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The real part of the p-nucleon forward scattering amplitude has been obtained by a
measurement of the photoproduction of asymmetric electron-positron pairs from a car-
bon target. A determination of the relative p-~ production phase is also made. At a
mean incident photon energy of 4 GeV the ratio of the real to the imaginary part of the p-
nucleon Mnplitude is found to be —0.28+ 0.12.

The idea that p-nucleon (pN) forward scattering
does not proceed by a purely absorbtive mecha-
nism was suggested' as a possible explanation
for the difference between the values of the p-
photon coupling constant obtained from p-photon
production data' and colliding beam experiments. '
In order to bring the photoproduetion value into
reasonable agreement with colliding beam re-
sults, it was necessary to use a value of e~„, the
ratio of the real to the imaginary part of the pN
forward scattering amplitude, as large as —0.45
at an incident energy of 5-6 GeV.

The present experiment was carried out pri-
marily to measure the phase of the coherent pV
forward scattering amplitude by a direct method
if vector dominance is assumed, using the pro-
cess

+-e e,
where the resultant electron pairs are detected

asymmetrically. In addition, the experiment
will give an independent determination of the p-e
production phase previously measured with our
symmetr1e configuration.

In the invariant-mass region of the p meson,
the amplitude for the photoproduetion of electron
pairs consists of contributions from the Bethe-
Heitler (BH) process, the Compton process in-
cluding p and ~ mesons, "and possible incoher-
ent processes. As a consequence of charge-con-
jugation invariance, the cross section arising
from the interference between the BH and Comp-
ton amplitudes involves only electron pairs in
which the electrons have unequal four-momenta.
A measurement of asymmetric electron pairs,
therefore, provides a means of obtaining the rel-
ative phase of these amplitudes, and hence, since
the BH amplitude is real, the phases of the p-
nucleus and ao-nucleus forward scattering ampli-
tudes.

The differential BH-Compton interferenee
cross section is written

dp+dp dQ'dQ v' ~ & yz

where I'~(rn) has the usual Jackson' form and Kz(p', p, e', e ) is a kinematic factor. Also Z, M, and

Gs(t) are the respective nuclear charge, nuclear mass, and the electric form factor of the target;
e' and p' are the energies and four-momenta of the pair electrons, respectively; t is the square of
the four-momentum transfer to the nucleus; no~ and F~ are the mass and width of vector. meson V;
em r /2yr is the photon-vector-meson coupling constant; m, is the pion mass and rn is the invariant
pair mass. The relationship between the phase angles qz~ and p ~ of the coherent p- and w-nucleus
amplitudes is q „=y~~+ y, where y „is the phase angle between the p and co photoproduetion am-
plitudes.
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For a complex target nucleus it has been shown'
that in addition to the p-nucleon phase angle y»,
the measured total scattering phase angle y p~
contains a contribution due to refraction and ab-
sorption of the vector meson within the nucleus.
This latter quantity is given by the relationship
cp~„= @~„+6(cp~„,R), where 8 is the additional
phase change due to a nucleus of radius R. Car-
bon, with a very small value of 9(cpz„, R), was
found to be a suitable target material.

The experiment was carried out using a mag-
netic pair spectrometer. Its properties are de-
scribed elsewhere. "A total mass range of 590-
830 MeV/c' and transverse momentum range of
0-150 MeV/c were covered. Only asymmetric
pairs were detected.

Let N' denote the pair yield when leptons (e')
are detected at the smaller spectrometer-arm
angle, the momenta in the arms being equal. At
each configuration of the apparatus, half of the
data, N', were obtained with one set of magnet
polarities, and the other half, N, with the polar-
ities reversed. The number of events in each
mass bin, N'(m'), arises from several contribu-
tions to the cross section:

N'(m') = N BH(m') + Nv(m') * [N BH ~(m') + N, B(m')],

where N» ~ is the BH-Compton interference
yield, and V=p, e, pcs interference. The yield
N» arises from the interference of the first and
second Born amplitudes in wide angle pair pro-
duction. ' The data do„~(m') are presented in Fig.
1. For each mass bin, the combination (N' N)/-
2 corresponds to the BH-Compton interference
yield, whereas the combination (N'+N )/2 cor-
responds to the sum of the BH and Compton yields,
including p-~ interference.

If the interference cross section do, is fitted
directly to the experimental data, the resultant
values of the phases y p„and cp „are not well
determined because of the uncertainties in the
values of the parameters m~, 1 ~0, y~, [da/dt], =„
and the slope 5 of the t dependence, and any er-
ror in the experimental normalization. However,
by using a particular combination of yields,

(N' —N )/2 da, +da»
0(N +N )/2 NBH]~ BHj (dacdaBH)

the parameters [dov„/dt], , and b are removed
from the analysis and the dependence upon m p,
y p, and the normalization is greatly reduced.
The yield N» was calculated from the theoreti-
cal cross section.
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FIG. 1. The differential cross section for the N
yields as a function of invariant pair mass. The dashed
line is the theoretical BH cross section, and the con-
tinuous line is the sum of the BH and fitted Compton
cross sections.
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The data e(m') were fitted allowing the parame-
ters y p~ and y p

to be variable, and fixing the
parameters m~, I'~', m, I', and y '/y ' at the
values 768 MeV/c', 146 MeV/c', 783.4 MeV/c',
12.6 MeV/c', and 7.0, respectively. '" The best
fit to the data [Fig. 2(a)] gives y~„= 16.5'~ 6.2'
and pp =118

The sensitivity of the best fit to variations of
the above fixed parameters was investigated. By
far the largest contribution to the error in y p„,
amounting to + 2.1', results from an uncertainty
of ~ 5 MeV/c' in m ~. However, this contribution
does not significantly modify the best-fit errors.

