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The differential cross section of the reaction ('yp ~ p~) has been measured in the t 
range 0 < t < 0.4 GeV 2 and for photon energies from 3.0 to 6.7 GeV. In particular 
for the small t region the measurement accuracy was better than 10%. We obtained for 
the slope parameter B in an exponential parametrization of the differential cross section 
do/dt = Ae -Bt values o fB  = 6 ± 0.5 GeV - 2  which are significantly larger than the 
slopes obtained by most other experiments at higher t values. This indicates a t depen- 
dence of B particularly in the small t region. 

An energy dependence of the optical point (do/dt)t=-O, observed in our measurements, 
has been explained as a kinematic effect due to the VDM relation. A fit of our measure- 
ments is in excellent agreement with all other published values of (do/dt)t=o(~tp ~ ~p), 
this implies that Otot(¢p) must be essentially energy independent in this energy range. 

Spin density matrix elements of the q~ have been evaluated and an analysis of the hell- 
city amplitudes has been carried out. This analysis confirmed s-channel helicity conserva- 
tion. Moments of spherical harmonics of the KK angular decay distribution have been 
computed for 10 MeV KK mass-bins from threshold to 1.3 GeV. The mass dependence 
of the normalized moments is generally smooth. Contributing amplitudes have essentially 

0 only even moments. The moment (Y~2)[< Y0 ) changes sign above the q0 mass. 
Differential cross sections for the inelastic q~ production ~.p --, ~X have been evalua- 

ted for the first time both with respect to t - t m i  n and M X. The integrated inelastic cross 
sections are comparable in size with the elastic ones. The slopes of the differential cross 
sections do/dr appear to become flatter with increasing M X. 
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1. Introduction 

In this paper [ 1 ] results are presented which were obtained from the measure- 
ment and analysis of photoproduced K+K - final states with an invariant mass near 
the phi-meson mass (1020 MeV). The data have been taken in a high statistics experi- 
ment performed at DESY using a ta~ed-photon beam, a forward wire-chamber mag- 
netic spectrometer and a threshold Cerenkov counter. The analysis was essentially 
concerned with two reaction channels 

713 ~ ~p ~ K+K-p , (1.1) 

which will be called the 'elastic ~ photoproduction' (in the spirit of the vector-meson 
dominance picture), and 

7!0 ~ ~X ~ K+K-X (X 4: p ) ,  (1.2) 

which will be referred to as 'inelastic ¢ photoproduction'. 
Reaction (1 .I) has been studied for photon energies E. r in the range from 3.0 to 

6.7 GeV, reaction (1.2) in the energy range 4.6 ~< E~ ~< 6.7 GeV. In reaction (1.2) 
the missing mass lies in the interval 1.20 ~<Mx ~< 2.1 GeV. 

Phi photoproduction has been measured previously in a number of experiments 
up to photon energies of about 20 GeV [2], using mostly a Bremsstrahlung photon 
beam. This experiment has several distinguishing features in comparison with other 
phi-meson photoproduction experiments: (i) it is the first high-statistics experiment 
to systematically analyse the small t-region It[ < 0.4 GeV 2; (ii) the measurement of 
the incident photon energy and the possibility to reconstruct the kinematic of an elastic 
event assured the separation of elastic and inelastic events. 

2. Theoretical interest in tk photoproduction 

The interest in the photoproduction of the ~ meson is closely connected to two 
rather fundamental theoretical problems in particle physics: the photon-hadron coup 
ling and the diffractive scattering of hadrons. 

Firstly, the phi is a neutral isoscalar meson resonance at a mass of 1020 MeV with 
spin, parity and charge conjugation identical to the photon, namely, J ~  = 1- - .  Due 
to the similarity of the ~ and ~, quantum numbers~ the ~ (as well as the other vector 
mesons) plays an important role in photonphysics for photon energies greater than a 
few GeV. 

The vector-meson dominance model (VDM) describes an equivalence between the 
amplitude f't of the photon induced reaction 7 + B -~ V + B, and that caused by a 
transversely polarized vector meson (V' + B -~ V + B), namely, 

a ~/~-4n 
(2.1) 
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P P P P 

Fig. 1. The production mechanism of the ~ meson based on the vector meson dominance model 
The elastic ~ is produced by the exchange of a single pomeron trajectory. 

where 0~ is the fine-structure constant, 7~/4rr is the 7V coupling constant and V '  
represents the transverse part of  the vector mesons p, co, ~b (because of  the energy 
domain discussed, contributions of  the ff family can be neglected) and B the tar- 
get nucleon. So that for the case of  ~ photoproduction on protons the amplitude 
from eq. (2.1) is of  the following form: 

. 1 ~/~-4~" , 

f ~ ( 7 + p - - > ~ + p ) = V ~ - ~ f ¢ ( ~  + p - + ~ b + p ) ,  (2.2) 

where contributions from mixed terms (e.g. pp -> ~bp) are assumed to be negligible. 
Hence the ¢ photoproduction is related to the hadronic reaction, ~' + p --> ¢ + p 
(fig. 1). 

