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Regge-Pole Model with Absorptive Correction Cuts for ~' Photoproduction*
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A Regge-pole model with ~- and B-meson exchange and absorptive corrections for ~' photoproduction
on protons is reported. The calculation fits existing data between 3 and 16 GeV fairly well. Further experi-
mental checks of the model are suggested.

A CO'iSIDERABI. E number of data on forward
photoproduction of xo mesons at energies up to

4 GeV have been obtained in the last three years by
groups at DESY' and at CKA. ' These data have been
successfully interpreted in terms of a model involving
Reggeized c - and 8-meson exchange. ' The cv exchange
accounts for most of the cross section, but ~ exchange
alone would give a zero in the cross section near (—t)
=0.5 GeV', where the co trajectory goes through zero.
8-meson exchange ills in this dip, but with a 8 tra-
jectory lying below the cu trajectory, as has been used
in the 6ts of these data, the dip in the cross section near

(—t)=0.5 GeV' should become deeper as the energy
increases. Recently, an experiment has been reported
by a SLAC group4 which extends the range over which
the 7ro cross section has been measured up to 16-GeV
photon energy. 'Thereas the lower-energy experiments
cover the region of very small momentum transfer, the
measurements at the higher energies are only above

(—t) = 0.2 GeV-". The data at 6 GeV and below show a
dip around —k=0.5 GeV' but at A~=11 and at 16
GeV there seems to be no dip at a11. Furthermore, if one
.looks at all the w' data by plotting (s—m')'do/dt versus
—t, the experimental results seem to show almost no
energy dependence up to rather appreciable momentum
transfers. This is consistent with the exchange of an
eBective Regge trajectory with small slope and an
intercept near zero. If the data exhibit any energy
dependence at all, the dip region varies the most
strongly. This behavior of da/dk with energy seems
incompatible with the simple model based on Reggeized
co exchange. Of course, if a large amount of 8 exchange
is present, the energy dependence may be different, and
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be compatible with the data. However, a model with an
appreciable 8-exchange contribution is ruled out by a
recent measurement of the cross section for yp —+ map

with polarized photons with an energy of 3 GeV at
CEA. ' The results of this experiment' show that at the
point where the cv trajectory goes through zero the
asymmetry ratio Z= (a&—a «)/(a&+a~&) is roughly 0.5.
This implies that a&/a~i 3, i.e., the cross section is
dominated by natural spin-parity exchange. 7 It has
been emphasized recently by Richter' that these three
experimental facts, the disappearance of the dip at high
energies, the energy independence of (s m')2d&r/dt a—s
far as it is measured, and the ratio of a,/a.

„
in the dip

region put the Regge-pole model based on ~- and
8-meson exchange alone in reasonable doubt.

In the last two years, some authors have tried suc-
cessfully to supplement Regge-pole models with cut
contributions generated from absorptive corrections. '
The absorptive contributions add terms that are loga-
rithmically dependent on energy compared to the pure
Regge-pole terms (like genuine cuts in the angular
momentum plane). It is clear that the cut terms gen-
erated from absorption can 611 in dips, and give both
natural and unnatural parity contributions to generate
asymmetries and polarizations.

In this note, we report about a search to explain all
available ~ photoproduction data in terms of a Regge-
pole model based on ar, p, and 8 exchange, supplemented
with absorptive corrections of reasonable strength. It
is not our intention to present an accurate 6t to the
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data, but rather to study qualitatively whether the
three experimental facts mentioned above, which are
in conflict with pure co-, 8-exchange models, can be
reconciled with an ~-, 8-exchange model including cuts.

Our calculations are based on Reggeized Chew-
Goldberger-Low-Nambu (CGLN) amplitudes A&, Ao,
A 3, and A 4 as worked out by several authors some years
ago. The nonvanishing amplitudes for co (p) and 8
exchange have been parametrized as follows

(1) co (p) exchange:

7rau' 1 —e'~ s —u ~' f2„
(—t)—x„,

sinn. a 2I'(n+ I) 2so 2m

Ag= —(1//)Ag,

no.n' i —e' S—u
A4= — fg„X„.
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Here the residue for co exchange is factored into f» and
f~„,which are the Dirac and Pauli coupling constants,
respectively, and X„is the pcs~ coupling. Similar equa-
tions hold for the p-exchange amplitude. n' is the deriva-
tive of the trajectory at the oo (p) mass and m is the
nucleon mass. In this ansatz, the co (p) trajectory
chooses the nonsense mechanism. The extra factor (—t)
in A & is necessary to prevent a pole for t =0 in the ampli-
tude A2.

