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I. INTRODUCTION

I've been asked to report on work done in the
Tagged Photon beam at Fermilaeb, and also to cover some
related contributions from Cornell. Since its incep-
tion, Fermilab's Tagged Photon Laboratory (TPL) has
seen three experimental setups. The first was the
Fermilab-Santa Barbara-Toronto collaboration which,
after some early ¥ photoproduction measurements,
settled into its main goal of precisely measuring the
total cross sections for hadronic photoproduction on
protons and nuclei. In the course of these measure-
ments, results were also obtained for the photoproduc-
tion of po, w and ¢ mesons.

The second setup was the Santa Cruz experiment to
measure elastic Compton scattering, and, more generally,
to study final state photons, 70's, n's (in the 2y
mode), etc.

Finally, and most ambitiously, the Tagged Photon
Spectrometer System recently installed - and in the
midst of its initial tests - will be a tool for study-
ing the details of final states.

Of these three projects, only the first has pro-
gressed to the point of physics results, so that most
of this talk will deal with those measurements. In
addition, I will report on some recent results on
vector meson electroproduction carried out on the LAME
detector at Cornell.

Processes induced by high-energy real or spacelike
photons can be thought of in two ways. One approach
emphasizes the "hadronic structure of photons": the
photon undergoes a fluctuation to a hadronic state,
which must interact with the target in order to mater-
ialize the hadrons in the final state. (This approach
can be useful in studying hadronic interactions which
may not be accessible with laboratory beams; it is
intended that the Tagged Photon Spectrometer will be
used in this manner to study charm, for example.) A
second approach regards the photon as a pointlike probe
to study the structure of a hadronic target. This is
the domain of the parton model and short-distance QCD.

That these may really be complementary points of
view, appropriate to different reference frames, has
been emphasized by a number of people, including the
review article by Bauer et al. (Grammer and Sullivan?
have demonstrated the resemblance of the pointlike
terms of a particular parton model to the high mass
sum of generalized vector meson dominance.) The
photon structure picture is most appropriate to the
target rest frame; especially when the time which a
hadronic fluctuation survives in this frame,

A S 2V (1)
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(for a photon of L-momentum q and energy v and a hadro-
nic state of mass M), is larger than the time it takes
to traverse the target. It is often convenient to
classify photon processes according to the somewhat
artificial division between the two points of view. 1In
this spirit, all of the topics I will discuss have
traditionally been dealt with in terms of the photon's
hadronic structure and hadron-like behavior.

II. TOTAL PHOTOPRODUCTION CROSS SECTIONS

A. Hydrogen Measurements

Perhaps the strongest high-energy evidence for
the hadron-like behavior of the photon comes from the
high precision measurements made at TPL of the photon-
proton total cross section (Fig. 1).3 (These results
were presented, although not in final form, at the
1977 DESY conference; everything else I will show post-
dates that conference.) It was known that below 20
GeV o falls in a manner similar to that of hadronic
total cross sections. In fact, the energy dependence
was well-approximated by an average of wtp and mp
cross sections (as suggested by the idea of p-domi-
nance), albeit 200 times smaller. The high energy
Yp data exhibit the characteristic behavior of hadrons
in that new energy-range: a rising total cross sec-
tion. A straight-line fit to the data at EY 2 35 GeV
has a slope 5% standard deviations from 0. The data
have systematic uncertainties estimated to be 0.7%,
of which 0.4% could be energy-dependent.
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Fig. 1. The total hadronic photoproduction cross sec-
tion from protons vs. photon energy (from Ref. 3, with
low-energy points from Ref. 5). The curves are
described in the text. EO refers to the electron beam

energy before tagging.

A general formulation of hadron-dominance for the
elastic Compton amplitude (to which 0., is related)
is shown in Fig. 2. H and H' are hadronic states with
the quantum numbers of the photon. The high-mass sum
may be redundant with a direct (pointlike) interaction.
In the most general form of vector meson dominance
(GVMD), this is written (for real photons) as

f
YP+YP

B

(At high EY , diffractive processes dominate, so one
has no p - wcross terms; there might, however, be some
w - ¢ mixing.) For diagonal GVMD, this implies

2
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For the po, w and ¢, one has quark model rela-

tions:
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Fig. 2 Hadron dominance for the yp elastic amplitude.