The second point of  interest is the SU(3) assignment of  the ~ meson [3]. With 
the assumption of  an ideal singlet octet.mixing, the ~ is built solely from s and ~- 
quarks. This assumption is experimentally supported for example by the measure- 
ment of  the ratio o(rr-p -~ ~n)/o(rt-p -~ con) = 0.035 + 0.0010 [4], which is equal 
to the fraction of  non-strange quarks contained in the phi. The Okubo-Zweig-Iizuka 
rule then predicts that a direct interaction of  the ~b with particle states built only 
from non-strange quarks is strongly inhibited [4]. 

Because there are no strange s- and u-channel resonances which could couple 
to the ~b, only the t-channel exchanges with CP = ++ and I -- 0 (as required by 
charge conjugation invariance) can contribute, that is only trajectories such as 
the pomeron, f(1270) and f '(1514). However due to its non-strange quark content, 
the P '  trajectory, which is identified with the f(1270), decouples in the t-channel ¶ 
Even if one assumes a similar nature for f ' (1514) as for the ~ meson, the exchange 
of  the associated trajectory (P") would be suppressed by its low-lying nature "* 
Thus the elastic Cp scattering is considered to occur through the exchange of  only 
the pomeron trajectory. 

* The f meson decays predominantly into pure pion final states, BR(f-+ 2n/f-+ all) = 0.81 ± 
0.01, BR(fo 4rr/f--+ all) = 0.028 ± 0.003, BR(f-+ KK/f-+ all) = 0.027 ± 0.006 (see Rosen- 
feld tables and [5]). 

** The decay branching ratio of the f '  meson is not accurately known. It will not entirely 
decouple from ~p. By considering its mass and spin, the intersecting point of the P" traject- 
ory would be smaller than of(0) = 0.41 [6]. 
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From eq. (2.2), one obtains the differential cross section for the photoproduction 

_~(Tp_~p)  ~ 4u ~p¢ ~ 2 da 
= 4 "r~ l-k-] ~- (~p" Cp)' (2.3) 

where p~ is the momentum of the ~b meson, k is that of the incident photon in the 
c.m.s, and t is the four-momentum transfer squared. The total cross section of the 
reaction aT(~b p -~ ~bp) is obtained by the optical theorem: 

( ) _ a64rr 4/r (1 + r /~ ) (7 )  2 7 ~  ~ (3'P ~ cP) o~(~p -~ ~p),  (2.4) 
t o 

where (do/dt)t=o is the extrapolated optical point and r/¢ is the ratio of real to 
imaginary amplitude at t = 0. 

In particular the energy dependence of the differential cross section and of the 
slope parameter can be analyzed applying the Regge model and a simple pole picture 
for the pomeron trajectory. Although the naive pole picture for the pomeron traject- 
ory is generally untenable, as diffraction scattering data at very high energy have 
demonstrated, it may, at our energy range, still be a useful parametrization. Thus we 
parametrize the cross section in terms of a single pole exchange 

do V ]2(°(O-,, 
-~t = F(t) \So / (2.5) 

where s is the c.m. energy squared, So is a scale factor customarily set to 1 GeV z , 
a(t) is the exchanged trajectory and F(t) represents the square of the residue func- 
tion. For the pomeron trajectory a(t) is parametrized as ap(t) = 1 + a~(O)t with the 

I slope parameter ap(0). The residue function is assumed to be 

F(t) = A exp(at + bt2) ,  (2.6) 

where A, a and b are parameters determined by experimental data. 
Consequently the differential cross section is described as follows: 

do 
- -  = A exp(m(s, t)) (2.7) 
dt 

with 

m(s, t) = (a + 2a'(0) ln(s/So) ) t + bt 2 . (2.8) 

An additional insight into the diffractive nature of the ~ photoproduction can be 
obtained studying the ~ decay. The analysis of the decay angular distribution of the 
KI(system provides information on the dynamics of the reaction (1.1) by establishing 
the statistical population of the spin states of the ~, with their mass- and their t-depen- 
dence. It has been proposed that the s-channel helicity conservation is an essential fea- 
ture of a diffractive process [7]. Thus, studying the helicity structure of the ¢ produc- 
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tion gives some information on the dynamics of pomeron exchange. Pomeron 
exchange is a model of diffraction scattering on one hand and at the same time a 
feature of ~b photoproduction suggested by the quark model. 

3. Experimental procedures 

3.1. Experimental set up 

A schematic drawing of the experimental set up is presented in fig. 2. An elec- 
tron beam was ejected from the synchrotron with a momentum spread Ap/p = 0.25%. 
The beam was horizontally focussed to a 1 × 10 mm 2 shape on an aluminium radia- 
tor of 1 mm thickness. Downstream of the radiator, a tagging system was placed to 
analyse the momentum of the deflected electrons. The non-interacting electron beam 
was absorbed in a quantameter used for overall flux normalization. 

While traversing an evacuated beam pipe to a liquid hydrogen target, the photon 
beam passed through a 20 cm long lead collimator, a pair of beam scrapers each 
remotely controlled in vertical and horizontal directions, a sweeping magnet and a 
lead-concrete wall. 

