
of definite G parity. The necessary relationship
between the decay amplitudes D„(j)of the physical
state and the amplitude Dv(j ) of the state of defi-
nite G parity is clearly given by the linear rela-
tionship between the corresponding states, Eq. (2):
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Dq(f) =D'q(J ) —'cD'„(j),

(j)=D (j)+cD (j) ~

(5a)

(5b)

We now need only consider specific cases to ob-
tain the desired relationships. In the case of the
2& mode, we assume that only the even-G-parity
state, namely, l pg, can decay into it. Although
direct electromagnetic effects violating G-parity
conservation would permit a small le,& decay am-
plitude into the 2& mode, it is expected that these
effects would be an order of magnitude less' than
e, the mixing parameter, and all effects of this
order will be neglected in the following. This as-
sumption that D'(2v) = 0 may be inserted in Eq. (5)
to obtain

D (2v)/D, (2v) =c, (6)

r(m')=f (m')/f (m'). (6)

Since we are primarily interested in the interfer-
ence region where m = m, we shall replace r(m')
by its value r =r(m ') on the assumption that if
there is any variation of the vector-meson-photon
coupling with energy, it is a slow variation. Fur-
thermore, we shall find that lcr l«1 and can
therefore write

D (2e)/Dq(2e) =r +c.
We are now in a position to write down the values

i.e., any decay of the physical state
l

&o& into the
2& mode is due entirely to mixing.

At this point we should note that the energy-de-
pendent factor introduced by Gounaris and Sakurai'
drops out of our considerations. This factor, re-
lating to the energy dependence of the p width, is
characteristic of the coupling of the unmixed

l p,&

state to the 2& mode. As long as that is the domi-
nant 2v coupling contributing to D (2v), the
Gounaris-Sakurai factor is common to both terms
in the interference phenomenon. The factor would
appear in Eq. (3) in the form suggested by Augustin
et al. ' only if the direct ~- 2v amplitude D'(2 )v
were much larger than the amplitude caused by
mixing, namely, cD'q(2w).

In the case of the electron-positron mode, the
decay is assumed to take place via a virtual pho-
ton. Then if the coupling between unnzixed meson
and photon is f», Eq. (5) yields

Dq (2e) -fq - cf

D (2e) f+cfq, -
with a common constant of proportionality depend-
ing on the y- 2e amplitude. Thus,

D (2e)/Dq(2e) =(r+c)/(I —cr),
where

of ( for photoproduction. We have denoted the am-
plitudes T~ for photoproduction of the unmixed
states by T~ =P~. Thus, for photoproduction of
pion pairs

$(y, 2v) = cP /Pq, (10)

and for photoproduction of electron-positron pairs

$(y, 2e) = (c +r }P /P q .
To obtain the corresponding result for 2& pro-

duction in electron-positron collisions, the ampli-
tude T~ for production of vector mesons in elec-
tron-positron collisions is needed. This may be
treated as the inverse of the decay of vector me-
sons into electron-positron pairs, but the ampli-
tude is not simply obtained by taking the conjugate
complex of D»(2e) since the transformation de-
scribed by Eq. (2) is not unitary. We must use in-
stead the inverse transformation,

(12a)

(12b)

valid to order e. When the electron-positron pair
collides to form a virtual photon, the photon tran-
sition to the unmixed vector-meson state is given
by the complex conjugate, fP, of the coupling (to
take account of the possibility that that coupling is
not real). The state produced in this way is then
of the form f q l p,&+f *

l e,&. Then by substituting
from Eq. (12), one may immediately obtain the
amplitudes for production of physical states,

Tq(e'e )-fq —cf„*,

T (e e )-f*+cfq.

Therefore, in the approximation used above for
D»(e'e ),

T (e'e )/Tq(e'e )=r*+c,
and for the production of pion pairs in electron-
positron collisions Eqs. (4) and (6) give

$(2e, 2m) = (c+r*)c.

(13}

(14)

The other relationships that are of interest con-
cern the production cross sections at the peak of
the resonance. These are determined by observing
the dominant decay modes: the 2& mode for the p
and the 3& mode for the e resonance. The peak-
resonance amplitude is proportional to

T»D»/i m» I'»,

o (peak)/ q(peak) =
l T„/Tq l'(mq I'q/m„l' ) .

(15}

where lD»l'= I'» since it concerns the dominant de-
cay mode. Thus, the ratio of peak cross sections
1s
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TABI,E I. Experimental results used in the analysis. The reference numbers refer to footnotes giving the sources
of data.

Quantity measured

Interference amplitude, photoproduction of x+7t.

