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Measurements of the energy and t dependence of diffractive p photo-
production are presented. The elastic p cross-section is approximately con-
stant over the entire energy range at a value of 10,0 £ 0.1 ub., The t
dependence of both the elastic and inelastic parts of diffractive p
photopraduction are identical te those of diffractive pion production in np

interactions as predicted by the additive quark model,



Shertly after the discovery of the p meson in hadronic interactionsl, the
first measurements of the production of p mescns from hydrogen bv photons of
energy | + 6 Gev were made in 196Za.2 In the intervening vears many
experiments have been domne, the results »1 which have formed the basis for the
understanding of the hadreonic properties of the photon in terms of vector
meson dominance and additive quark models.3 We present here extensive new
measurements of the s and t dependence of the photoproduction of p mesons from
hydrogen in the energy region of 43 to 225 Gev.

The data reported here were taken in the broadband phoron beam at
Fermilab. Both the beam and detector have been desgcribed e]..‘::ewhere.I4 Brief-
ly, particles produced with angles less than 35 mrad with respect to the
photon heam were detected in a multiparticle spectrometer, consisting of two
analyzing magnets, a multi-wire proportional chamber tracking system, two
multicell Cherenkov counters with pion thresholds of # and 12 Gev, respec-
tively, a fly's—eve array of lead-glass blocks, and a steel-scintillater
hadron calorimeter. In addition, three concentric hexagonal scintillation
counter arrays were positioned around the 41 cm liquid hydrogen target in
order to detect target fragments. These rings provided azimuthal angle
resolution of #10° for protons with momenta greater than 280 Mev/c.

Events were collected which satisfied a trigger formed from the
information from scintillation counters, the multiwire proportional chambers,
and the hadron calorimeter. 1In particular, the btrigger counter and multiwire
proportiecnal chamber data were regquired to be consistent with the presence of
at least 2 but not mote than § charged tracks, and 2 minimum of 25 Gev was
required toc be deposited in the hadron calorimeter. The presence of the lead-
zlass in front of the hadron calorimeter and the limited resoluticn of the

calorimeter itself combine to make this energy deposition requirement the



dominant contributor to the energy dependence of the acceptance. For example,
the calorimeter acceptance rvrises from 32% at 45 Gev to 90% at 140 Gevw.

The ¢ analysis proceeded by first selecting events with axactly two
reconstructed tracks of opposite charge which originate in the target.
Information from the lead-glass array was then used to eliminate those events
containing either reconstructed m°'s or photons of energy 5 Gev or more.
Events containing at least one track which was unambiguously identified as a
kaon by the Cherenkov counter analysis were also removed from the sample,

Finally, those events which were not consistent with the elastic reaction
+ -
Y tprm +w +p, Y

as determined by the recoll detector analysis, were eliminated. The events
cut by the elastic recoil requirement accounted for 27% of those events which
passed all the previous cuts. We call these events "diffractive inelastie
events” and we will discuss them in more detail later in this papear.

The two—pion mass distribution for all events passing the above cuts is

shown in Figure . The curve shown is a fit to the data of the form:
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q(M) is the magnitude of the three momentum in the ' n~ centaer—-of-mass frame,
Cl, C2 dre constants used to parameterize the non-resonant contributions to

the dipion mass spectrum, and £ is the mass dependent geometric acceptance of



our detector as derermined from Monte Carlo calculations. The Monte Carlo
program generated avents with an exponential t-dependence with slope 8.5 Gev™?
. . . L 2. . .
and a decay angular distribution of sin®% ., The simulation of the response of
the recoil detector, Cherenkov counter, and the trigger counters were made
based on extensive studies of the behavior of the actual detectors.
In using this form, we follow Spital and Yennie6 and adopt their

convention for defining the p cross—section in terms of rhe measured dipion

cross—section at the p mass. i.e. we define the p yield, Np asg:

™
N = E‘C . (3)
The best values for the mass Mp and the width YD from this fir are:

Mp = 774 £ 1 MeV

Fo = 152 £ 2.5 MeV.

The mass and width of the p were fixed at these values throughout the rest of
the analysis in different energy and t regions. Only the parameters CO, Cl’
and C, were allowed to vary in subsequent fits.

We fit the dipion mass spectrum using the procedure described above in
each of 25 photon energy regions covering the range from 45 to 225 Gev. We
converted the resulting p yields to cross—sections by dividing by the preduct
of the incident flux with the calorimeter acceptance for each region.