(2) 8 exchange:

man' 1 —e ' s —u 'fg

sin~n 2I'(n+ I) 2so 2m
(2)
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With the invariant amplitudes determined by (1) and
(2) the s-channel helicity amplitudes are easily calcu-
lated and from them s-channel partial-wave amplitudes
are obtained. These are corrected with absorption fac-
tors in the initial and final state. ' The absorption pa-
rameter C and the parameter f, (g'/e) which deter-
mines the proportion of initial- to final-state absorption,
both being defined in Ref. 10, have been chosen to
C=0.9, and f, (g'/e) = 1. C=0.9 corresponds to 30%
more absorption than one would infer from the value of
the total pion-nucleon cross section above 4 GeV. The
desirability of increasing the strength of the absorption
has been noticed previously. This effect can be due to
the contribution of inelastic states or, as noted in work
on elastic ~E and EE scattering, the eikonal model
gives an absorption which is larger than the value ob-
tained from o.z. %e therefore feel that C=0.9 is quite
reasonable. The value f, „(g'/e)= 1 is the pure vector-
dominance limit.

I I I I I I I I I I I I I
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I'IG. 1. Differential cross sections for pp ~ ~'p based on ~- and
p-meson exchange including initial- and fInal-state absorption for
E~=4 (solid line), 6 (dash-dot), 11 (dash-dot-dot), and 16 {dash}
GeV. The cross sections are not normalized to the measured cross
sections. The curves shown correspond to fl p

= 13.57.

Besides ~- and 8-meson exchange, the p' can also
contribute to ~' photoproduction. It is generally as-
sumed that the gpss coupling is smaller by a factor of 3,
compared to the ycoo coupling, and that fr, is also
smaller than f& On the ot.her hand, from analysis of
m-E charge exchange it is known that the p has a large
anomalous moment coupling to the nucleon. Therefore,
we also take into account p exchange and 6x the relative
sizes of the coupling constants in accordance with the
usualSUo (orquarkmodel) relation f» 3f&„X„=3——X,.
The trajectory of the p is well known from m-X charge-
exchange analysis and is taken as up=0. 50+0 79t."
The co trajectory is n„=0.45+0.9t which is roughly the
same as has been used in analyses of other processes
based on Regge poles and absorptive correction cuts. "
Furthermore, we put f2,/f~, =11.8,"f. =0, and so ——1
GeV'.

To see the effect of the absorption on the c. and p,
both of which have natural parity, we calcula, ted
(s m')'do/d—t for the energies E„=4,6, 11, and 16
GeV and the asymmetry Z= (do&/dt do ~&/dt)/(d—o&/dt
+do~~/dt) for three representative energies E~=3, 4,
and 16 GeV. The results are shown in Figs. 1 and 2. %e
observe that the absorption effects fill in the dip but
that (s m')'do/dt is roughl—y independent of energy in
the dip region and around the second maximum for the

"F. Schrempp, Ref. 8; R. C. Arnold and 3I. L, Blackmon,
Ref. 8.

"M. L. Blackmon and G. R. Goldstein, Ref. 8.
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F&G. 2. x0 photoproduction cross sections with polarized photons:
&=(der/dt —dell/dt)/(dogdt+dofI/dt) for E„=3(solid line), 4
{dash-dot}, and 16 (dash) GeV for the same model as in Fig. 1.

energy range considered. "Since the experimental data
show that the dip disappears with increasing energy,
~ and p exchange plus their absorption-cut contributions
are not sufi. cient. This can also be inferred from the
asymmetry shown in Fig. 2. The absorption eGects to
co and p produce some unnatural-parity contributions
around —t =0.5 GeV' but not enough to account for the
observed asymmetry, which is as low as 0.4 at —t =0.7
GeV' for E~=3 GeV.~"4 Therefore, a trajectory with
unnatural parity is needed to account for the minimum
in Z for E~=3 GeV. It must have negative C parity and
couple to the photon and the pion. The only candidate
available is the 8 meson. There is no experimental evi-
dence for the trajectory of the 8, although recent theo-
retical investigations of Regge-behaved crossing-sym-
rnetric amplitudes indicate that the slope of Regge
trajectories might be universal. '~ %e 6nd that a 8
trajectory with slope about 0.9 GeV ' mill not 6ll in the
dip near 0.„=0,and so we must choose a small slope,
thus giving a rather high-lying trajectory: a&=0.4
+0 4t With coup. li.ng constants f&,=4.88 and X, deter-
mined in such a v ay that F(p —+ vrp) =0.13 MeV, X&fs
= —30 GeV ', we computed da/Ch for the lower energies
8~=3, 4, 5, and 5.8 GeV shown in Fig. 3, together with
the experimental data from DESY and CEA."The
results for (s nP)'d~/Ch at E~—=4, 6, 11,and 16 GeV are
compared with the DESY' and SLAC4 data in Fig. 4.
The asymmetry, calculated for E~=3, 4, 6, and 16 GeV,
is given together with the CKA data at E~=3 GeV ~ 6 in

"This behavior of (s—m'}'do-/dt does not change appreciably
if we increase the absorption to C=1.5. Then the minimum is
somewhat shifted to smaller —t values, but (s—m'}'der/cgt is still
constant in s around the minimum and second maximum between
6 and 16 GeV.