Interference amplitude, photoproduction of e+e

Integrated resonance cross section,
(photoproduction of 271.)/(photoproduction of 3r)

Interference amplitude, e+e 7t+7t

Peak resonance cross section, e+e g+7t--

Peak resonance cross section, e+e m 7t xo

Parameter

${y, 27t)

((y 2e)

$(2e, 2g)

op (ee)
o~(ee)

Measured value (s)

(0.0097 +0.008)e'(~0

(0.014 +0.016)e~~84

(0.0106+ 0.0012)e~~96 ~ ~5~

(0.01+0.00'1)e~&95'

(0.106+0.022)e~~ ~ +

(0 142 +0.039) j(fPO 3Po+38 )

11.8 + 1.3
(0.016+0.004)e~ 95 ~

1.69 +0.21 pb
1.82 +0.34 pb

Ref.

1(d)
1(e)
1(b)

Note '
1(a)

1(c)

5

3b
4(a)
4(b)

' This is an "average" value for the three experiments that is used as the basis of the analysis here.
Since the energy dependence of the p width is made explicit in Ref. 3, the adjustment in phase described at the end

of Sec. II has been included.

On the other hand, the cross sections integrated
over the width of the resonances satisfy

o~(int)/o~(int) =
t T~/T p

~'. (16)

We shall find uses for both of these forms.
The important results of this section are given

by Eqs. (10), (11), and (14). For the sake of sim-
plicity, both the production and decay amplitudes
have been assumed to be spin-independent in writ-
ing down these equations. Furthermore, the small
modifications associated with the differences be-
tween propagation of spin-one and spin-zero parti-
cles have been ignored, as have some of the effects
associated with the energy dependence of the p
width. These latter effects lead to small correc-
tions in phase in Eq. (2), and all equations derived
therefrom, but these changes can easily be made'
when they are required to match the accuracy of
experimental data.

lt should be'noted that Eq. (1) [or Eq. (8)] with
constant F~ is a correct representation of the am-
plitude, even when the energy dependence of the p
width is taken into account. The effect of making
the energy dependence explicit in the p-resonance

term is compensated in the interference region by
introducing a small phase change in the definition
of g.

III ~ GENERAL ANALYSIS OF EXISTING DATA

The determination of the three complex parame-
ters e, r, and P„/P~ from the photoproduction
data can be expedited by noting that Eqs. (10) and
(11) giving the two interference parameters may be
combined to write

h(~, 2e) —5(), ») =r.(P./P, ). (17)

q=o p/o =~Pp/P ~'. (18)

The electron-positron collision data from the
storage rings give the peak cross sections oz(ee)
for resonance production of the 2m mode+'~ and

The other information concerning photoproduction
that will be used here is the ratio, q, of cross sec-
tions for production of the p meson and the (d me-
son. These cross sections correspond to the inte-
grated cross sections of Eq. (16) and since T» =P»—
for photoproduction,

TABLE II. Approximate equations for physical parameters, valid to about 10% in magnitude and 10 in phase.

Equation Source in text

(A)

(B)

(&)

(D)

(E)

(F)

~I ~/I', =((q~ 2~)

~~p~IPp =({y, 2e)

gz*=((2e, 2~)

fP, /P„P =»)

/r~ /

= F a (ee) /F& e& (ee)

arg$(y, 2e) =arg((y, 27t) —arg((2e, 271)

Eq. (10)

Eq. (21)

Eq. (14)

Eq. (18)

Eq. (19)

Eq. (22) and Eq. {C) (above)
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(20)

Therefore, Eq. (17) may be simplified to

r (P„/Pq)= $(y, 2e),

and this result combined with Eq. (10) yields

e/~ = &(7, 2&)/$(Y, 2e).

Equation (22) along with Eq. (20) establishes

(21)

(22)

(23)

as an experimental fact. Having established this,
it is clear from Eq. (22) that the approximation we
are using results from the fact that the effect of
p-~ mixing on the e'e mode of the ~ is negligible

o (ee) for resonance production of the 3& mode+b~

as well as' the interference parameter $(2e, 2w).

The last of these is to be applied to Eq. (14), while
the first two may be combined through Eqs. (13)
and (15) to give

(19)
mpI p (Tp(88)

The relevant data that are presently available for
both photoproduction and electron-positron colli-
sions are given in Table I. Since the data clearly
have uncertainties in magnitude of the order of 1(P/q

or more and uncertainties in phase of 10' or more,
terms in the equations used for this analysis,
which can be shown on the basis of the data to be
of this order or smaller, will be dropped.

It is immediately apparent from Table I that

$(y, 2~)/$(y, 2e)= 0.1.

(at the 10% level) while the 2v mode of the v is en-
tirely due to mixing.