The solid curve of Fig. 1 represents the sum of Eg.
(3) for just these three mesons, using coupling
constants determined in A-dependent vector meson
photoproduction,“ and normalized to oy, below 16
GeV.3> (Normalization uncertainties are 1.4%.) The
same procedure using the (less justifiable) colliding
beam coupling constants® yields the dashed curve.
(Any attempt to normalize to all the data yields a
very poor fit,® even if, contrary to published syste-
matic uncertainties, one allows separate normaliza-
tion constants for the two experiments.)

The results imply an excess of 2 to 6 ub. To
the extent that the energy dependence of the cvp's
used are representative of "old physics," the eXxcess
might be due to something new, such as charm. Its
value is consistent with a charm-anticharm contribu-
tion predicted by several VMD models® and by at least

one QCD caleulation.”’ An alternative, suggested in a
contribution to this conference (Gotsman, Silverman
and Soni)®, is that the excess might be due to an
increase in the truly pointlike process of high-p,
QCD jet production (although their specific prediction
is sensitive to the choice of a p, cut, and one can
ask whether the total non-charm cross section would
show the increase).

B. Solid-Target Measurements
Measurements of photoproduction from nuclei pro-
vide another way to study the hadronic behavior of

the photon. The particular behavior observed is sgha-
dowing. Results can be displayed in terms of
Aeff - ch - cyA (5)
A Ao Ao, + (8-2)(c -0 )
YN Yp yn Yp

A bare (pointlike) photon would have Agpp/A = 1, while
shadowing means that Agpp/A<1.

The critical test here of hadronic structure
models is provided by the dependence of Aeff/A on the
photon's energy. Actual calculations are carried out
by combining such a model with the Glauber procedure
for hadronic interactions in nuclei. Excellent expla-
nations and detailed descriptions of this are available
in the review article by Grammer and Sullivan,? so I
will just make a few qualitative remarks here. For a
component of mass My, shadowing sets in at an energy
By~ M2y, where the mean free path for H in a nucleus
of uniform density n (nucleons per unit volume) is
Ly = 1/(nogy). At higher energies, the extent of sha-
dowing of this component is determined by the relative
size of QH and the nuclear diameter. In diagonal
GVMD using the p", w, ¢ and their recurrences, nearly
all shadowing should set in well below the energies
of the Fermilab experiment. Thus such models generally
predict Aeff/A fairly flat with EY in this region.

The apparatus is shown in Fig. 3. The central
counter (C) intercepted energy from noninteracting
photons and most e*e- pairs. Produced photons of
successively larger angles were detected in lead glass
arrays G2 and G3, and the 3-layer Pb-scintillator sand-
wich 81. Other hadrons entered hadrometers K and S3,
and sandwiches 52 and S1. G3 was preceeded by a set
of multiwire proportional chambers. The hydrogen
target (but not solid targets) was surrounded by 4

PHOTON BEAM

Fig. 3.

detectors are identified in the text.

Apparatus for the Fermilab-Santa Barbara-Toronto experiment, configured for E, = 90 GeV.
extended to H3, with helium from the MWPC's to C, the central Pb-scintillator counter.

Vacuum
The various hadronic
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recoil counters.®

Data were collected for Ho, and Cu at electron
beam energies Eg, = 40O, 60, 90, 135 and 200 GeV, and
for C and Pb at 90 GeV. Photons were produced in a
radiator 0.0107 or 0.0267 radiation lengths thick,
and tagged for E_ from 45% to 93% of Ey. Target
lengths were all 'close to 0.1 radiation lengths, to
keep pair rates about constant. (On Pb, the pair
rate is about 3000 times the hadronic cross section.)
The three sets of detectors labelled H1, H2 and H3
were independently moveable along the beam, to scale
positions roughly with E,. For nearly all cases,

