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The anomalous real parts in co photoproduction and elastic scattering from nucleons are
calculated. The effect of anomalous real parts on the maximum p~ phase allowed by nuclear
absorption in photoproduction from complex nuclei is discussed. A large time-reversal-
invariance-violating phase is needed at the vector-meson-photon vertex in order to correlate
the p-~ phase measurements in photoproduction of lepton and pion pairs and in pion-pair pro-
duction in colliding beams,

fv»-v» = — &~oi(I'&)l I+ &(&n+ o'2) ~ ~ (3)

where the anomalous real part is

d I „(m) o...(vX) (4)

For the po meson, a, =+0.3 and o.,=+0.4. Since
the normal real part a„ is known to be ~+0.2, '
which is also its value in m-nucleon elastic scat-
tering, a test for the presence of anomalous real
parts could be made if data existed on the phase of
the p-production amplitude from nucleons. Al-
though no such data exist, there are phase mea-

In a recent paper, ' Bauer discusses the possi-
bility of anomalous real parts in the photoproduc-
tion and elastic-scattering amplitudes for unstable
particles. As a specific case, he considers the
p meson and finds anomalous real parts with mag-
nitudes of the order of (30-40)%%uo of the normal
imaginary parts. In this note, we examine the
anomalous real parts in & photoproduction and
elastic scattering. Any difference between the (d

and p' results would contribute to the large rela-
tive p-v phase seen in the lepton-pair production
experiments from complex nuclei. 2

The forward amplitude for photoproduction of a
vector meson V from a nucleon is written'

ik
f~pr v» = I'yv'&to&(I'&)1l+&(& +o'g)~ ~4n

where k is the photon energy, g&~ is the vector-
meson-photon coupling constant, and a„ is the
normal real part -arising, for instance, from dis-
persion theory, or phenomenologically, from
quark-model relations between vector-meson-
nucleon amplitudes and m-nucleon amplitudes. '
When the predominant decay mode of V is into P
pions, the anomalous real part is given by

I'v(~v) &m~(WÃ)

m v o,'o,(I'&)
'

Similarly, the forward elastic V-nucleon scatter-
ing amplitude is written

surements for p photoproduction from complex nu-
clei.' ' The most accurate result can be found in
Ref. 6, where the phase measurement was made
at an average energy of 5.1 GeV using a beryllium
target. The result is 5~ = 11.S + 4.4 .

In order to use this phase result to test for the
presence of anomalous real parts, it must be mod-
ified for two reasons. As pointed out in Ref. 1,
anomalous real parts can arise in production from
complex nuclei due to nonresonant production from
more than one nucleon. The calculation of this
effect would be long and difficult and will not be
attempted here. One must also remove the effect
of nuclear absorption fromm~, and this effect is
known to depend critically on the phases of (1) and
(3)." In the following, we briefly explore this
phase dependence and use it as a tentative test for
the presence of anomalous real parts.

There are two possibilities. The first is that no
anomalous 1'eRl PRl'ts existy l.e.y Q~ = Q~ = 0 andq
therefore, the real parts of both the nucleon photo-
production and elastic-scattering amplitudes, (1)
and (3), are equal to n„. This assumption was
made implicitly in Refs. 2 and 7, and the conver-
sion of 5~ can then be made by reading off the
curves given there. The result is a nucleon photo-
production phase 6~=6'+ 7, which corresponds to
a real part n = +0.1+0.1, consistent with o.„=+0.2.
The second possibility is that the anomalous real
parts, o.,=+0.3 and n, =+0.4, are present. In this
case, the real parts of (1}and (3) are not equal,
and the results of Refs. 2 and 7 must be modified
accordingly. ' When this is done, one obtains a nu-
cleon photoproduction phase of 6~=10 +7', which
corresponds to a total real part in (1) of 0.2+ 0.1,
only approximately consistent with a„+a, = 0.5.
Thus the accuracy of the present data, coupled with
the incomplete treatment of the anomalous real
parts, makes it difficult to distinguish between the
two posslbllltles.