For the same reason, simplifications of Eqs. (14)
and (19) are also possible. As a result of these
simplifications, the basic equations to be used for
the analysis at the 1(P/z level of the five types of ex-
periments are those that are shown in Table II. We
see immediately from Table II that although, in
principle, ' the magnitudes and phases of the three
parameters e, r, and P /P~ could be determined
from the data, at this level of approximation only
relative phases can be determined. Data at the 1%
level will be required to determine the phases in-
dependently from the e'e collisions by means of,
more precise equations such as Eqs. (14) and (19).
However, when the analysis is to be made at the
more precise level, additional corrections that
have been omitted for the sake of simplicity, such
as those described at the end of Sec. II, will be re-
quired.

Results obtained by applying the equations, of
Table II to the data of Table I are shown in Table
III. It is evident that the magnitudes of c and r
determined independently from photoproduction and
electron-positron collisions are quite consistent.
The value of ~r ~

is also consistent with the pre-
dictions of the simplest version of SU(3).' We note
that ~r ~

is often denoted by y~/y in the literature
Comparison of phases determined from the two

types of experiments is simplified by combining
the data on interference in the 2& mode from both

TABLE III. The results obtained by applying the equations of Table II to the data of Table I.

Result

From photoproduction

Source

2a.

4

5a.

5b.

g(p /& ) =(0,01+0.001)e«95
Q) p

r (P /P ) =(0.10+0.02)e~&~

(P jQ
p ) = (0.14+0.035)e'('Oo ' " ~

/p
~

=3.44 +0.19

(& (
=o.o34+ o.oo4

~..~

=O.S4.O.O7

)r )=o.44+o 12.

Table II, Eq. (A)

Table II, Eq. (B), and Ref. 1(a)

Table II, Eq. (B), and Ref. 1(c)

Table II, Eq. (D)

Lines 1 and 3 above

Lines 2a and 3 above

Lines 2b and 3 above

From e+ e collisions

7.

8.

~~*=(0.016+0.004)e«" ' ""
~ ~„[=O.33+ O.O3

( ~( =o.o4s+o.o12

Table II, Eq. (C)

Table II, Eq. (E)

Lines 6 and 7 above

Combined data

arg((y, 2e) =0'~21' Table II, Eq. (F), and line 6 above
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electron-positron and photoproduction experiments,
as shown in line 9 of Table III. This independent
determination of the phase of g(y, 2e) is to be com-
pared with the two directly determined values
shown in Table I. Evidently the results of Ref.
1(a) do not give a significantly different phase, but
those given in Ref. 1(c) are quite inconsistent with
the others.

Although its phase cannot be determined from
existing data, it is reasonable to assume that the
photon-vector-meson coupling is real, since the
numerical value of the ratio of coupling constants,
Ir I

=-„ is consistent with the simplest notions of
photon-vector-meson coupling. Then, r is real
and from line 6 of Table III,

S,

(o)

~N MN

/ 7J

arg~ =95'+ 15, (24)
(b)

or e is essentially imaginary, which is in good
agreement with the prediction of Gourdin, Stodol-
sky, and Renard" based on the assumption that the
mixing of the vector.-meson states is due entirely
to electromagnetic coupling.

IV. VECTOR DOMINANCE AND THE
INTERPRETATION OF P~ /Pp

The assumption of vector dominance of photopro-
duction takes its simplest form when the resonance
production amplitude is assumed to be dominated
by diagrams of the form shown in Fig. 1. The dou-
ble lines labeled with a "V" in these diagrams rep-
resent the vector-meson propagators. It is impor-
tant to realize that the propagator on the left of the
diagram is evaluated on the photon mass shell,
i.e., at m' =0, while that on the right is evaluated
at the mass of the 27t or 2e system.

The choice of mass also may affect the value of
meson-photon coupling, f», to be used. We have
noted earlier that on the right-hand side of the di-
agram in Fig. 1(b)f» is to be evaluated at the &@-

meson mass. On the other hand, f» is to be eval-
uated at m' =0 on the left-hand side of both dia-
grams. The corresponding ratio of coupling con-
stants is denoted by r„and ~, is expected to be a
real number since no absorptive processes can
contribute at m' = 0.