The value of np~ was calculated from the mea-
sured phase angle yp„. For «p» in the region
15—20', e(y~„, R) -1, giving the result a~~
= —tang» = —0.28 + 0.12 at a mean photon energy
of 4 GeV. A recent determination of oI.p„at a
mean photon energy of 5 GeV, in a similar exper-
iment, " found o. » ———0.2 + 0.1. Another experi-
ment measuring the electroproduction of muon
pairs from carbon" obtained p pz 16 + 22

In order to look for variation of y p~ with in-
variant pair mass, the data e(rn') were fitted at
each mass setting. It was found, however, that
fitting by a function of the real part of the total
Breit-Wigner plus p-nucleon phase could not pro-
duce unique values of y» in the region of the p
mass [Fig. 2(b)]. The constraint that cp~„ is
mass independent provides a unique solution when
the total mass spectrum is fitted, corresponding
to the lower values of y».

The internal consistency of the data was checked
by fitting the cross-section combinations (da~
+ der~-)/2 and (da„+ —da,„-)/2 separately. The
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FIG. 2. (a) The asymmetry parameter e as a function of m . (b) The values of the phase p&z obtained by fitting
the individual mass points e(m ). The origin of the double-valued solutions is discussed in the text The .differen-
tial cross section as a function of invariant pair mass for (c) the Compton process including p~ interference and
(d) the BH-Compton interference process. The solid curves are the best fit to the total mass spectrum in each
case.

former combination was analyzed to obtain the
p-~ interference parameters. ' Fixing m

p
I'p',

m, and I at the above best-fit values, and
with a BH normalization of unity, the data were
fitted [Fig. 2(c)] to give y~ =115'~30' and y „'/
p p

= 6.3 + 2.1 . These results are consistent with
our previous values y& =100 3,'o and y '/y~'
= V.O+", „and may be compared with the values

= 41'+ 20' and y '/y p' = 9.4 ',",obtained at K
= 5 GeV elsewhere. " The phase is in agreement
with the value 118'",,'o' obtained using e(m').

The combination (do~+ -da„)/2 was fitted us-
ing the same fixed parameters and in addition'
with y' /yp'=V. O, y~'/4v =0.50, and [do„„/dt],—

=0.98 mb GeV ' nucleon '. The resultant phase
angles were yp& 14 1 5 5o pp 95 +13', and
the fit is given in Fig. 2(d).

A measurement of the interference of the Cou-
lomb and nuclear amplitudes in r'V forward scat-
tering" has obtained values of a,~„--0.2 which
with the additive quark model and vector-meson
dominance lead" to a value nppf 0 2 Two cal-
culations of the ratio n» have been made using
photon-photon total cross-section data, obtaining
the results"'" o, ~ = —0.32 and —0.30 at E=4
GeV. A'ssuming p-meson dominance it follows
that n p~ = n», and hence these may be consid-
ered as further estimates of 'Q ppf.

It is concluded that the photoproduction ampli-

tude of the p meson can be understood in terms
of vector-meson dominance, with the inclusion
of a significant real part whose sign and magni-
tude are consistent with real parts occurring in
hadron interactions, The large values obtained
for yp„are in agreement with the value obtained
in our earlier symmetric pair experiment which
was carried out under different kinematic condi-
tions. Such a value of y p

and the correspond-
ingly large value of y „are not able to provide
a value for y „by treating the effect due to the
complex nucleus in the same manner as for the
p meson. In fact, it is not possible to calculate
a value of y „larger than 45' for carbon, as is
also found elsewhere. "'" The difficulties of re-
conciling the large p-~ phase due to electron
pairs with that obtained for pion pairs has al-
ready been discussed in detail. '
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A new X* resonance which we denote Xs(1760) is observed. Its mass is 1759 +10 Mev
and its width 60 +20 MeV. We assign it to the natural-spin-parity series on the basis of
5-standard-deviation evidence for a Xw decay mode. Decays into X*(890)n and Xp with
the same mass and width are observed with 4-standard-deviation significance. It is sug-
gested that this state is the analog of the g meson. In addition, we see evidence for fur-
ther high-mass structure.

In this Letter we report the observation of a
new natural-parity K* resonance whose mass of
1759 + 10 MeV and favored spin and parity of
3 suggest that it is the strange component of
the g-meson octet.

We have studied 4030 and 558 events, respec-
tively' (8 events/pb nucleon) of the charge-ex-
change reactions

and

K'n-K rr'n p (visible vee) (2)

at an incident momentum of 9 GeV/c in the Brook-
haven National Laboratory 80-in. deuterium
bubble chamber. The cross sections for the two

reactions are 5'05+ 20 and 210+30 JL(b. In Reac-
tions (1) and (2) all track ambiguities are elim-
inated if we require that the four-momentum
transfer squared l t I between the neutron and the
proton be less than 1 GeV~. With the imposition
of such a momentum-transfer cut, 3580 and 505
events remain in Reactions (1) and (2), respec-
tively. In addition, we have analyzed (from half
the film) 394 events' for the final states K'~ w'p

and K'v'~ p where the vee is not seen.
Figure 1(a) shows the Kw mass spectrum for

Reaction (1). We have fitted this spectrum with
a superposition of the Breit-Wigner distributions
for the well-known K*(890) and K„(1420) as well
as a fourth-order polynomial background. The
resulting curve (solid line) describes the data
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