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ABSTRACT

We suggest the experimental determination of the spin dependence
of y photoproduction by measuring the decay angular distribution for
P —-»£+!Z_. Theoretical expectations for the density matrix are explored
in the context of several models for i photoproduction. In the threshold
region, the phenomenological models indicate a substantial breaking of
helicity conservation whereas vector-gluon exchange models conserve
helicity. Spin measurements can thus provide a test for the gluon

exchange approach.
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In attempting to understand the nature and interaction of the recently dis-
covered  particles [1], one is naturally led to compare their properties with
those of the lighter vector mesons. Experiments have provided enough data to
facilitate comparisons involving decay widths and branching ratios, as well as
photoproduction and hadroproduction cross sections [2] . However one kind of
experimental information which is available for p and w, namely photoproduction
density matrix elements [3], is conspicuously lacking for the y's. It is the
purpose of the present note to show how the density matrix for photoproduced
Y's can be determined by measuring the decay angular distribution of the leptons
iny— !Z+f, and to investigate the theoretical expectations for the spin dependence
of y photoproduction. For the latter study, we concentrate on a picture in which
the y is assumed to be a nonrelativistic bound state of a charmed quark-antiquark
pair. In photoproduction, the produced cc pair is taken to interact with the
nucleon by exchange of two colored vector gluons, as is shown in fig. 1. This
""quantum chromodynamics'-type picture for y photoproduction is motivated by
the charmonium model [ 4] of the y and the Low-Nussinov model [ 5] for the
Pomeron. To put our results in perspective, we also briefly analyse several
other models for y photoproduction, and compare results for the y with those
for the p.

To begin our discussion of the decay angular distribution [6], we note that
Y — e+e—, u+p.— are the largest single i decay modes, and can be observed in y
photoproduction. Therefore, we first discuss the decay angular distribution for
V— £+ﬂ.- using the formalism of ref. [7]. In the helicity frame of the vector

meson this quantity is given by

dN
doos 6dg - (0, ¢) = > X <AA_IMIAG> oy 3 <Ay |M+|7\+7\__> , (1)

M A vV



-3

where p represents the spin density matrix for the process

v&) + Np) — V(k') + N(p") ,

Zj~
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v Ny ;

N is a normalization factor. Assuming that V — £+£_ proceeds through a photon,

the sum over the lepton and vector meson helicities in (1) leads to the normalized

angular distribution
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It is convenient to form the standard decomposition [7] of p(V) in terms of the

polarization vector of the photon, '—137:

3
o o o
p(V) =p +ZPy-p . (4)
a=1
The corresponding decomposition of the decay angular distribution is

3
W, ¢) = W(6, ¢) + Zl PY. W6, 9) (5)
a:

where, from (4), we have
0 _}_( 0 > l( 0 > 2
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Note that from (5) the decay angular distribution for photoproduction with unpo-
larized photons is given by WO(O, ¢). Therefore, information on the density
matrix elements pg 0’ Re pgo and 92-1 can be obtained from experiments with

unpolarized photons.

For photoproduction with a linearly polarized beam, one obtains [7]

wh(6, 6,8) = w'(o, ¢) - P cos 22 wl(e, 9)

- P sin 28 w20, 4) (7)

where @ is the angle between the polarization vector of the photon and the pro-
duction plane.

What behaviour may be expected for i photoproduction density matrix ele-
ments? Data [3] for pO and ( photoproduction at SLAC energies (s 20 GeVz,
-t<1 (GeV/c)z) are consistent (within 10%) with s channel helicity conservation
(SCHC). The diffractive-like s and t dependence of these processes therefore
suggests [8] that SCHC is a general feature of diffractive scattering at high
energies, as has been borne out in a number of other reactions. Naively one
thus might expect SCHC for y photoproduction. On the other hand, decay widths,
masses and production cross sections differ to such an extent from the corre-
sponding quantities for the lighter vector mesons, that extrapolating from the

spin dependence of p photoproduction seems highly questionable. Furthermore,
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at SLAC energies the yN threshold is nearby; in fact the data [2] for o(yN — yN)
show a strong rise near threshold and the onset of the asymptotic region is de-
layed until s > 30 GeVz. Here, we investigate these effects by studying, within
the context of several models, the influence of the vector meson mass on the
density matrix.

Our interest centers on the above-mentioned QCD picture shown in fig. 1.

We are aware that the neglect of multigluon exchange diagrams is not particularly
well justified here. Nevertheless we consider it worthwhile to investigate such a
picture, particularly since at large |t| the quark-gluon effective coupling constant
may be small due to asymptotic freedom [9].

Note that in fig. 1 we have eliminated a loop integration by ignoring the
binding of the cc pair. According to the nonrelativistic binding, we have parti-
tioned k' equally between the constituents of the . For simplicity, the nucleon
is treated as spinless.

