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PHOTOPRODUCTION OF VECTOR MESONS AND b,(1238)
IN HYDROGEN AND DEUTERIUM AND THE pry WIDTH
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In a study of the photoproduction reactions + p 6++ and yn co 60 at 4.3 GeV, we
obtain a substantial cross section, 1.8+ 0.4 pb, for the first reaction and an upper limit
of 0.5 pb for the second. If one-pion exchange dominates the above reactions, then by
SU(3) one predicts v 60:p A"+=2:1. We believe that the discrepancy between theory
and experiment is due to exchanges other than x mesons contributing to charged p photo-
production, thus making the derivation of 1 (pvy) from it rather unreliable.

We wish to report here the results of a yp and

yd bubble-chamber experiment at 4.3 GeV in
which the photoproduction of vector mesons (p, ro)

and 6(1238) baryons is studied. We shall present
here our results on the following reactions:

yp-p & (1)

-p'~' (~' p'r-,rrrrr), (2)

(3)

(4)

These reactions are observed in the final states

yp-prr s n',

n'F F 'F

yn-Irrf ir rr

(6)

(7)

(8)

(9)-p7r r 77 7r'.

The special interest in the above Reactions
(1)-(5) arises from the fact that by proving them
to be dominated by one-pion exchange (OPE), one
could attempt to determine from their study the
unknown' ps'y width, I (prry). From SU(3) one ex-
pects' that I (vrry):I'(prry) =9:1. Since the u;rry

width is known' to be =1 MeV, one expects I'(prry)
to be about 0.1 MeV —namely, very small, and
thus presumably its direct measurement will not
be possible in the near future.

Indeed, in several experiments' ' the observa-
tion of Reaction (1) above was reported. By as-
suming the reaction to be governed by OPE mech-
anism and by using absorption models, various
estimates for I'(prry) were given (between 0.1 and
0.3 MeV). We note, however, that the same OPE
assumption, plus SU(3), leads also to the predic-
tion that the ratio of ~'6'.p 6" production, Re-
actions (4) and (1), should be 2:1. This predic-
tion seems to be very badly violated in our pres-
ent data, as will be shown here.

The experiment was performed by exposing the
Stanford Linear Accelerator Center's 40-in. bub-
ble chamber, filled with hydrogen and deuterium,
to a 4.3-GeV quasimonochromatic photon beam
obtained by the annihilation of 8.5-GeV positrons
in a liquid H, target. The beam and experiment
were described elsewhere. "Altogether we had
about 400000 yp pictures and 170000 yd pictures.
Partial results from the yp exposure were pub-
lished previously. '

Earlier yp experiments in which the observa-

Table I. Summary of two-dimensional fit to the data on Reaction (6).

Final state
Expected relative yield

by OPE and SU(3)
This experiment,

4.3 GeV

Observed cross-section
(ub)
Ref. (6),

3.5-5.8 GeV
Ref. (3),
5.25 GeV

(a) p A++

(b) P 4+(P7t, nz+)

(c) p+A (pz )
(d) ~ b, (pz )

(e) p'a'(ps )

(f) ~'p (O~E)
(g)p p

9
6
1

18
2

~36
8

1.8 +0.4
0.3 +0.2
0.3+0.2

&0 5R

&0 5

0.8 +0.3
0.5+0.3
0.6 +0.3

&0.4

0.6+0.6

~0
0.4 +0.4
0 +0.5

~90% confidence limit.
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tion of Reactions (1)-(3) was reported" were
done in bremsstrahlung beams. Since in all the
above reactions a neutral particle is contained in
the final state, the kinematical fits were uncon-
strained (OC) fits. This resulted in the contami-
nation of the above channels by up to 50% multi-
neutral final states, which, we think, made the
results less reliable. More important, not being
able to measure Reaction (4), the earlier experi-
ments did not determine the ratio R = I'(~II) )/
I'(pII) ) experimentally and in order to estimate
I'(pII'y) one had to rely on the absolute magnitude
of the final-state absorption calculations and on
the OPE assumption.

