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Measurements of the Reaction yp ~ pp with Unpolarized Bremsstrahlung
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We have measured the differential photoproduction cross section doldt for 'the produc-
tion of p mesons as a function of t at a photon energy of 12 GeV from It I = 0.2 (GeV/c)' to
It I = 1.0 (GeVlc), and as a function of photon energy from 6 to 19 GeV at a It I of 0.6
(GeV/c)2. Our results, and all other world data, fall on a universal curve. The slope of
the Pomeranchukon trajectory deduced from this experiment is +'=-0.03 + 0.&3.

High-energy elastic scattering processes have
been traditionally described in terms of "Pomer-
anchukon" and Regge exchanges. pp scattering
and X+p scattering are postulated to be mainly
dominated by Pomeranchukon exchange, with the
contributions from other Regge exchanges ap-
proximately canceling as a result of exchange
degeneracy (these processes are exotic in the s
channel).

The pp and K'p elastic scattering data show
diffraction peaks which shrink with energy and,
excluding intersecting-storage-ring data, these
processes have an n, «with a slope of approxi-
mately 2. ' However, the recent ISR data are de-
scribed by an n, «with a substantially smaller
slope. Some authors' have concluded that at ISR
energies, exchanges other than the Pomeran-
chukon play a small role and that both low- and
high-energy data may be described quite well
with a Pomeranchukon trajectory slope in the
range from 0.15 to 0.45.

To throw further light on this problem we have
measured photoproduction of the y meson.
Freund, ' and more recently Barger and Cline, '
have pointed out that on very general grounds

yp elastic scattering should proceed only by
Pomeranchukon exchange. This follows directly
from the quark model with the y made up of two
strange quarks [or SU(3) with magic mixing],
and it is supported by experimental evidence
showing the y to be decoupled from nonstrange
hadrons. Therefore, a measurement of yp elas-
tic scattering would more unequivocally deter-
mine the parameters of the Pomeranchukon tra-
jectory than other elastic scattering processes
involving additional exchange contributions.

Since the y meson has the same quantum num-
bers as the photon, the y photoproduction cross

section should be directly related to elastic
scattering of transversely polarized q mesons
on the proton. This can be expressed formally
as

GG (yp-—vp)= —
~

—(~„p-v p),
o' t'y, ' 'do

dt 4 (4n dt

where y ~ is the strength of the photon-to-q cou-
pling constant and z=, 37 Thus, measurements
of the photoproduction of cp mesons should deter-
mine the n, « for the elastic scattering of y
mesons and hence for the Pomeranchukon. Polar-
ization measurements by our group' have given
excellent agreement with the predictions from
pure Pomeranchukon exchange (best asymmetry
value 0.98 +0.12) and are consistent with re-
analyzed results of a similar experiment from
Cornell University. '

In this experiment we have considerably ex-
tended the previous single-arm missing-mass
studies of y production at the Stanford Linear
Accelerator Center (SLAC)' in order to study
(1) the s dependence of the y-meson production
differential cross section do/dt at a It I of 0.6
(GeV/c)' at photon energies ranging from 6 to 19
GeV; (2) the t dependence of the differential
cross section do/dt at 12 GeV, for Itl ranging
from 0.2 to 1.0 (GeV/c)'.

Figure 1 shows the experimental setup, similar
to that described in previous publications. ' A
bremsstrahlung photon beam was passed through
a 30-cm-long by 5-cm-diam liquid-hydrogen
target at SLAC, and the recoiling protons pro-
duced in the target were observed with a 90'
bend spectrometer capable of analyzing momenta
up to 1.6 GeV/c. Protons were identified in the
trigger counters on the basis of pulse height and
by vetoing z mesons with a Lucite Cherenkov
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FIG. 1. Experimental arrangement Heh'oil protons
produced in the liquid-hydrogen target by the SLAC
bremsstrahlung beam are detected in the SLAC 1.6-
GeV spectrometer. The inset shows the counter array.
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counter. The P, 0 focal plane of the spectrometer
was split by hodoscope counters into eight miss-
ing-mass bins. "Integral" yield curves were
taken with the spectrometer momentum and the
primary-beam energy held constant, while the
angle of the spectrometer was varied. In addi-
tion, for low itt values, "differential" yield
curves were obtained by subtracting two integral
curves taken at different peak photon energies
E, and E,. The differential yield curves cor-
responded to excitation by a narrow band of
photon energies between the energies E, and E,.