S1 extended to > 90° in the Yp center of mass frame.
Hadronic events were explicitly detected. The details
of hadronic-electromagnetic separation and of the
various checks and analysis procedures are available
in our publications.3s10

Figures 4 - 6 show the cross section results, 10
along with some lower-energy data, 5,11 Systematic
uncertainty estimates are +1.3/-0.8% for C and Cu,
and +2.4/-1.1% for Pb. To compute A __./A from
Eq. (5) for our data, we have used our hydrogen
results (smoothed) for 0,,, along with the low energy
(SLAC) parameterization®

o -0 _ = (18.3 £ 6.1 ub GeV;’)//E? . (6)

YP n

Even if this were replaced by 0, most of our results
would be changed by < 2%. TFig. T shows the results
for Agre/A (with all tag bins at each of our E,'s
grouped to%ether), consistently defined for all data
displayed. 2 The Cu cross section tends to fall in a
domain in which Oy rises, resulting in the observed
increase of shadowing with energy.
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Fig. 4. Hadronic photoproduction cross section from

carbon (from Ref. 10, with Cornell and UCSB-SLAC
points from Refs. 11 and 5, respectively).

As implied earlier, this contrasts with published
VMD models. Fig. 8 is a summary from Grammer and
Sulliven? of a few of these models, with our points
added. The dotted curve is based on Ditsas and
Shaw's!3 application of the Fraas-Read-Schildknecht
"nearest neighbor" off-diagonal GVMD model, which
(aside from its use of a constant nuclear density, as
opposed to a Woods-Saxon form) is probably the most
complete. Effects like higher mass (cT etc.) states
and a rising ¢N cross section would be in the right
direction, but seem unlikely to be large enough to

produce the observed slope.
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Fig. 5. Hadronic photoproduction cross section from
copper.
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Fig. 6. Hadronic photoproduction cross section from
lead.

In hadronic total cross sections from nuclei,lu

a good fit to a Glauber description has seemed to
require the inclusion of "inelastic screening",!S an
effect which increases with energy (and tends to in-
crease the amount of shadowing). In forward HA scat-
tering, it involves the dissociation of H to H' at

one point inside the nucleus, and its recombination to
H at another. In photoproduction, this suggests the
importance of off-diagonal GVMD terms, so perhaps the
nearest neighbor form does not go far enough. Another
possibility to be taken seriously is that the Glauber
formalism itself may not be consistent with how
hadronic interactions actually occur.2s16 1n any
case, this rather muddy ball should now be tossed back
to the theorists.
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Fig. T. Energy-dependence of Aeff/A.

ITI, VECTOR MESON PRODUCTION

A. Electroproduction

I turn next to some recent results on w and p°
electroproduction from the LAME collaboration at Cor-
nell. The detector is shown in Fig. 9. The data are
at -q between about 0.8 and 2.6 (GeV/c)?, and W from
about 2 to 4 GeV. The events were fully reconstructed,
and represent the elastic process:

Y+p>V'+p.

For the p°, a fit was done to separate out not only
nonresonant background, but also a small contribution
from Am. Results are presented as virtual photopro-
duction cross sections in the usual form Oy = Op + €07,
(functions of Q% = -q? and W),where € for this experi-
ment = 0.75 to 1.0.

Fig. 10 shows the ratio cw/cp vs. Q* for several
W ranges, 7 along with some results from earlier
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Fig. 8. Comparison of Acre/A measurements with some
typical VMD predictions. Curves are from Ref. 2, but
the plotted data points have been adjusted for a con-
sistent definition of Asrr/A, as per Ref. 12. From
top to bottom, curves are: p + w + ¢ + pointlike;
diagonal GVMD with Woods-Saxon n; off-diagonal GVMD
with constant n; diagonal GVMD with constant n.

experimentsls’19 and pho‘toproduction.20 The relative
fractions of diffraction and one-pion exchange in w
photoproduction change considerably between the
different W's. The absence of observed Q2 dependence
in the plots leads the LAME group to conclude that the
two processes have similar Q2 dependences to each
other and to p° production.

