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?feasurements 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 f 0.1 ub. The t 

dependence of both the elastic and inelastic parts of diffractive p 

photoproduction are identicaL to those of diffractive pion production in np 

interactions as predicted by the additive quark model. 
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Shortly after the discovery of the 2 meson in hadronic intera.ctionsL, the 

first measurements of the production of p mesons from hydrogen by photons of 

energy 1 + 6 Gev ;yere made in 1964.2 In the intervening years many 

experiments have been done, the results of which have formed the basis for the 

understanding of the hadronic properties of the photon in terms of vector 

meson dominance and additive quark models. 3 We present here extensive new 

measurements OE the s and t dependence of the photoproduction of p mesons From 

hydrogen in the energy region of 45 to 225 Gev. 

The data reported here were taken in the broadband photon beam at 

Fermilab. Both the !beam and detector have been described elsewhere. 4 Brief- 

ly, particles produced with angles less than 35 mrad with respect to the 

photon beam were detected in a multiparticle spectrometer, consisting OE two 

analyzing magnets, a multi-wire proportional chamber tracking system, two 

multicell Cherenkov counters with pion thresholds of 6 and 12 Gev, respec- 

tively, a fly's-eye array of lead-glass blocks, and a steel-scintillator 

hadron caloriseter. tn addition, three concentric hexagox1L scintillation 

counter arrays were positioned around the 41 cm liquid hydrogen target in 

order to detect target fragments. These rings provided xinuthal angle 

resolution of i1'J" for protons with momenta greater than 280 ~evlc. 

Events were coLLec:ed which satisEied a trigger formed Erom the 

information from scintillation counters, the multiwire proportional chambers, 

and the hadron calorimeter. In particular, the trigger counter and multiwire 

proportional chamber -latn 'wef? required to be consistent with the presence of 

at least 2 hut not nore than 8 charged tracks, and a minimum of 25 Gev was 

required to be deposited in the hadron calorimeter. The presence of the Iead- 

glass in front of the hadron calorimeter and the Limited resolution of the 

calorimeter itself combine to make this energy deposition requirement the 
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dominant contributor to the energy dependence of the acceptance. For example, 

the calorimeter acceptance rises Erom 33% at $5 Cev to 90% at 140 Gev. 

The p analysis proceeded by first selecting events with exactly 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 n O’s or photons of energy 5 Grv or snore. 

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 +p+n tn-+p, (1) 

as determined hy t!w recoil detector analysis, were eliminated. The events 

cut by the elastic recoil requirement accounted for 27% of those events which 

passed all the previous cuts. Me call these cven~s “diffractive inelastic 

events’* and we will <discuss them in more detail later in this paper. 

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

shown in Figure I. The curvi? shown is a fit to the data of the Corm: 

Call ?I r 2 
i”= 0 
dM (2 - !$‘)’ + $r2 

{ 1 + cl(L - 

2 

N2 
1) + c2(k - 

H2 
1)2; E ) (2) 

where r is a nnss dependent width5 given by: 

r(x) = (gy 
2r 

Cl 
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q(\l) +- is the :nagnitude oE the three lmomentum in the 11 n center-of-mass frame, 

Cl’ C2 are constants used to parameterize the non-resonant contributions to 

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



our detector as deternined from Monte Carlo calculations. The Nonte Carlo 

program generated events with an exponential t-dependence with slope A.5 Gev -2 

and a decay angular distribution of 
2 * 

sin 9 . 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 Yennie’ and adopt their 

convention for defining the P cross-section in terms of the measured dipion 

cross-section at the P mass. i.e. we define the p yield, Np as: 

N =;c 
P _ 0. (3) 

The best values for the mass Np and the width l’o from this fit .xre: 

N 
P 

= 774 f 1 MeV 

r 
0 

= 152 f 2.5 !leV. 

The mass and width of the p were Eixed at these values throughout the rest of 

the analysis in different energy and t regions. Only the parameters Co, CL, 

and C2 were allowed to vary in subsequent fits. 

We fit the dipion ma.ss spectrum using the procedure described above in 

each of 25 photon energy rasions covering the range from 45 to 225 Gev. We 

converted the resulting p yields to cross-sections by dividing by the product 

of the incident flux with the calorimeter acceptance for each region. 