We proceed assuming that the anomalous real
parts given by (2) and (4) exist, and examine the
consequences in e photoproduction. We restrict
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our attention to the dominant 3m decay mode of the
&u and use o(orÃ) = o(pÃ)." The anomalous real
part for m photoproduction from nucleons is then
n, =+0.03 and is therefore negligible. In order to
calculate o.„ the mass dependence of I' (m) is
needed, and for this we use the results of Gell-
Mann, Sharp, and Wagner":

r (m)-m(m —3m,) W(m),

where W(m) is a phase-space factor which varies
from unity atm =3m„ to a value of 3.56 atm = m
The mass dependence in (5) is quite rapid, and the
contribution to o., will be large even though
I' (m )/m„ is small. The results are

d I' (m)/dm ( = 11.2r (m„)/m„

r.(m. ) o...(vie)

giving a, = +0.2. We see that since the modifica-
tions to the relation between nuclear and nucleon
photoproduction phases depend on the difference
a, -n„a they will be larger for the co than for the

p, even though I'„/m is small.
These modifications do not affect very much the

maximum relative p-~ phase, 5~,„, in photo-
production from complex nuclei allowed by the
nuclear absorption effect,"since 6, „depends
on both the value of the nuclear phase 5 near the
nucleon phase 6= 0' and the value of 5 near 6= 90'.
No matter how large the value of n, -o.» 6 is very
little affected at the latter point. ' The over-all ef-
fect of the above considerations is an increase in

5p ~ ~g e For instancey for A 10 and photoproduc
tion at 4 GeV, 5~ ~~ increases from -35, if no
anomalous real parts are present, to -40 if they
are. This is to be compared with the relative p-~
phases measured in carbon (100'),""and in beryl-
lium (41 ~20')"

In conclusion, we would like to point out that the
relative p-e phase measurements made in the three
types of electromagnetic experiments (photopro-
duction of lepton pairs, photoproduction of pion
pairs, and pion-pair production in colliding beams)
can be made consistent with one another, and with
the constraint due to nuclear absorption, if one al-
lows time-reversal-invariance-violating nonzero
phases at the vector-meson-photon vertex. The
diagrams for the three types of experiments are
shown in Fig. 1. I et x, y, and z be the relative
p-Q3 phase fol photoploduction from a complex nu-
cleus, '~ coupling to a photon, and decay into a pion-
pair, respectively. If the relative phases measured
in the experiments corresponding to Figs. 1(a),

P, cU
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FIG. 1. Diagrams for the three types of electromag-
netic experiments in vrhich the relative p ~ phase has
been measured. (a) Photoproduction of lepton pairs.
{b) Photoproduction of pion pairs. (c) Pion-pair pro-
duction in colliding beams.

1(b}, and 1(c}are denoted by P, , P„, and P„ then

~=-,'(P, +P, -P,),
y=-,'(P, +P, -P,),
@ =2(P, +P~-P, ).

If we take P = 100' ' "P = 105 "and P = 165,'
we obtain

The relative p-co production phase x agrees with
the constraint 5~ discussed above. The rela-
tive phase for decay into two pions, z, is in fair
agreexnent with the resonance-overlap prediction
of -110,"which does not contain possible modifi-
cations due to unknown direct-decay amplitudes.
There is now, however, an additional large rela-
tive phase y in the vector-meson-photon coupling
which must be included in order that all three types
of electromagnetic experiments be consistent.
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We derive a rigorous bound on the form factor f+(0) in the form If+(0) I
~ [16/(mr —mv)

&& (v'm~ + v'm~ )][xA(0)/3(mg+ m~)]~~, where 4(0) is the propagator of the divergence of the
strangeness-changing current at zero momentum transfer. Using the estimate of Mathur and
Okubo for 6(0), we get If+(0) I

~ 1.0 and
Ifz/f„l «1.28.

Recently, we have derived a bound on the K„de-
cay parameter $ =- f (0}/f, (0), ' where the form fac-
tors f, (t) a,re defined by

&w'(P) Iv, (0) lt~'(&)) = -,'[(&+P)„f,(t) + (& p)„f (t)], —

(I)
with t=(p —k)'.

In this note we want to point out that an upper
bound can also be established for f, (0) by using the
method of Meiman. ' Here we consider the matrix
element of the divergence of the current, which is
related to fo(t) by

ld(t) =&s'( p) I ts„v'„'(0) le'(I ))

= —,'[(m '-m„')f, (t)+ tf (t)]. (2)

In Ref. I it is shown that d(t) is bounded by the
spectral function of the propagation function of the

divergence of the current, i.e.,

p(t) -
2 . 2t [(t- t.)(t t,)]"'!Id(t)l'-

for t~ to, where p(t) is defined by

o(O fo'xa"*(ol(o„v„*'(v)o v=*, (o)). l o)

I

- p(t')«'
=J,

with q'=t, and where

t, =(m, +mr}', t, =(m~ -m, )'.
From (3) and (4), we have

(0)
""P(t)dt

t

=;, I
—„,[(t- t,)(t- t.)]"—.'Id(t) I'.
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