More detailed studies are possible for the
much-studied18,21,22,23 process of p° leptoproduc-
tion. Data being presented now2™ represent full
statistics (twice as much as in the published ver-
sion?5 and with more complete snalysis). The p° fit
used a mass-dependent width and a mass-skewing factor
M /M2n)n; n was finally fixed at 1, a value deter-
mined by fits to be consistent with all the data.
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Fig. 9.

COURTERS

SCINTILLATION
COUNTERS

LAME Detector used in Cornell electroproduction measurements.
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Fig. 10. LAME results on the ratio of w to p°
electroproduction. Other data are from references

18 (DGH), 19 (SLAC B.C.), and 20 (SBT, photopro-
duction).
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Fig. 11. R = OL/O vs. Q2 for elastic p° electro-
production. Shown in addition to LAME data are

results from the DESY Streamer Chamber (DGH, Ref. 18),
SLAC Streamer Chamber (S-SC, Ref. 21), a SLAC counter
experiment (Dakin et al., Ref. 22) and a Fermileb
muon experiment (CHIO, Ref. 23).

Fig. 11 shows the ratio R = g /0, vs. Q%. The

LAME results are consistent with no W dependence for
< W>=2.11%0 3.5 GeV. It has been customary to
represent this ratio in the form EZQZ/M; with con-

stant £2 (a form suggested by VMD), which is reason-

able for Q% < 1 (GeV/c)2. However, it seems likely
that this increase does not persist to higher Q2.

The t distributions have been fit from -0.1 to

-0.6 (GeV/c)? to an Bt form. Fig. 12 shows the data
for B plotted vs. AT = 1/AE (a more exactly calculated
form of the At in Eq. (1)). Earlier electroproduction
datal8»21,22,23 gng photoproduction data20:26527 gre
included. The only deviations from constancy are in
the region in which this "formation time"' is < the
time it takes to traverse the target. There are some
discrepancies between the LAME data and DESY Streamer
Chamber data.l8 However, their Qz ranges overlap, and
high-energy data?? show no Q? dependence; so a Q° ef-
fect could not be concluded at this time.

Fig. 13 shows the new data (and most older data)
for o, + €0, vs. Qz. There could be 20% relative nor-
malization uncertainties between experiments, so
agreement is reasonably good. The LAME data itself
shows a decrease with increasing W, but not as much as
would have been expected from R* =0 photoproduction
and vector dominance.

To make this more quantitative, the LAME group

has divided their cross sections by the following VMD
form: ) .

*(Q%=0) B(Q%,W)[t_. (@%) - t_. (0)]

*(n2
py@” (M
(L +€R)
¢ ———————g(Q%2 =0, W)
1+ QZ/M;)Z

where p$ is the photon's 3-momentum in the yp c.m.

frame. The B values have been taken from LAME mea-
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Fig. 12. Slope of t-distribution for elastic I

electroproduction and photoproduction vs. "formation
distance" in fermis. Electroproduction references
are as for Fig. 11. Photoproduction data are from
references 20 (SBT), 26 (SWT) and 27 (S-ST).
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surements (Fig. 12). Based on Fig. 11, a parameteri-
zation R = 0.3 QZ/M?J has been used, although this

somewhat overestimates the highest Q2 point. Finally,

the real photoproduction data have been parameterized

as

30.8
v H

o(Q2=0, W) =9.3+ b.

The results are shown in Fig. 14, and imply some dis-
agreement with VMD, especially in W-dependence.
(Agreement would be better if Bo, i.e., the forward
cross section, were plotted.) Whether this is due to
the low formation times for these data or to some more
basic problem remains to be determined. In any case,
it seems as if VMD (at least in the form of Eq. (7))
does not well describe what ought to be the simplest
electroproduction process for it to deal with.
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Fig. 13. Elastic I electroproduction cross sections.

References are as for Figs. 11-12.

B. High-Energy Photoproduction

My last topic will be the high-energy measure-
ments of p°, w and ¢ photoproduct:i.on28 carried out in
Fermilab's Tagged Photon Beam. Here if anywhere VMD
should be applicable: At is comfortably large; and
the GVMD relation

£ = Z £ ¢
Yp »Vp 2Yyr V'p > Vp (8)
V!

reduces to a single term in the diagonal model.