Since the external particles are color singlets, the calculation proceeds as
in QED, except that, to avoid the infrared problem, we give the gluons a mass
ms. We sketch an outline of the calculation and refer the reader to ref. {10] for

details. The amplitudes of fig. 1 are given by

Ta=G';i-§-ﬁ2(€-k'-¢k)La v, (82)
V

To= G —g Gyl K- kv, (8b)
~My

Te=2-(}r-u2;léev2 , (8c)

where G is a constant. The amplitudes Tb’ T q and T,f are obtained from Ta’ Tc
and Te’ respectively by the interchange Py ~>-Py- The L]. (j=a,...,I) represent

the loop integrals. By use of Feynman parameter integrals, the amplitudes may



be cast in the form

1
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where, for example
Ma(ps Ol) = u2(€ : k"gk) Sa Vl . (10)

The $J. are functions of the a, and the pﬁi, where P, is the four-momentum of an
external particle. The Dj are the usual denominator functions, and involve the
o and the invariants of the problem.

In principle the Mj(p, a) could be evaluated exactly; however because of their
complexity we have expanded them in powers of s with the help of the algebraic
computer program REDUCE. Using well-known techniques [11], we have calcu-
lated the remaining parametric integrals to leading order in s, so that all helicity
amplitudes are correct to leading order in s. This approximation should be
reasonably reliable for s not too near threshold; for example, for i photopro-
duction we take s 2 30 GeV2.

As expected, we find that SCHC holds asymptotically in this model since the
nonflip amplitude T(1, 1)« s whereas the flip-amplitude T(0, 1) <const. at high
energy. We have performed a numerical study for finite s to determine whether
SCHC holds near threshold as well. Taking s=30 GreV2 and m,= 1 GeV, we plot
Pg 0 for y photoproduction (solid line) and p photoproduction (dashed line) in fig. 2.

The outstanding feature of these results is that SCHC is almost perfectly satisfied.

Note, however, that taking mq, = 0.2 GeV (dashed-dotted line) significantly changes

pg 0 for i) photoproduction. Inspection of the helicity amplitudes shows that
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Im T(1, 1) vanishes near m_=0.2 GeV implying that pgo‘z IT(0, 11 2/1T (L, 112

G
is enhanced. The vanishing of Im T(1, 1) is due to a cancellation between

Im T(1, 1) of diagrams (a~d) and Im T (1,1) of diagrams (e,f). The value of ms at
which this occurs is t-dependent. Note that, since photoproduction is not an
elastic process, the indefinite sign of Im T(1, 1) does not imply a viola;tion of
unitarity.

Although the enhancement appears quite substantial, pg 0 remains small
even at the peak, so that it would be extremely difficult to measure this effect
for y photoproduction. In principle, measurement of the t dependence of pg 0
would allow the determination of m. However, the main conclusion to be
drawn from our study is that SCHC is almost exactly satisfied in this model
even near threshold.

For comparison, we have investigated several other models for i photopro-
duction to check whether SCHC near threshold is a general feature. Taking the
gluons spinless in fig. 1 results in amplitudes of the same form as in (9), with
greatly simplified Mj(p, o) which we have calculated exactly. Taking the para-
metric integrals to leading order in s shows that SCHC holds asymptotically since
T(1, 1) e« const. while T(0, 1) « s—l. Nevertheless, as is shown in fig. 3 (curve 4),
near threshold SCHC for y photoproduction is substantially violated in contrast
with vector gluon exchange. Since the M].(p, a) are calculated exactly in this
model, we believe that our results are reasonably accurate even for s=20 GeVz.
As the energy increases, the SCHC limit is rapidly approached. For example,
at s=200 GeVz, pgo < 0.01 for 3 photoproduction.

Finally, we briefly mention two phenomenological models for vector meson

photoproduction. In one [12] asymptotic SCHC is put in by hand. However, at

=20 GeVZ we find that pg 0~ 0.1-0.2 for i photoproduction, which indicates that
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threshold effects are substantial (fig. 3, curve 2). Since s=20 GeVz is far from thres-
hold for p photoproduction, SCHC is well satisfied for this process. The second
phenomenological model [13] was constructed to incorporate many of the proper-

ties believed to be relevant in interactions involving currents; howeve}", asymp-

totic SCHC does not hold exactly in this model. Nevertheless SCHC is almost

true numerically, particularly when my, is large. For y photoproduction,

0
» Poo

(fig. 3, curve 3). Our third study involves a model [14] which assumes a

threshold effects enhance helicity flip, so that at s=20 GeV2 ~0,1-0.2
Pomeron with scalar spin couplings. From fig. 3 (curve 5) we notice again
a substantial deviation from SCHC.

In conclusion, we note that in the y-threshold region there is a considerable
difference in the pattern of SCHC vioclation. All phenomenological models, in
particular those with scalar 'objects' being exchanged, show substantial viola-
tion of SCHC whereas the vector-gluon exchange model, in strong contrast,
conserves helicity almost exactly (fig. 3, curve 1). Measurement of the density
matrix elements near threshold can therefore provide stringent tests for the

existing models and schemes.
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FIGURE CAPTIONS
Two gluon exchange diagrams for i photoproduction.
Two vector gluon exchange model predictions for pg 0 at s=30 GeV2 plotted
versus (-t). Predictions are for y photoproduction (solid line) and p photo-

production (dashed line) at m , =1 GeV, and for i photoproduction at

G
me = 0.2 GeV (dashed-dotted line).
Predictions for pgo at s=20 GreV2 (dashed lines) and s=30 GeVz (solid lines).

The gluon mass is m =1 GeVz. The models investigated are: (1) vector-

G
gluon exchange, (2) model of ref. [12], (3) model of ref. [13], (4) scalar

gluon exchange, and (5) model of ref. [14].
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