'4Ef C is again increased to C=1.5, the minimum of z near—t=0.5 GeV is decreased, but at E~=6 GeV, for instance, Z .
changes only to Z . =0.91 at —t=0.32 GeV', instead of Z .
=0.96 at —t=0.44 GeV' for C=0.9.» M. Ademollo, G. Veneziano, and S. Weinberg, Phys. Rev.
Letters 22, 83 (1969};C. J. Goebel, M. L. Blackmon, and K. C.
%ali, Phys. Rev. (to be published).

Fig. 5. The fit to the low-energy cross sections do/df is
reasonably good and somewhat better than the old
s&+8 models without absorption. ' The asymmetry data
are not completely reproduced. The minimum of the
theoretical curve is lower and shifted to a smaller It I
value if compared to the measurements. The energy
dependence of (s—m')'do /dt between 4 and 16 GeV is
roughly reproduced by our model up to the highest I

t
~

values measured. The energy spread of the data around
—t=0.6 GeV' is somewhat larger than what the theo-
retical curves show, but still roughly compatible inside
the errors. The data seem to indicate that (s m'—)'do/dt
for E~=6 GeV is smaller at —t =0.5 GeV' than the same
quantity for E~=4 GeV. This behavior is not seen in
the theoretical curves, but data with higher accuracy
are needed before a clear discrepancy can be established.
Since we have chosen for the co- and 8-meson tra-
jectories an intercept around 0.4, the cross section
(s m')'da/—dt has its largest s dependence in the forward
momentum-transfer region bel.ow —t=0.2 GeV'. In
this region only one measurement has been made at
E~= 1j. GeV and —t=0.2 GeV'. The experimental point
is about three standard deviations from our theoretical
curve for E~=11 GeV. Any claim that (s m')'d&r—/dt is
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Fro. 3. Differential cross sections for yp —+ x p based on cu-, p-,
and B-meson exchange including absorption effects for E~=3, 4, 5,
and 5.8 GeV, as described in the text. The experimental points
are from Refs. 1 and 2.
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independent of energy for small t can rely only on this
one point. Clearly, extensions of the high energy mea-

surements into the momentum-transfer region around
—t=0.1 GeV' could settle the question whether the co

trajectory has a form as currently believed, and as-

sumed in this calculation. The energy dependence of the
asymmetry is also interesting. In our model, the
B-meson contribution becomes more and more impor-
tant with increasing energy in the dip region around
—t=O.S GeV'. Therefore, the minimum in the asym-

metry Z increases with s, and Z eventually turns nega-
tive. Measurements of Z for energies around E~= 10
GeV would be very helpful to prove or disprove our
co-8 interference model. For the ~- and B-meson tra-
jectories that we have chosen, the absorption is essential
in order to it the asyzimetry Z for E~=3 GeV. Kith no
absorption, our choice of parameters gives Z; =—0.7
near —1=0.5 GeV, even for E~=3 GeV. This behavior
is to be expected since the p contribution we introduced
is not strong enough to overcome the unnatural-parity
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Fic. 5. Asymmetry Z for 8~=3 (dash-dot), 4 (dash-dot-dot),
6 (solid), and 16 {dash) GeV for the same model as Fig. 3 and
Fig. 4. The experimental data are'for E~=3 GeV and are from
Ref. 6.
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Fn. 4. ~' photoproduction cross section for 8~=4 (dash-dot),
6 (dash-dot-dot), 11 (solid), and 16 (dash) GeV for the ay-, p-, and
8-meson model compared to the data of Refs. 1 and 4.

contribution of the B meson near n„=O. Therefore, we
suspect that without absorption it is impossible to 6t
the asymmetry parameter Z near 0.„=0and simul-
taneously to make the dip in the cross section go away
for high energies. Furthermore, in m photoproduction
on neutrons y+n ~ x +n, the interference between the
co and its cut on one side and the p- and B-meson contri-
bution and their cuts on the other side has the opposite
sign compared to p+p-+ no+p. Therefore, measure-
ments of p+n —+ H+n would be very helpful to es-
tablish the isospin content of the amplitudes which
interfere with the ~ and its cut. The Bmeson contributes
to the isoscalar part of the photoproduction amplitude.
Therefore, it will cause a difference in the cross sections
for y+p~ 7r++n and y+e —+ ~ +p. Since for the
moment we have no reliable model based on Regge ex-
changes and absorption which describes the isovector
part for these two reactions, we do not know whether our
choice of B-meson parameters can account for the ob-
served difference in m-+ photoproduction cross sections.