The p° and ¢ were detected via the decays TT+1T_

and K+K-, respectively. The apparatus had no magnets
or Cerenkov counters. However, our full coverage of
the forward c.m. hemisphere allowed selection of
candidate events with exactly two tracks and no extra
particles. Under these conditions, a plot of the
track separation times their total energy (assumed to
equal the tagged photon energy) is an excellent sub-
stitute for the mass plots we could not make.
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Fig. 14. Ratio of LAME p° electroproduction cross

section to the vector dominance prediction of Eq. (7).
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Fig. 15. Idealized distribution (not to scale) of
normalized track separation for decays of ¢ and zero-
width p?

For a particle of mass M and energy E >> M
decaying to two particles of mass m # O, the track
separation at a distance z from the vertex is given
to an excellent approximation by

4z sind @I—_mz

A = P
E[sin20 + ( —3 )" cos?8]

(9)

where 6 is the rest frame decay angle.?® For the ¢,
this has a maximum value

z

A(9) 0y = 0.509 ¢ (10)

(E in GeV), whereas nearly all p° decays at M = Mp =
0.770 GeV have A > 1.435 (z/E).




The variasble R = A/A(¢)max eliminates most or

all E dependence, and for zero-width p0 and ¢ would
have the idealized distribution shown in Fig. 15.

In reality, the p° mass spectrum, geometrical accept-
ance, target length, beam size, and resolution in both
EY and A all affect this; a typical data plot (target-

empty rates subtracted) is shown in Fig. 16.

We fit the data with a Monte Carlo calculation
incorporating all those effects. Decays were gener-
ated assuming s-channel helicity conservation, and

with b(p) =
(Results were in-
We

. bt
cross sections were assumed o< e
8.5 GeV~2 and b(¢9) = 6.5 GeV~2,
sensitive to uncertainties in these numbers.)

included a contribution from e+e_ pairs in which one
member hadronically interacted. (Most of these were
suppressed by a cut on electromagnetic energy at very
small angles.) For the p® spectrum we used a S3ding
parameterization30 with a mass-dependent width.3!

The fit thus involved the two shape parameters and

+ - .
the amounts of p°, $ and e e . (A small fixed con-

K, > e K was also allowed
for.) The p° and e+e- Monte Carlo curves are included
in Fig. 16. The resulting ¢ spectrum with all other
processes subtracted is shown in Fig. 17; curves are
predictions assuming s-channel helicity conservation
(s061id) and isotopic decay (dotted).

tribution from ¢ > K

In addition to correcting for acceptance, decay
in flight, inelastic secondary interactions, the ¢
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Fig. 16. R distribution for Eq = 90 GeV p? and ¢

candidates, TPL photoproduction experiment. The

curves are discussed in the text.

branching ratio, etc.; it was also necessary to cor-
rect for events involving target dissociation with no
downstream products detected. The key here was that
elastic events fire n < 1 (usually 0) of the four
recoil counters, with computable probabilities;
whereas inelastic events almost always fire n > 1
(usually n > 2)., (Probebilities for the latter were
estimated using a simple Poisson model in agreement
with hadronic studies of target dissociation, and to
whose details we are not very sensitive.) The in-
elastic contamination amounted to 13% of the p° data
and 18% of the ¢ data.