At the liquid hydrogen target (50 cm long and 2.5 cm diameter), the photon beam 
was nearly Gaussian shaped with a half width of 7 mm. The target was surrounded 
by a hodoscope which consisted of 23 scintillation counters each 3.3 × 57.5 cm 2 
extended parallel to the beam in a cylindrical array of 26 cm diameter. This hodo- 
scope was inside the vacuum tank of the hydrogen target. The light was directed 
through optical guides to the outside. The target hodoscope detected the recoil 
protons and measured their azimuthal angles, thus checking the coplanarity condition 
between recoil proton and reconstructed kaon pair system. 

Photons which did not interact in the target, as well as electrons produced in 
materials along the beam line, passed through a hole in the front trigger counters, 
traversed four planes of multiwire proportional chambers and hit a 60 cm long lead 
absorber suspended at the entrance of a large aperture analysing magnet. Hadrons pro- 
duced at larger angles passed through (i) an array of front trigger counters, (ii) four 
multiwire proportional chambers, (iii) the large aperture analysing magnet with a field 
strength of 9.5 kG.  m, (iv) a set of eight spark chambers each 1 X 1 m 2 with magne- 
tic core readout, (v) a double wall of trigger counters and (vi) a gas threshold ~erenkov 
counter which discriminated against electrons and pions. The specifications of each 
component are presented in table la. 

Data have been taken in three periods, each with a different incident electron 
energy as shown in table 2. For the lower energy runs (Exp. II and III) a different 
experimental configuration from the one explained above was used to compensate 
for a reduction of detection efficiency of the spectrometer. The configuration was 
modified as follows: an array of 16 scintillation counters extending vertically 
replaced the front trigger counters mentioned above; only the larger multiwire pro- 
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Table 2 
A summary of the energy ranges used in these experiments 

29 

Period Electron energy Photon energy 
(GeV) (GeV) 

Experiment I 7.2 4.65 - 6.70 
Experiment II 5.5 3.0 - 5.0 
Experiemnt III 5.2 3.0 - 4.5 

portional chambers with vertical and horizontal readout were used; an additional 
array of  12 trigger counters was placed between the analysing magnet and the first 
spark chamber (M-hodoscope); the target and the beam stopper were moved deeper 
inside the spectrometer magnet and the recoil proton hodoscope was removed. 

Details are also tabulated in table lb. 

3.2. Tagging system 

The photon beam was generated by the bremsstrahlung of  the electrons traver- 
sing the radiator. Their recoil electrons were deflected and passed through an array 
of  three layers o f  scintillation counters which tagged the bremsstrahlung photons 
impinging on the hydrogen target. The first layer consisted of  a picket-fence array 
of  22 scintillation counters each overlapping ~ of  its neighbour. This counter array 
separated the recoil momentum into 43 bins each with a width of  48.1 MeV. Thus 

1000 

000 

"~ 600 

"~ ~o~ 

20( 

events: 31700 
equivalent flux ( Qo): 87100eguiv. quanta 
channel width I A E.y): 0.0481 GeV 

: Channel Ho. 
o,,, ~o .., !.s., ,3o.,.. 25. :, ,2p,,, .!!. , !o.,.. s .. . .  

s.o 5.5 6.o Ey [GeV] 6.s. 

Fig. 3. The distribution of photons observed in the tagging channel. The solid curve represents 
an expected spectrum from the bremsstrahlung process. 
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the tagging system covered an energy band of photons over 2.02 GeV with a top 
energy ofEto p = E - 0.5 GeV, where E is the energy of the incident electron beam. 

The second and third layers consisted of 14 scintillation counters in pairs behind 
the first layer. They were used in two-fold coincidence in the trigger to give precise 
timing information and to monitor the flux of incident photons. 

Calibration runs were made to investigate basic properties of the system: the energy 
calibration, the intensity dependence of the rate of multiple tags and the tagging effi- 
ciency. For the energy calibration, electron pairs produced in a thin target in front 
of the magnet by tagged photons were observed. By reconstructing the electron pair 
tracks, the energy of the pair was calculated and compared with the photon energy 
from the tagging system. Although the resolution of the pair spectrometer does not 
match the resolution of the tagging counters (+25 MeV), the center energy of each 
counter could be determined rather precisely to about +10 MeV. This was also 
checked against the position of the recoil mass of an elastically produced ~ meson. 

The tagging efficiency, defined as the ratio of the number of photons arriving at 
the target position to that of electrons triggering the tagging system, was measured 
by placing a shower counter at the target position. The efficiency was (89 + 2)%. 
At typical running conditions a beam of 2 × 105 tagged quanta per second (10% 
duty cycle) was used. The rate of multiple tags was 12% without accidental ones. 
Only single tags were accepted in the experiment. The measured cross section is 
based on the number of recorded single tags corrected for tagging efficiency. Fig. 3 
shows an observed bremsstrahlung spectrum in the tagging window. 