The beam was carefully monitored with an SEQ
(secondary emission quantameter). In order to
obtain high relative accuracy in our yield curves
we took the following precautions: (1) The order
in which data were taken was chosen to minimize
the effects that could have been caused by small
instrumental drifts. (2) Dead time and random
corrections were always less than 6%, and the
beam intensity was held constant during a run.
(3) The region of interest around the kinematic
threshold of the y meson was completely mea-
sured with each of the hodoscope counters in or-
der to avoid possible effects due to variable effi-
ciencies for different counters. (4) All yield
curves for a.given point were repeated between

30
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IVIISSING MASS SQUARED (GeV)~

FIG, 2, (a)-(c) Experimental yield curves at fixed
spectrometer momentum versus missing mass squared
at 6, 12, and 19 GeV photon. energy, respectively, for

t= 0.6-(GeV/c)2. Also shown are the fitted p yields.
Error bars are too small to be displayed.

four and ten times.
Because of the very large redundancy of the

data, internal consistency could be carefully
checked, and was generally excellent. Typically,
sweeps required about 10 h of running and con-
tained a total of -10' counts. Internal consis-
tency checks showed that final relative errors
were close to statistical.

Figure 2 shows typical final accumulations.
The curves all show a marked kinematic step at
the threshold for y-meson production. These
curves were analyzed to give good fits to a local-
ly smooth polynomial background plus the yield
expected for a given daldt for the q meson. The
fitting program found the parameters that cor-
responded to reasonable "derivatives" at the
beginning and end of the fiducial region and per-
formed a X minimization. The fit region in-
cluded a missing-mass range from 900 MeV
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FIG. 3. dc/dt for -t =0.6 (GeV/c)2 plotted versus s,
the center-of-mass energy squared, and the photon
lab momentum from 6 to 19 GeV/c.
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(above the p meson) to 1120 MeV [where B (or p')
production started]. Standard statistical errors
were assigned to the final values, except for a
few cases where the errors were increased to
allow for nonlinear fitting effects or somewhat
high y' for the fits.

Figure 3 shows the values of dv/dt plotted
against s at a fixed Itl value of 0.6 (GeV/c)'.
Analysis of these results in terms of
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FIG. 4. (a) Our experimental values for do/dt for p
photoproduction at 12 GeV as a function of -t from
0.2 to 1.0 (GeV/c) . The dash-dotted curve is the best
fit to all Cornell University data (Ref. 5), the solid
curve is the best "quark-model" fit to our previous
data (Ref. 6). (b) Same curves and our points as in
(a) with the addition of Cornell University and DESY
results (Refs. 7, 8). Agreement of all data is excellent.

dc/dt-s2(" « "
gave a value of n«=1.02+0.0 8. If n, ff(t) is ex-
pressed as n, ff(t) =1+ n't, then n'= —0.03+0.13
which is inconsistent with the value of 2 for n'
obtained from the shrinkage observed for K'P
and pp eleastic scattering. ' All data were taken
with almost identical spectrometer settings and

accordingly the cross-section ratios were un-
affected by systematic uncertainties in the spectrometer efficiencies.

Figure 4(a) shows our values of do/cf plotted against ~t I at 12 GeV. Figure 4(b) shows both our data
and data from other experiments"' at a variety of energies. The dash-dotted line superimposed on

these figures in the line given by the equation dv/df = 2.85 exp(5. 4t). This is the latest fit to previous
Cornell University data in the range of 0 to 0.6 (GeV/c)'. The solid line superimposed on the data was
the "best fit" to the previous SLAC spectrometer data. This line had a relative t dependence obtained

by combining Eq. (1) with the quark-model relation

dv do(K'p) '~ do(K p) '+ do(ff p) (2)

Our present values are consistent with both
these forms. The best fit to the present data
would suggest a normalization F/~ higher using
the "quark-model" shape than that given in the
previous publication. ' Both curves give an ex-
cellent representation to all existing world data

t
at all energies including our new improved data.

Within the experimental errors we would regard
either curve as representing the cross sections
at all energies.

The previous SLAC data' gave weak indications
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of shrinkage with energy, but the present higher
statistics permit much better elimination of sys-
tematic errors and no shrinkage is observed.

Clearly, we cannot conclude from this experi-
ment that all Pomeranchukon processes can be
described with a unique e', neither can we rule
out that e' is a function of s. We can conclude,
however, that within the context of current theor-
ies of y meson photoproduction the Pomeranchu-
kon exchange associated with photoproduction of
y mesons has an o, ' close to zero for our energy
range.
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