The energy dependence of the incident photon flux :~as measured by four 

methods snd was docuaented in a previous paper. 
4 

The overall normalization 

was determined by 2 methods: (1) the integrated beam power was measured by a 

!Jilson-type quantameter and corrected Ear electronic deadtime (34%) and 

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

a separate trigger. The total number sf incident photons with energy greater 
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than $5 Gev as determined by each of these methods differed by only 5.5X. The 

calorimeter acceptance was &terTined by ijeighting the observed events by the 

inverse of the probahiLity that an event with the observed pulse height in the 

calorimeter would have satisfied the energy deposition requirement. This 

?robabiLity function was determined from data runs in which the energy 

deposition requirement was L/T oE that in t!le regular runs. Corrections were 

also made Ear each energy region For those events which were rnoc observed 

because they failed 2 cut which required the pulse height in the calorimeter 

to be large enough that the probability Eor satisfying the merqy deposition 

requirement was grentrr than 3’:. 

,AdditionaL corrections were made for accidentaL :nuon in10 vetoes (14X), 

pion absorption or decay in the spectrometer (7Z), :nisidentificntion ,oi 

inelastic events ~3s elastic events by t!le recoil analysis ($2). ind production 

from the CarRet end caps (3°C). 

Figure 2 shows Out T2nsurement.s of the eLnstic p photoproductia,n cross- 

section :is .a function rof rner~y aLong with the results of sow 0thPr exper- 

iments. 7 Our :lat;l is consistent with an energy independent elastic o cross- 

section of 10.0 f 0.1 ph. Ye estimate our overall normalizntian uncertainty 

to be k 7” >, with tile dominant contribution coning from our ‘inowted<e r,f the 

incident photon flux (* 5%). 

To determine the t-dependence of elastic P photoproduction, ve divided 

)nr data sample into four energy regions and then Ear each region EiC the 

.?i?ion mass sprctrtln usin% the procedure described nbove in separate t bins 

(iI-\ bins) covering the range Eron 0 to 1.3 (Cev/c)‘. We converted the 

resulting p yields to differentiaL cross-sections using the xoote carLo 

calculations and corrections c&scribed previously. In this case, the 

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



t-dependent as we did observe coherent P production from the mylar. The 

correction for 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 a one parameter fit of 

the data to the vector dominance plus additive quark model prediction: 399 

g (y+p -t p+dJ) = F ($I 2 cir+p + nCp) + $f (n-p + T-P 1)2 (41 

P Y 

where we have taken the t-dependence of elastic np scattering to be OE the 

Eorm A eht + ct2, where A, b, and c were determined from fits to np elastic 

scattering data 
n III the energy region from 50 to 175 Gev. The value 

determined Ear the YP coupling constant fron the fit is: 

fL 
" = 2.39 * .02 . 
4n 

This value is about 10% higher than that deterCoed from fin .xnalysi,; of data 

+ 
from C)rsay on the reaction e?+e- + n + TI- . 3,lO 

51e now turn to those events srhich were eliminated from rile elastic 

analysis only because the information from the recoil detector indicated that 

the event xas not consistent with reaction (1). These "diffractive inelastic" 

events have similar characteristics to those oE the elastic events with the 

exception of the t-dependence. The -diffractive inelastic" events are more 

Likely to be produced at larger t than are the elastic events. Following the 

same procedure as before, we fit the dipion mass spectrum in each of 20 t bins 

for both the elastic and the diffractive inelastic events. 

Figure 4 shows the ratio oE the diEEractive ineLastic cross-section to 

the sum of diffractive inelastic plus elastic crass-section as a function of 



t. The curve shown corresponds to the fame ratio for up interactions at 100 

Gev,‘l where the diffractive inelastic cross-section is defined as: 

& 
ineL 10 

lit 
2 I &, 2 dZJ 

; ’ dt dllx2 
(2p * 7ix). 

The choice of the upper linit of 10 Crv- .~~as mnde to zive +grcc~nent fnr the 

normalization of the predicted curve with our &t.l. The shape of the curve is 

taken from the xp data with no adjustable parameters. The ;~greement !~tween 

our diffractive p photoproduction data and the diffractive np datn is stri’kinc 

and lends new support to the additive quar’k !model. 
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Figure Captions 

FIG. 1 Two-pion m~.ss distribution for evenCs consistent with the 

reaction y + p + Ti + + IT- + 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 y + 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 found Erom fits 

do aA 
to np elastic scattering data i.e. - = 

dt 

2.39 k .02, and 

bc + ct2 where f;/4n = 

kc&v) A(mb/Ge”‘) b(Gev-2 1 c(Gev -4 ) 

45-75 28.9 9.13 2.49 

75-105 28.0 a.92 2.15 

105-145 28.7 9.11 2.34 

145-225 29.7 9.33 2.58 

FIG. 4 Xeasurements of f, the ratio of the diffractive inelastic p 

photoproduction cross-section to the sum of the diffractive inelastic plus 

elastic p photoproduction cross-sections, as ,? function of t. The shape of 

the curve is constrained to be that found from fits to np diffractive 

inelastic and elastic scattering data. 
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