Fig. 18 shows the p° cross sections along with a
sample of older data.23,32,33 Both p® and ¢ results
have a 5% energy-independent systematic uncertainty;
the p® has an additional 5% uncertainty due to ac-

ceptance. Using VMD and quark model relations at
¥ 1] ¥
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Fig. 17. R distribution for ¢ — K+K_ obtained by
subtracting fits to other processes from the data
in Fig. 16. The curves are described in the text.
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Fig. 18. Energy dependence of the elastic p° photo-
production cross section. Older data are from
references 32, 33 and 23 (top to bottom).
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fixed s and t, one can express the cross section in

+
terms of T p elastic cross sections:

2 | p¥ T _
2 (rp%p) = == | L | () + 2 (|| )
Ly2 | op¥
Yp PY

where p§ = 3-momentum of X in the Xp c.m. frame for

the fixed s.
purposes is:

A good enough approximation for our

0 e? g(r'p > m'p) + oln’p > 1 p)
o(yp>0’p) =
hyg P

(12)

This is plotted in Fig. 18 with vy2/Lm = 0.6L4, and
represents the data well. P

Fig. 19 shows the ¢ results, along with lower-
energy results?0532-3¢ gngq a curve parameterizing the
data shown.28® Our basic purely experimental result
is the rapid rise, which is in accord with the idea

that this process may be pure Pomeron. The predic-
tion analogous to Eq. (11) is
-
do 2 1 1 Ao, +
£ (yprgp) = — p¥ —= (K'p)
dt 2 (. xv2 |[°K ds
brg (%) L
(13)

a2
+ /g—g (K'p) | - p¥ ,/g—f (Tr'p)J-

We have evaluated o(yp = ¢p) from this by using

forward hadronic data,37’38 and taking an ebt form
for photoproduction with3* b(s) = 4.66 + 0.38 1n(s).
The resulting "data points" have been normalized to
the actual photoproduction data, and are shown in
Fig. 20 along with the curve (from Fig. 19) repre-
senting the photoproduction data. This procedure
implies Y;/hﬁ = 4,7 £ 0.3, as compared to 5.5 * 2.4

from ¢ photoproduction on nuclei (and 2.83 * 0,2

from colliding beams). The VMD-quark model prediction
is seen to be consistent with the energy dependence

of the photoproduction data.

For the w, we utilized the HOY decay mode, and
relied on signals in our Pb-glass arrays. (See
Fig. 3.) Again, our full coverage was used to select
candidate events for having 3 photons and nothing
else. Fig. 2la shows all three 2y mass combinations
for each event; Fig. 21b includes only the combination
nearest the m° mass. A cut on the latter from 80 to
220 MeV leads to the 3y spectrum of Fig. 22. Proper-
ties of events in the w peak are well simulated by
Monte Carlo calculations. The center of mass decay
angle distribution for w - WOY corrected for accept-
ance is shown in Fig. 23, along with the 1 + cos?8
prediction of s-channel helicity conservation.

Corrections were applied for acceptance, branch-
ing ratio, inelastics, and several small effects. The
inelastic contamination here was 26%, larger than for
the p? or ¢ probably because downstream particles
could not be as cleanly vetoed. (This is still a
reasonable amount, based on lower-energy measurements
and also on studies of target dissociation in hadronic
reactions.) The correction was checked by requiring
that the recoil counter which fired (if any) be op-
posite the w. The latter method was also used to
exclude inelastic events from t-distributions, shown
in Fig. 24 along with fits of the form do/dt =
AePt,  The average b = 8.42 * 0.7h GeV™2. Our values

cf b are shown with lower-energy results in Fig. 25.
The curve is roughly what one would expect from the

VMD-quark model relation analogous to Eq. (11) (with
Yy replaced by Yw)'

The integrated o(yp + wp) is shown in Fig. 26.
(Systematic uncertainties are about 8%.) The curve
is the prediction analogous to Eq. (12), with addi-

tional factors of (p;/p$)2 and e 0 !tmin , since we

are trying to carry the comparison to low energy.
Normalization to the TPL data has been achieved by
using yi/hn = 5.4 + 0.4. The curve is in agreement
with thé data if only natural-parity-exchange results
(thus excluding the one-pion-exchange process) are
used at the low energies.
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Fig. 19. Energy dependence of the elastic ¢ photo-

production cross section. The symbols listed are,
top to bottom, from references 32, 20, 33, 34, 35,
36 and the TPL experiment. The curve is a smooth
parameterization of the data.
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Fig. 20. VMD-quark model predictions (from Eq. 13)
for ¢ photoproduction, using data from hadron-beam
experiments, and normalized to the TPL photoproduc-
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represents all of the photoproduction data.
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Table I summarizes the values of Y;/hﬂ obtained
Fig. 22. Three-photon mass distribution for w .candi-

dates passing all analysis cuts, TPL photoproduction
experiment.