In the present experiment the photon energy
for the annihilation events is known to better than
+2.5% and thus Reactions (l)-(5) are all kinemati-
cally constrained (1C) and all multineutral final-
state events are removed from the sample. Also,
in the monochromatic yd experiment we attempt-
ed to measure Reaction (4) and thus get the ratio
R directly.

The scatter plot of M(pII') vs M(ii n') in chan-
nel (6) is shown in Fig. 1(a). The projection
along the II' m' axis is shown in Fig. 1(b) and
along the piI' axis in Fig. 1(c). It is clear that
we observe an enhancement in the joint region
6"p, proving a substantial production of Reac-
tion (1). A two-dimensional fit to the data of Fig.
1 led to the results which are summarized in Ta-
ble I. In addition, we have some indications for
the production of p'b, ' and p'6', Reactions (2)
and (3), in channels (6) and (7). These are also
summarized in Table I. Note that our cross sec-
tions for p 6" production are significantly high-
er than those of Refs. 3 and 6.

If, in addition to the SU(3) prediction for the
ratio R of 9:1, we assume that OPE governs Re-
actions (1)-(5), we obtain the theoretical ratios
between the various reactions as listed in Table
I (upper part). Thus, a measurement of these
ratios should test the assumptions.

Our yd results, relevant to Reactions (4) and

(5), are shown in Fig. 2. A clear v' signal pro-
duced in channel (9) is evident [Fig. 2(a)]. We
obtain from it o(yn- &uoPn)=1. 8+0.5 y. b. In the
present experiment (18.5 events/pb) we should
have expected, according to Table I, about 67
+ 15 v'LF(Pm ) events. The invariant-mass plot
M(pII ) for the rv' events of Fig. 2(a) is shown in
Fig. 2(b) (shaded). It is evident that no 6' peak
is observed and in fact only 2-3 events fall in the

region, clearly violating the OPE prediction.
In order to test the validity of the OPE-domi-
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nance assumption in other channels, we have also
summarized in Table I the cross sections ob-
tained for V+ 6 and V +N production in the pres-
ent experiment [Figs. 2(c) and 2(d)] as well as in
other experiments. The uPp which is relevant
for our comparison is of course the OPE contri-
bution only, which was isolated from the diffrac-
tion part. "Reactions (f) arid (g) in Table I are
internally related by the above OPE and SU(3) as-

FIG. 1. Production of p
&++ in Reaction (6), yp ex-

periment. ~ P events removed from the sample.
(a) Scatter plot of M(Px+) vs M(71 7I ). (b), (c) Projection
of (a) on the M(~ 71 ) and M(P7I+) axes, respectively.
Curves are results of a two-dimensional fit to phase
space and single- and double-resonance production.
Shaded area: M(m w ) for the &++ region [M(Pz+) =1.15-
1.30 GeV)] and M{Pn+) for the p region [M(~ vr ) =0.69-
0.8» G Vl.
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FIG. 2. Resonance production in Reactions (8) and (9), yd experiment. Curves are results of best fits of the data
to invariant phase space and resonances. (a) ~, (b) p7t in Reaction (9), and (c) p, (d) pT( in Reaction (8). Shaded
areas: (b), M(pir& ) whenM(ii+ii2 ii ) =0.75-0.85 Gev (~ region); (d), M(pii& ) whenM(ii+ii~ ) =0.7-0.8 Gev (p re-
gion).

sumptions. In order to relate (a)-(e) with (f) and

(g) we may use the n'-induced vector-meson pro-
duction reactions with the same lower vertices.
Consider the ratio of the OPE part of yp- &u'p to
yn —u&'bo [Reaction (4)]. By assuming (1) factor-
ization, (2) complete OPE dominance, and (3)
similar final-state interaction (elastic scattering)
of vector mesons on nucleons and on 4, we can
write'

yp-~'p 9 ~'p-p'p
yn - idol'(pii ) 2 ii'p -p'a" '

From experimental data' on ii'p reactions be-
tween 3 and 5 GeV/c, the p'p/p'6" cross sec-
tion ratio turns out to be =~. Also, both of these
reactions seem indeed' to be dominated by QPE.
Thus, the overall ratio (11)becomes =2 and we
obtain the desired expected connection by OPE
between the upper part and lower part of Table
I (column 2).

