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ABSTRACT

We use a Regge pole model to describe
the W photoproduction data. The unnatural
parity exchange contributions are found to be
t channel helicity conserving, and we argue
that 7T exchange is unimportant in this
reaction. The existing data indicate that
natural parity exchanges do not conserve s

channel helicity.
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The discovery 1) of s channel helicity conservation (shc) in
rho photoproduction has led to the suggestion 2) that perhaps shc is a uni-
versal feature of Pomeron exchange. Therefore it is of interest to examine

the omega photoproduction data. A description of the reaction

X+p — w+p (1)

is not as simple as one of ? ° photoproduction, since, in reaction (1), the
contributions from isospin one exchanges (and, therefore, from unnatural parity
exchanges) are expected to be important at intermediate energies, whereas, in

*)

%1)-* f op, these exchanges are suppressed .

The differential cross—section (dcs) for reaction (1) has been
measured 5)—7) at energies from 1.6 to 7.5 GeV, and there are preliminary

measurements at 9.3 GeV by a group at SLAC 8). The dcs at these energies is

still falling fairly rapidly with energy, and the data of Eisenberg et al. 5)
at 3.35, 4.2 and 5.25 GeV/c seem to indicate a very narrow forward dip at
|t| values of less than 0.02 (GeV/c)z. Unfortunately, none of the other

measurements extend to this small |t| region.

The most enlightening data are the density matrix elements mea-
sured at SLAC at energies of 2.8, 4.7 6> and 9.3 8) GeV in experiments with
linearly polarized photon beams. From these data, one can extract separately
the contributions from natural and unnatural parity exchanges by using the

result 9) that

f::f\: L(pam -1 -LM‘B (2)

* .
) This statement follows directly from vector meson dominance (vmad) 3). In
particular, :

2 deae) / M Opsop) XS L
Mo (Xp=2p°p) P’lof‘ép—" wp) Xp" 1

where M7(¥p -~ v°p) represents the contribution of isospin I exchange to
the { p — VOp amplitudes ; the vmd relation has been written as

B - T e« JB 1y - B 1)

4)

and the numerical value of ¥3 /'{(f is the standard sU(3) prediction.



_2_

where the upper (lower) sign refers to the contribution from natural (unnatural)
parity exchanges and we have adopted the formalism of Ref. 9). The results of
this separation are shown in Fig. 1 for the natural parity exchange in the
helicity frame *) and in Fig. 2 for the unnatural parity exchanges in the
Gottfried-Jackson frame. We observe that the natural parity contributions

to the ‘Kp —w p density matrices in the helicity frame **) do not exhibit

the simple empirical regularity found in the f’o photoproduction density
matrices 1). On the other hand, the data on the unnatural parity density
matrix elements show a simple regularity in the Gottfried-Jackson frame, namely,

o(~) = Re ?§-> = f‘?g;) ~ 0 with o () non-zero and approximately

00 11
constant in t. This result implies that the unnatural parity exchanges in

reaction (1) conserve t channel helicity, i.e., are thc, at the ‘bd vertex.

Furthermore, we argue that the - p = -1 contributions must be

due to A rather than T exchange for the following reasons :

1’
1) in order to satisfy the threshold relations at t = O, be consistent with
factorization, and produce forward peaks in reactions such as pn - np,
¥N >N, and N - f N, T exchange must be absorbed ; absorption
necessarily destroys the thc properties of T exchange ; this is apparent

in N —*f N where the measured 10) TP = -1 density matrix elements

are not thec ;

2) we naively expect the Tv contribution to the dcs to decrease rapidly with
2
t (Net/m" ), whereas the ~ P = -1 contributions to the ¥p — wp dcs

have approximately the same t dependence as the TP = +1 contributions.

In terms of the t channel helicity amplitudes, Mt >§'>‘N ;Ah:A"
the t channel parity conserving helicity amplitudes (t-pcha), M5 can be

written as

+ t )c,J N t
M»)* = M)S.)\g,kw)\ + ('..‘S M-\L~A~,>\Q>\~‘

where

*)

For the definitions of the various reference frames, see, e.g., Ref. 1).

*
) We have also looked at the P O(T) in the Gottfried-Jackson and Adair frames,
and found that they are not simple in any frame.



..3_
and we have used the phase convention of Cohen-Tannoudji, Morel and Navelet 1)

rather than that of Jacob and Wick 12).

) The results of Ader, Capdeville and
13

Navelet then enable us to write down the +t channel kinematic singularity-

free parity conserving helicity amplitudes (t-ksfpcha), Fjix , 1l.e.,
-1 +
o (ki) M

where the Kfm> 's are taken from Ref. 13). The Ff;k 's can then be

Reggeized according to the prescription 14)

) . BA: @ = e:,.,,,LM oL () = N
PR T laB e1- ) sim et (F)
where
M T owax (A , v E%_::f 5 T

is the signature of the exchanged Regge pole with trajectory ot(t) = oL+ Rt
and residue function ﬁ“f (t). Once the kinematic constraints 13) at t
channel thresholds and pseudothresholds (t = O, mi , sz) have been imposed,

the Reggeization procedure is complete.

For detailed analysis, we have parametrized the Pomeron contribution
to each t-pcha in “p - Wp as a constant parameter times the corresponding

shc amplitude, i.e.,

M,‘i) Csw c.\

\\4
M»X = U

with Too =1 *>. The deviations of the TN from 1 then directly represent
the extent of shc violation in ¥ p — wp. We have assumed exchange degenerate
P' and A2 trajectories, but have made no assumptions as to their couplings

to different helicity amplitudes. For the reasons discussed above, we have
assumed the P = -1 contributions to be thc at the Y vertex and to be

due to A1 exchange. The trajectories used in our fit are listed in Table I.

*
) Attempts to fit the data with an shc Pomeron, thc A

city couplings for P' - A2 were unsuccessful.

and arbitrary heli-
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We have used this Regge model to fit the dcs data above 3 GeV
and the density matrix elements at 2.8 and 4.7 GeV. Our fits are shown in
Figs. 3 and 4, and the values obtained for r ,) are presented in Table II.
We note that the fits extrapolate very well to the)dcs data from 1.6 to
15

3.0 GeV, in agreement with duality expectations The most violent disa-
greement between our fits and the data occurs in the small [tl region for
91_1 and Imff_1 at 2.8 and 4.7 GeV where the data are zero, whereas, in
the forward direction, angular momentum and parity cconservation require that

? 1_1 = -Im f?q = % From a strong |t| dependence of our A1 contribution,
i.e., |t|e(t) sin®, at small |t|, we have succeeded in reproducing the

forward dip.

We conclude that a Regge pole model car describe the w
photoproduction data, but that the Pomeron is not shc at the ¥w vertex.
Furthermore, the unnatural parity contribution nust be due to A1 exchange
rather than T exchange.
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TABLE I : REGGE TRAJECTORIES

2
ol A= -0.02 + %
1
TABLE II : VIOLATION OF SHC FOR THE POMERON

I")O =0

I‘01 = 0.839
I"11 = 6-97
I‘02 = 1.67

r =
12
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FIGURE CAPTIONS
Figure 1 Natural parity exchange W density matrix elements in the
helicity frame.

Figure 2 Unnatural parity exchange W density matrix elements in the

Gottfried-Jackson frame.
Figure 3 The ‘ﬁp — Wp differential cross-section.

Figure 4 The W density matrices in the helicity frame.
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