by normalizing to TPL data, and for comparison the
values" from "A~dependent photoproduction" (V photo-

production from heavy nuclei) and from e+e_ -V, I
do not want to comment further on the precise values
and their significance, because their interpretation
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Fig. 26. Energy dependence of the elastic w photopro-
duction cross section., The three older experiments
are (top to bottom symbols) References 32, 26, and 20;
the high energy points are TPL data. The curve is a
VMD-quark model prediction. (See text.)

is ambiguous. In particular, the VMD equations used
omit off-diagonal contributions (including possible
w-¢ mixing).

TABLE I: Values of yf,/lm

Normalized A-dependent -
v to TPL Photoproduction ee
p®  0.65 * 0.03 0.61 + 0.03  0.64 = 0.1
w 5.4 & 0.k 7.5 % 1.3 4.6 * 0.5
¢ 4.7 + 0.3 5.5 + 2,4 2.8 + 0.2

*6,5+0,6 with correction for p®-w interference

The following conclusions are on firmer ground:

(1) High-energy p° and w photoproduction cross sec-—
tions are flat to within statisties (9 data
points, = 5% each for the p’; U data points,
= 14% each for the w).

(2) The ¢ cross section rises rapidly with E, (as
would be expected for a pure-Pomeron process).

(3) The w has do/dt consistent with ebt, with < b >
= 8.42 + 0.74 Gev™2.

(4) A1l three yp + Vp processes have energy depen-
dences consistent with the predictions of VMD
plus an additive quark model. Put another way,
the energy-dependences of the Vp elastic cross
sections extracted from photoproduction data
(using VMD) are consistent with those extracted
from hadronic data (using the quark model).
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DISCUSSION
Q. (Fisenberg, Weizmann Inst.) Have you measured ¢
photoproduction forward slopes; and do they
shrink?
A. No. The experiment did not have the capability

of measuring t distributions for ¢ or p because
we didn't have individual energy measurements on
the two particles. Thus, we didn't have enough
resolution to determine adequate t values.

Q. (Weinstein, Northeastern) In your 3y observation
of the w, do you have an estimate of the magni-
tude of the pw interference contribution?

A. We made a very small correction for the HOY decay
of the p, but our statistics are certainly far
too poor to actually observe a real effect there.
There are no other processes leading to 3y final
states that we seem to have had enough statistics
to measure, as far as I can tell.

(Treadwell, Fermilab) Do you have any data re-
lated to recurrences of the ¢ meson or the w
meson?

A. No, not in this experiment; I think that the next
speakers will possibly have something to say
about them.

Q. (Gotsman, Tel-Aviv) I think in view of your fit
to the ¢ photoproduction (finding a value of
.Yi/hﬂ = L.7), you should remove the curve using

the coupling constant (2.8) taken from the col-
1liding beam experiment. You seem to have shown
that the A dependent coupling is the right one to
use. I think it was the first slide that you
showed with two curves in the total photoproduc-
tion, the one you should remove now.

A. The purpose of the colliding beam curve (in
Fig. 1) was to give an idea of what sort of range
of predictions one might get by taking different
linear combinations of p° and ¢, which is what
that really effectively does. The purpose of
showing it was only to point out that, in fact,
doing that sort of thing could not remove the
discrepancy between the prediction and the data.
While the solid curve is the more believable one
(and now even more so than before), we wanted to
state the conclusion--that something new was
going on--independent of any specific vector
dominance predictions.

Q. (Silverman, Cornell) It seemed to me that the
energy dependence of the A-effective for copper
was not reproduced in lead. Was that a correct
impression or not?

A. I think it has to do more with the scale of the
plots. The lead data were over a much narrower
energy range than the copper data. One needed the
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high energy points at copper to really establish
the conclusion of energy dependence. Those data
were simply not collected for lead.
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