Inspection of Table I reveals several interest-
ing points. First of all, clearly the experimen-
tal cross sections (though they are still statisti-
cally poor) agree rather badly with all the theo-
retica. l OPE and SU(3) predictions. The rela-
tions are particularly bad if one considers the fi-
nal states (a), (c), (d), and (f), which involve n&'

and charged-p production. Second, one notices
that the relative relations involving only neutral
vector-meson production, (b), (d), (e), and (f),
are satisfied within the rather small statistics.
Since in these reactions vector-meson exchange
is forbidden (by charge conjugation), one might
conclude that these reactions are indeed dominat-
ed by ii' exchange (and A,' exchange is weak). In
the charged-p production reactions one probably
has a substantial p-exchange contribution (one-
vector exchange, OVE) and this is the main rea-
son for the breaking of the relations of Table I
between the charged and neutral vector mesons.
Note that by further assuming that the m and p ex-
change may be added incoherently (being unnatu-
ral- and natural-parity exchanges, respectively),
the ratio 9:1 of Table I between (a.) and (c) (p b."/
p'b. ') should remain valid. In the present experi-
ment the data are consistent with this prediction
(Table I). The relation of (a) and (c) with the fi-
nal state (g), (p p), is more complicated (for a
mixture of OPE and OVE) and must involve more
assumptions and more data from other experi-
ments. These make it very uncertain and thus it
will not be discussed here.

Finally, we wish to comment that not only the
relations of Table I involving p' seem to be vio-
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lated but also the decay distributions are not

properly predicted when we assume pure QPE.
A standard OPE calculation of Reaction (1), in-
cluding final- state absorption corrections, '
yields the following spin-density matrix elements
ln the Jackson system for the 6 P7l' decay:

pyy 0o44, Rep, , = -0.02, and p„=-0.04. Qur re-
spective observed experimental quantities are
0.28+0.10, 0.1+0.1, and 0.37+0.10. Similarly,
for the p -m mP decay the QPE calculations
yield ppp 0 06 Repjp 0 02 and py y 0 01 and

the respective measured values are 0.2V + 0.14,
-0.03+0.10, and 0.08+0.10 (~t~ «0.5 GeV'). This
shows that Reaction (1) must have a substantial
QVE component" and this probably also explains
the discrepancies between theory and experiment
which are summarized in Table I. If we try to
fit our observed do jdt for Reaction (1) with the
QPE curve, ' we obtain a reasonable fit for the
shape with I (pry) =0.1-0.4 MeV.

Conclusions. —(1) Our experimental results on
the photoproduction of ~'6p are in bad disagree-
ment with our charged-p production in Reaction
(1), if we assume OPE and the usual 9:1 ratio for
I'((sly): I"(pry).

(2) The disagreement seems to stem from the
fact that Reaction (1) is not the result of pure
QPE and contains a substantial contribution from
other exchanges. Therefore, all previous esti-
mates of I"(pry) based upon Reaction (1) and OPE
calculations are doubtful.

(3) The best way to test the 9:1 ratio, and

therefore to determine I'(pry), is by measuring
the ratios of p 6', (A& 6', and p 6' photoproduc-
tion. Our present experimental limits (Table I)
are consistent with 9:1, but by no means prove it.
%e plan a new yd experiment with about four
times our present statistics, in order to investi-
gate better all the above points.
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