The energy dependence of the incident photon flux was measured by four
methods and was documented in a previous papet’.f4 The overall normalization
was determined by I methods: (1) the integrated beam power was measured by a
Wilson—-type quantameter and corrected for electronic deadcime (34%) and

(2) low mass eTe pairs were collected throughout the data-taking runs using

a separate trigger. The total number of incident photons with energy greater



than 45 Gev as determined by each of these methods differed by only 5.5%. The
calorimeter acceptance was determined by weighting the observed avents by the
inverse of the probability that an event with the observed pulse helight in the
calorimeter would have satisfied the energy deposition requirement., This
probability function was determined from data runs in which the eneray
deposition vequirement was UE of that in the regular runs. Corrections were
also made for each energy region for those events which were not observed
because they failed a cut which required the pulse height in the calorimeter
to be large enough that the probability for satisfying the energy depasition
requirement was greater than 3%.

Additional corrections were made for aceidental muon halo vetoes (14%),
pion absorprtion or decay in the spectreometer (77%), misidentification of
inelastic events as elastic events by the recoil analysis {4%2), and production
from the target end caps (3%).

Figure 2 shows our measurements of the elastic p photoproduction cross—
section as i function of energy along with the results of sone other exper-—
iments.7 Qur data 1s consistent with an enerdgy independent elastic p cross-—
secticn of 10,0 £ 10,1 pyb, We estimate our overall normalizaticn uncertainty
to be £ 7%, with the dominant contribution coming from our “nowledge of the
incident photon flux (£ 5%).

To determine the t—dependence of elastic p photoproduction, we divided
sur data sample into four energy regions and then for each region fit the
dipion mass spectrum using the procedure described above in separate t bins
{11-13 bins) covering the range from 0 to 1.0 (Gev/c)z. We converted the
resulting p vields to differential cress-sections using the Monte Carlo

calculations and correctlions described previously. 1In this case, the

correction due to production from the target end caps had to be made



t~dependent as we did observe coherznt p production from the mylar. The
correction f{or the inelastic contamination was also made t dependent.

Figure 3 shows our measurements of the differential cross—section do/dt
for elastic p photoproduction as a function of t for each of the four energy

regions., The curves in the figure are the result of 2 one parameter fit of

the data to the vector dominance plus additive quark model prediction:3'9
*
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where we have taken the t-dependence of alastic 7p scattering to be of the

2
bt + ¢t” uhere A, b, and ¢ were determined from fits ta 7p elastic

form A e
scattering dat38 in the energy region from 30 to 175 Gev, The wvalue
determined for the yp ccupling constant from the fit is:

EZ

2
i 2.39 £ .02 .

This value is about 10% higher than that determined from an analysis of data
from Orsay om the reaction ete™ s 2t £ 07 .3’10

We now turn to those events which were eliminated from the elastic
analysis only because the information from the recoil detector indicated that
the event was not consistent with reaction (l).. These "diffractive inelastic”
events have similar characteristics to those of the elastic events with the
axception of the t-dependence. The "diffractive inelastic” events are more
tikely to be produced at larger t than are the elastic events. Following the
same procedure as hefore, we fit the dipion mass spectrum in each of 20 t bins
for both the elastic and the diffraccive inelastic events,

Figure 4 shows the ratio of the diffractive inelastic cross—-section to

the sum of diffractive inelastic plus elastic cross—section as a function of



t. The curve shown corresponds to the same ratio for 7p iLnteractions at 100

11

Gev, where the diffractive inelastic cross-section is defined as:
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The choice of the upper limit orf 10 Gevg was made to give ayreement {nr the
normalization of the predicted curve with our data. The shape of the curve is
taken from the wp data with no adjustable parameters. The agreement bhatween
our diffractive p photoproduction data and the diffractive wp data is striking
and lends new support to the additive quarx model.
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Figure Captions

FIG. 1 Two-pion mass distribution for events consistent with the

; + -
reaction vy +p+ % + 7 + p.

FIG. 2 Total cross—section measurements of the reaction y + p + p° +p

as a function of the incident photon energy.

FIG. 3 Measurements of do/dt for the reaction ¥ + p > p® + p as a
function of t£ for four incident photon energy regions. The shapes and

relative intercepts of the curves are constrained to be those fouad from fits

2
to mp elastic scattering data i.e. do . 2 A ebt *oet where fz/iv =
dt 2 P
£° fhw
2.39 £ .02, and . P
9 -7 -1

k(Gev) A(mb/Gev™) b(Gev ~) c(Gev )

45-75 28.9 9,13 2.49

75~105 28.0 8.92 2.15

105-145 28,7 9.11 2.34

145~225 29.7 9.33 2.58

FIG. 4 Measurements of f, the ratio of the diffractive inelastic p
photop?oduction cross—section to the sum of the diffractive inelastic plus
elastic p photoproduction cross-sections, as a function of t, The shape of
the curve is constrained to be that found from f£its to 7p diffracrive

inelastic and elastic scattering data.
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