3.3. The ~erenkov counter 

The counter consisted of a cylindrical steel tank with 2.40 m diameter and 2.33 
m width positioned in the beam line behind the trigger counters with horizontal axis. 
Particles traversing the 2.1 × 1.0 m 2 steel entrance window of 3 mm thickness tra- 
velled through a radiator of about 1.7 m length. The light was focussed by 6 spherical 
mirrors of 70 X 70 cm 2 each with an aluminium light collector into the photocatho- 
des of six 58-UVP phototubes through quartz windows. With freon-13 at 4 bar, the 
maximum ~erenkov angle (particles of the light speed) was 70 mrad. For these par- 
ticles an angular divergence of + 50 mrad could be accepted, which agrees with the 
divergence of the particle stream hitting the counter for momenta higher than 1.6 
GeV (threshold for pions). The counter is shown in fig. 4. 

The phototubes were run at 2.5 kV yielding pulses of about 1 volt for high energy 
electrons. The efficiency of the counter was measured by triggering the apparatus 
on two charged particles in front of and behind the magnet. By using the copiously 
produced p°s, 7r mesor/s with momenta between 2 and 4 GeV were identified and 
the rr meson signals in the ~erenkov counter were recorded. The test gave an aver- 
age detection efficiency of (98 + 2)%. Since the counter was used in veto mode, no 
effort was made to gain a more accurate number. 
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Fig. 4. Schematic drawings of the Cerenk°v counter, (a) side view and (b) top view. The ~_eren- 
kov light is reflected and focussed by six mirrors into phototubes. 

3.4. Data taking 

An event was recorded when  the following trigger requi rement  T R  was fulfilled: 

T R  = T ( ~ I )  • F( '~2) • B(~2)  • C in  Exp I ,  

T R  = T( '~ I )  • F ( ~ 2 )  • M('~2) • BC~2) .  C in  Exp II  and I I I ,  
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where 
TC'~I) is an OR-signal formed from a two-fold coincidence between any two over- 

lapping back-up counters of the tagging system; 
FC'~2) is the majority coincidence that at least two of the front trigger counters 

have fired; 
MC~2) is the majority coincidence that at least two counters of the M-hodoscope 

have fired; 
B(~>2) is the majority coincidence that at least two two-fold coincidences of over- 

lapping counters occured in the trigger counters belfind the spark chambers; 
is the absence of a signal from any of the six photomultipliers of the t~erenkov 

counter. 
The spark chamber and proportional chamber addresses determining the particle 

traces, latches representing the status of all scintillation counters and the ADC's moni. 
toring the pulse heights of the recoil hodoscope and of the ~erenkov counter photo- 
multipliers were read via a CAMAC system into an on-line PDP-8/E computer, which 
furnished event and histogram displays and buffered the data before transferring it to 
magnetic tape via the DESY IBM 370/168 computer. The trigger rate was about ten 
triggers per 106 tagged quanta. The intensity of 2 - 4  × l0 s tagged quanta per second 
was limited by the rates of the tagging system and the single rates in the front propor- 
tional chambers, which were irradiated by a large flux of pairs and Compton electrons 
The multiwire proportional chambers showed an accidental hit in every third or 4th 
strobe, which could be used for monitoring the beam position. 

3.5. Data reconstruction 

We identified, in a first step, particle trajectories using a pattern recognition pro- 
gram [8] taking events from our raw data sample carrying unique tagging it~forma- 
tion. With the help of a track fitting procedure two-prong events have been recon- 
structed simultaneously in both projections, using the corresponding signals identi- 
fied in the multiwire-proportional- and spark chambers. The fit rendered particle 
momenta and the vertex coordinates. Fig. 5 shows orthogonal projections of recon- 
structed interaction points together with the physical boundaries of the target. 

]'lae (2erenkov information identified outgoing particles above threshold with a 
high probability as K mesons. Since the energy of the incoming gamma is also 
known, one can compute the missing mass and plot the invariant mass of the mea- 
sured K ± pair versus the mass of the recoil system. A two-dimensional plot for 
invariant K+K - mass versus recoil mass is shown in fig. 6, where the elastic ~ signal 
shows up clearly. 

Due to the association of the ~ with higher recoil masses there is clear evidence 
for inelastic ~ production. This evidence was confirmed through the recoil hodo- 
scope, by which it could be proved, that the 'inelastic events' were not elastic with 
a falsly assigned gamma-energy. The kinematic separation of elastic from inelastic 
events could be obtained by selecting events which fell in both mass bands, the 
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Fig. 5. The horizontal, vertical and longitudinal projections of the reconstructed vertices are 
compared with the target boundaries and the vacuum windows. 

invariant K+K - mass around the @ meson (1.01 ~<MKK ~< 1.03 GeV) and the recoil 
mass around the proton (0 ~<Mx ~< 1.15 GeV). The invariant K+K - mass distribu- 
tion for a recoil mass in the proton band is shown in fig. 7. 