The ratio P /Pz may be evaluated in accordance
with general mixing theory for the diagrams in Fig.
1. The procedure is analogous to the one used in
Sec. II to obtain production amplitudes in electron-
positron collisions. In the present instance, the
photon produces vector-meson states of definite
6 parity with the (real) amplitude f»(m' =0) = f »
and the state so formed is

FIG. 1. Diagrams of photoproduction of vector-meson
resonances in the vector-dominance model. N stands
for nucleus, p for vector-meson propagator, f~ for
photon-vector-meson coupling. $& is the nuclear scat-
tering amplitude for vector mesons. (a) Resonance
photoproduction of pion pairs. (b) Resonance photo-
production of electron-positron pairs.

s'pf'pl p.&+ s'.f'.
I ~.&. (28)

In order to obtain the amplitudes P~ and P of the
physical states, Eq. (26) must be expressed in
terms of physical states by means of Eq. (12). In
this way we find

P~/Pz= e + ros '/S z, (27)

where a correction of order n", is neglected.
According to Table III, Ie I«IP /P~I, and it is a

good approximation to rewrite Eq. (27) as

rS /Sp ——P /Pp. (28)

The simplest model of vector dominance would

suggest that y is independent of m' and real; hence
y =go. Using this model we then find from Table
III either

Is'./s',
I
= o.85 ~ o.14 (29a)

in terms of the physical states which propagate to
the nuclear vertex (S» in Fig. 1) in accordance
with Eq. (3) with m'=0. However, our consistent
neglect of terms of the order I'»/m» and

(m~-m„)/m» means that the
I p& and

I
u&& propaga-

tors should be treated as equal; hence the struc-
ture of the state arriving at the vertex is approxi-
mately given by Eq. (25).

The interaction S~ conserves 6 parity in the sim-
plest case of diffractive scattering and, if the for-
ward scattering amplitudes are denoted by S ~, the
state after scattering is simply

f', I p4+f'. I ~.& (25) or

By means of Eq. (12) this state may be expressed
I
s'./s',

I
= o.81+o.17, (29b)
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depending on the choice of values of ~t' ~. Accord-
ing to Eq. (B) in Table II, the phase of S'/S P~ ob-
tained in this model is the same as the phase of
$(y, 2e). Thus, the model gives

arg(S'/S ~) = 0'+ 21' (30)

V. CONCLUSIONS

We have shown how the measurements on relative
amplitudes for p and &d production in the (forward)
photoprocess and in electron-positron collisions
may be used to determine three physically inter-
esting parameters in a model-independent way.
These complex parameters are the p-v mixing pa-

if we use the result of the combined data from
Table III (line 9). As we have already noted, this
result is in rough agreement with the results of
Ref. 1(a), but not with those of Ref. 1(c).

Equations (29a) and (30) suggest

(31)

a result that is in accord with the simplest model
of peripheral scattering, which would suggest that
the p and e have the same, or nearly the same,
forward scattering amplitude.

Although the experimental results of Ref. 1(c)
are not consistent with the other experimental re-
sults used in obtaining Eq. (31), it is of some in-
terest that they are consistent with Eq. (31). This
agreement requires that r~ be taken to be approxi-
mately imaginary (rather than real), i.e., r =ir,
[Eq. (28) and Eq. (B) of Table II]. It is also consis-
tent with e being approximately imaginary [Eq. (A)
of Table II], but it is clearly quite inconsistent with
the phase of $(2e, 2&) measured in the storage-ring
experiments [Eq. (C) of Table II] as well as with
the other measurement of $(y, 2e), Ref. 1(a).

rameter, e, the relative v and p coupling to pho-
tons at the v mass, x, and the ratio of nuclear
photoproduction amplitudes for v and p.

Existing data, which are good to roughly the 10%
level, have been analyzed in terms of these param-
eters. It is found that at this level of accuracy,
the magnitudes of the physical parameters and
their relative phases can be determined. They are
evaluated from the data with results that are in
good agreement with general expectations when the
unknown phase is fixed by making the natural as-
sumption that r is real. The largest errors and
greatest uncertainties in the analysis occur in re-
gard to the determination of the interference of the
amplitudes for resonance photoproduction of elec-
tron-positron pairs.

The results may be used to test particular mod-
els, and they are applied here with some success
to the model based on simple diffractive forward
scattering of the vector mesons.

The absolute phase of x enters the equations of
the analysis only in terms of the order of 10/p,'

therefore, its determination will require that the
colliding-beam experiments be carried out to the
1/p level or better. However, this determination
will also require that other small effects be incor-
porated into the equations used for the analysis.
These small effects include the effect of the ener-
gy dependence of the p width on the mixing equa-
tions, Eqs. (2). They also introduce new parame-
ters, ' such as the direct 2& decay amplitude of the
state

~ e,), which is expected to be a 10%%uq effect.
Another parameter that should be included at this
level is the ratio of the coupling constants for
"mass mixing" and "current mixing. " Presumably,
these additional parameters could also be deter-
mined from a complete set of data at this level of
precision.
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