As an alternative method for the kinematic separation we fitted the two-prong 
events applying the energy momentum constraint ( IC fit). A probabil i ty  distribu- 
tion for the 1C kinematic fit is shown in fig. 8. From this distribution we selected 
elastic events with a confidence level of  0.95. Both methods gave essentially the 

same results. 
The experimental width of  the recoil proton peak (110 MeV FWHM) and of  the 

mass peak (7 MeV FWHM) is consistent with our experimental momentum and 
energy resolution: o(pK± ) -~ 0.01 pK± f o r p  = 3 GeV and a(E.t) = 25 MeV. As a test 
for both  the mass resolution and the calibration of  the mass scale we analyzed a 
K ° ~ 27r signal in our raw data sample. The invariant mass o f  two-prongs was evalu- 
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Fig. 8. Probability distribution for a 1C kinematic fit. 

ated, where the momenta  of  both  particles were below the ~erenkov threshold for 
pions and the interaction points were downstream of  the end window of  the target. 
The result is shown in fig. 9, where one recognizes the signal K ° ~ lr+Tr - with a 
mass resolution of  6 MeV. 

For the evaluation of  the differential cross section do/dt(Tp -~ ~p), the elastic 
data sample has been subjected to the following conditions: (i) all cuts with respect 
to charge, geometric boundaries and trigger conditions were applied again in the 
off-line analysis to the elastic data sample; (ii) the momenta  of  both  particles had 
to be above ~erenkov threshold; (iii) to each event we assigned a detection effi- 
ciency which was computed with Monte Carlo technics, corresponding to the pho- 
ton energy E~ and the four-momentum transfer t (see subsect. 4.1). Events with 
detection efficiencies below 0.03 were rejected. 

30 

10 

0 
? 

/,50 500 550 
Mlz~(MeV) 

. 1 .  m Fig. 9. The invariant ~r ~r mass of events when both particle momenta were below the ~erenkov 
threshold and the vertex downstream of the target. 
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4. Differential cross section of  the elasticd~ production 

4.1. Corrections 

The differential cross section has been evaluated for bins Ati  

do R i e 
. . . .  , (4.1) 
dti FiAti  n 

with R i = NiWi, where N i is the number of events in the ith energy- and t-bin after 
background has been subtracted, W i is a weight associated with each event calcu- 
lated by Monte Carlo technics, F i is the number of incident photons in the ith energy 
bin corrected for the bremsstrahlung distribution based on the counting rate in the 
seven big tagging channels, Ati is the bin size of the four-momentum transfer squared. 
The quantities n and e are independent of  the individual events: n = pLol/A is the 
number of protons per cm 2 , where p is the liquid hydrogen density, L o is Loschmidt's 
number, l is the target length and A is the atomic weight of hydrogen (in gram), e is a 
product of energy- and t-independent correction factors which are given below: 

(i) losses due to knock-on electrons produced by a kaon in the 
window or radiator of the ~erenkov counter: 1.09 + 0.02, 

(ii) losses in the track recognition procedure: 1.04 -+ 0.01, 
(iii) losses due to the momentum and vertex reconstruction pro- 

gram: 1.12 + 0.02, 
(iv)losses due to multiprong events: 1.035 -+ 0.01, 
(v) losses due to single rate of  the ~erenkov counter (veto rate): 1.02 + 0.01, 
(vi) losses due to hadronic interaction of hadrons in the target 

and scintillation counters: 1.02 + 0.01, 
(vii) losses due to counter inefficiencies: 1.01 -+ 0.01, 

(viii) correction for tagging efficiency and zeros and multiples 
in the small tagging counters: 1.28 + 0.02, 

(ix) correction for the branching ratio BR(¢ -+ K+K- /¢  ~- all): 2.14. 

The overall correction factor e and its systematic error is thus 3.78 -+ 0.14 which 
amounts to a 4% systematic error. 

For the determination of dg/dt the t and E~ dependent correction factors W t 
have been computed using Monte Carlo technics. The following effects have been taken 
into account: the transverse distribution of the photon beam, the multiple scattering 
and nuclear absorption in all materials, energy loss in the target, the decay in flight of 
the kaon including corrections for the possibility that the secondaries from K decay 
cause a ~erenkov signal, the effective geometric and triggering acceptance and kaon 
momentum cuts. 

It was assumed that the decay angular distribution of the ¢ meson has a sin20 
shape, where 0 is the polar angle of K + in the helicity frame. This assumption was 
confirmed experimentally. For further discussion see sect. 5. 
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4.2. Analysis o f  the elastic cross section 

About 4500 events in the energy range from 3.0 to 6.7 GeV have been selected 
falling in K+K - mass bins 1.01 ~<MKK ~< 1.03 GeV and in the recoil mass range 
Mx ~< 1.15 GeV. Using the methods and corrections described in subsect. 4.1 we 
obtained elastic differential cross sections which are presented in fig. 10 and table 

.I ~ • INCIDENTPHOTONo • I 

21r l I 3.0-3.5-1 

0 
,,0 

~), 

t 

-t1.~ 

0.1 0.2 O.3 0.4 

t [0.v21 

Fig. 10. The t-dependence of the differential cross section for the elastic process at different pho 
ton energies. The straight lines are fits to a linear exponential form. 
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3. The straight lines in fig. 10 are best fits to the data using an exponential form 

dt "=d° (do)~_ t=o exp(-Bltl).  (4.2) 

The best fit values for the extrapolated forward cross sections to t = 0 (do/dt)o and 
the slope value B are listed also in table 3. Whereas the cross section measurements 
of this experiment agree with other measurements in overlapping t regions (Itl ~- 0.4 
GeV2), a significant steepening of the differential cross section was observed at for- 
ward direction. 

The slopes of our experimental t-distributions are found to be significantly larger 
than those reported by previous ~ photoproduction experiments [2] which in most 
cases did not cover the small t-region. This fact is substantiated by the single energy 
measurement of the Cornell group * in the same t-region as this experiment. 

The extrapolated cross section intercepts (optical points) (do/dt) o at our energy 
range show an energy dependence. In fig. 11 (do/d0e is plotted as a function of E7 
together with values obtained in other experiments [2]. A simple explanation for 
this energy dependence can be found in applying the VDM relation (2.4). If one 
assumes that 

t~ 47r 
C -  647r ~ (1 + r/i) Ot2ot(~p) (4.3) 

/ 

is constant in our energy range, we can fit the optical points of this experiment 
(including the threshold point) to the relation 

(-~tt) ° =c~Pe~ 2 (4.4) 
-'-kJ CM " 

We obtained the result (fig. 11) C = 2.93 +- 0.08 ~b/GeV 2 . This result explains the 
energy dependence of our data and is in excellent agreement with all other published 
optical points in this energy range. In addition it supports the assumption that 
(1 + ~ )  at~ot(4~p) is essentially energy independent in the energy range considered. 

Furthermore, since the product of (~,~/47r) -1 and atot(~p) is fixed by the above 
value of C (for r/we used the value 0.06 determined in a recent experiment [9]), our 
experiment establishes a correlation between the "r~ coupling constant and atot(~bp) 
which can be compared to values of Otot(¢P) and 3'~/4n obtained both with diffe- 
rent methods and in other experiments. Fig. 12 shows the curve which corresponds 
to the C value obtained in this experiment. The plot shows also the e+e - annihila- 
tion value for 3,~/4~r [10] and of Otot(~p ) obtained by ~ photoproduction on C 12 
(ref. 2(D-MIT)). 

• The authors o f  (C-72) in ref. [2] gave the slope value 5.4 ± 0.3 GeV - 2  assuming a linear expo- 
nential form of  the t-distribution in 0.08 < t < 0.52 GeV 2. 
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Fig. 11. The energy dependence of the optical point. The curve is the best fit to the data of this 
experiment. 

In addi t ion fig. 12 shows upper  and lower bounds  of  Otot(¢p) by  comput ing  
quark sum rules for o(¢p) from total  hadronic cross sections extrapolated from NAL 
energies into the 2 - 1 0  GeV region [ 11 ]. 
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Fig. 12. Relation between ato t and 3,~/4~r due to eq. (4.3) represented by C = (1.14 ± 0.03) × 10 -3  
mb 2 as determined in this experiment. 
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Fig. 13. A fit o f  B of  the relation (4.5) as a function o f s  in the region Irl ~ 0.4 GeV 2. 

4.3. The slope o f  the pomeron 

The analysis of  the ¢ cross section yields information on the properties of  the 
pomeron trajectory as discussed in sect. 2. Because of  the observed t-dependence 
of  the slope B, the analysis of  the pomeron slope was confined to the forward 
region of  the differential cross section. 

Using only data with t ~< 0.4 G e V  2 , all available experimental results * have been 
refitted to the form A exp(-BitD. Fig. 13 and table 4 present the results of  these 
fits. The straight lines in fig. 13 are the best fit to the form 

B = a + 2or'(0) In(s/so) , (4.5) 

with a = 4.2 + 1.4 GeV -2 and a ' (0)  = 0.27 + 0.29 GeV -2 , which is essentially con- 
sistent with 'no shrinkage'. This result is consistent with that at t = 0.6 GeV 2 
obtained by combined cross sections from SLAC and Bonn data ** 

The significance of  this result is limited since we only used data in a comparatively 
small s region. For hadron induced reactions at FNAL-energies the slope value [12] 

• • ~ - - 2  2 of  the pomeron trajectory was obtained to ct (0) ~- 0.2 GeV at t = 0.2 GeV . 

In order to improve the statistics and to increase the energy range, the world data 
on @ photoproduction were grouped into three energy bins as shown in table 5. In 
each bin the slope value of  the differential cross section was evaluated at It[ = 0.2 
GeV 2 by fitting the data over the whole t-region to the form do/dt ~ exp(altl + bt2). 

* Experimental  values for do/dt have been obtained through private communication for all but  
(S-W) in ref. [2]. The data of  (S-W) have been taken from their graph. 

** See (BONN) and (S-W) in ref. [2]. 
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Table 4 

Fit ted slope values obtained for other ~ photoproduct ion experiments with a linear exponential fit 

to the limited range Itl ~ 0.4 GeV 2 

Experiment Photon energy s Slope (Itl < 0.4) 
(GeV) (GeV 2) (GeV - 2 )  

Bonn 2 4.64 4.55 + o . 8 s  

S.B.T. 2.8 + 4.7 8.4 5.67 ± 1.83 
C-72 8.5 16.9 6.55 ± 0.58 
S-W 9.3 18.4 4.16 ± 1.56 
S-CT 12 23.4 5.49 ± 1.20 

13 25.3 6.83 ± 2.29 
14 27.1 6.22 ± 2.47 

Table 5 
Fitted slope values at t = 0.2 GeV 2 of  several experiments referenced in [2] 

Experiment Photon energy s Slope at ltt = 0.2 GeV 2 
(GeV) (GeV 2) (GeV - z )  

D-K 3.0 - 5.6 9.0 5.81 ± 0.20 
S-B-T 2.8 - 4.7 
D-BC 2.5 - 5.8 
D-MIT 5.2 

D-K 5.6 - 6.7 12.6 5.22 ± 0.19 
S-CT 6.0 - 6.5 

s-B-T 9.3 17.6 5.86 ± 0.24 
C-72 8.5 
S-W 9.0 

, . ,7 

O 6  

o 

,'o 2'0 ,80 280 see 
5 (GeVZ) 

Fig. 14. The slope value B at [tl = 0.2 GeV 2 plot ted as a function o fs .  The black points  are 
obtained from photoproduct ion  data and the open circles are from ref. [25].  The solid curve 
represents an effective slope from "¢p  --* ~p":  0.19 ± 0.02 GeV 2. 
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The result is given in table 5. 
It is interesting to compare the pomeron related slopes (4.5) obtained in q5 photo- 

production with the same quantity obtained in purely hadronic reactions at much 
higher energies. In ref. [25] the authors have computed B for '¢Ia' scattering from 
elastic hadronic cross sections measured at FNAL energies, using the SU(3) relation 
with ideal mixing. The slope value obtained from the photoproduction data appears 
to be consistent to that derived from the hadronic reactions, although one has to 
bear in mind that there is a systematic difference in evaluating B from ~ photopro- 
duction and from the experiments of ref. [25]. By fitting the points in fig. 14 to the 
form (4.5), one gets a = 4.66 -+ 0.22 GeV -2 and a'(0) = 0.19 + 0.02 GeV -2. The 
solid curve in fig. 14 is based on the fitted values. 

5. Spin density analysis in the ~b region 

The geometric acceptance of our experimental set up has a reasonable efficiency 
for the entire range of the polar decay angle 0 of the kaon measured in the K+K - 
rest system. Hence for kinematic reconstructed events it was possible to study the 
spin structure of the K+K - system, in particular to evaluate spin density matrix 
elements of the ¢ as a function of the four-momentum transfer t and E. r. 

For the evaluation of the spin density matrix elements Pik we applied two essen- 
tially equivalent methods: 

(i) For the ~b being a spin-1 resonance which decays into two spinless particles 
(kaons), the decay distribution can be expressed in terms of the spin density elements 
Pik as follows [13]: 

3 2 I(0, ~) = ~ -  ~OooCOS 0 + Pil  sin 20 - P1-1 sin 20 cos2~b - x,/2-ReColo) sin 20 cos qS)} , 

P o o  = 1 - 2 P l l  , ( 5 . 1 )  

where 0 and ~b are the polar and azimuthal decay angles of the K + in the rest-system 
of the ~. I is normalized with the total number of events. The experimental data have 
been fitted to the relation (5.1) by optimizing the parameters Ptk using least square 
and likelihood methods. 

(ii) The Pik have also been evaluated by computing numerically moments of spheri 
cal harmonics ( Yz M) from the acceptance corrected experimental decay distribution 
le(O, ~), normalized to the total number of events: 

= +) r (o, d n  (yO> (5.2) 
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The Pig forJ  = 1 are then related to the moments in the following way: 

l , 

Ol-I  = -V/~  Re <Y~ > < yO>, (5.3) 

Re(PI o) : ~ Re (yl____~) <yO)" 

The decay angular distributions have been studied with respect to two reference 
frames. In the s-channel or helicity (H) system the axis of quantisation corresponds 
to the direction of the outgoing phi as seen in the overall center of momentum sys- 
tem. In the t-channel or Gottfried-Jackson (G J) system [14] the axis of quantisation 
corresponds to the direction of the incident photon as seen in the phi-meson rest 
system (see fig. 15). 

By convention the angle between the direction of the K + meson and the z-axis is 
the helicity polar angle 0 and the angle between the x axis and the projection of the 
K + direction on the xy  plane is the helicity azimuthal angle. Experimental efficien- 
cies, related to geometric and decay in flight losses, have been computed with Monte 
Carlo technics for a multidimensional grid of the kinematic variables (MK+K_, E,r, t, 
0, ¢). Inverse efficiencies were used as weight factors for the experimental events 
grouped in corresponding bins. 

Using the methods described before we evaluated density matrix elements p H and ik 
0 GJ referring to both coordinate systems, the H and GJ frames, respectively. The kim ik 

\r- y 

production \ \ ~//#////"////////~" 
ptane 

Fig. 15. Definition of deeay angles in the helicity and Gottfded-Jackson system. 
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Fig. 16. t-dependence of the ¢~ spin density matrix elements evaluated for two energy regions; 
(a) in the helicity frame, (b) in the, Gottfried-Jackson. frame. 
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matic regions of  this analysis were 

1.01 ~MK+ K- ~ 1.03 G e V ,  

4.66 ~< E~/~< 6.70 G e V ,  (2 b ins) ,  

0 <~ It - tmin I ~ 0.2 GeV 2 , (4 bins) .  

The results which we obtained from the different fitting procedures were consistant 
within the errors. The results are listed in tables (6a) and (6b) and plotted in figs. 16a 
and 16b. 

For conservation of the s-channel helicity (SHC) one expects for photoproduced 
mesons a sin20 H distribution of  the decay in the H-frame which is independent of  t 

The experimental decay distribution of  the ¢ showing a sin20 shape confirms SHC 

0.99tMKK*I.00 

50 

~ 0 

~' 1.00 • MKK ,101 

'.~ 100 

0 L. 0 
101" MKK'I02 / 

200 
10000 
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500 200 

I 1.02" MKK'I.03 0 
0 l 1.03" MKK*I.04 

200 ~ - L ~ -  

o.~ , ~ , 

ao:  
1.03" MKK'I.05 

1.07 MKK 1.09 

1.09 * MKK -1.11 

1.11- MKK,l.13 

250 

1.13,MKK,=1.15 

25~ 

0 1.15,~ MK~< • 1.1"/ 

1.19 • MKK -1.21 

COS 8 M 

2 i - M K K ' 1 2 3  

501 

1.25"MKK'127 

5 0 0 0 ~ 1 . 2 7  "MKK'-1.29- 

°_I I 

. d -  - -  . . . . . . . . .  Fig. 17. K K decay angular distributions m the heliclty frame as a function of the mvanant 
K + K -  mass. Solid lines are fits of a superposition of Legendre polynomials to the data. 
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(see fig. 17, 1.01 ~MKK ~ 1.03 GeV). pH 0 is essentially zero in the t range con- 
sidered whereas the corresponding element in the GJ frame shows a clear t depen- 
dence. 

The fact that the off-diagonal elements P~-I ,  Re pH o which are related to spin- 
flip contributions in the ~ production show slight deviations from zero, indicates the 
presence of other than SHC amplitudes contributing to the K+K - spectrum. In par- 
ticular the significant deviation of pGoJ from zero represents the presence of unnatural 
parity exchange (see sects. 6, 7). 

6. Helicity amplitudes for diffractive ~ photoproduction 

The density matrix elements and the differential cross section evaluated in this 
experiment have been used to carry out an analysis of the helicity amplitudes which 
contribute to the ¢photoproduction. This analysis is based on a Regge model for the 
photoproduction and decay of vector mesons which ffas developed by P. Schlamp 
[15] and has been used by I. Derado et al. [16] for an analysis o f a  ° photoproduc- 
tion. The model is restricted to the exchange of even signature, natural parity traject- 
ories. (For details of the model see ref. [ 18]). The t-channel helicity amplitudes are 
then defined by 

Jhc2~z¢ hghp = ~/h02~yhff?,p(t) bxu(t) 1 + e-i~ra(t) //[s~c~(t)-hmax (6.1) 
sin fret(t) \s  o / 

with scaling constant s o = 1 GeV 2, ~ = ~ - Xp, # = ~¢ - L~ and hmax = max([ ?~ l, [/.t I). 
The terms b~u(t) take into account kinematic and Regge singularities and contain also 
dimension factors to make the amplitudes dimensionless. 3,x~x_ x=xp(t), which is pro- 

. . . .  p 
pomonal to the residue function, has been parametnzed as feoffows: 

7xcx~x~xp (t) =g exp(---a[t[ - bt 2) rx~xp-Xp ,  (6.2) 

where constants g, a and b depend on the exchange trajectory a(t). The rxc~x~,p 

are const~ints depending only on the helicity states of incoming and outgoing par- 
ticles. 

In our analysis only the pomeron exchange was considered. Hence a(t) was 
parametrized as 

~( t )  = 1 + ~ ' (0)  t .  

As far as the helicity dependent constants are concerned, only three of them are 
free parameters, rl 1 1/~ -112,ro 1 1/2 -1/2 and r_l  I 1/2 1/2 (because of the overall 
normalization g one can set r I i 1/2 1/2 = 1). Thus we get six independent helicity 
amplitudes in the t-channel using the free parameters above. The explicit form of the 
amplitudes (6.2) can be found in reL [18]. 
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The physical quantities, i.e. the differential cross sections and the density matrix 
elements are related to these amplitudes in the following way: 

do 1 • 

},~bhq, h~.Xp ,'tp,',y p p 
(6.3) 

H , - 1 ~ 1  f ~ , h p , h T h p  .ffh~t~.p,hThp , (6.4) 

pGJ, =L ~ f h ~ h f f h p  t* 
~ Nx~-hpX 3, fh~X3'X~XP' 

(6.5) 

N = ~ es es* 
h~php'hTh p J RcPhP'hT~'P J ~ h p ' h T h p  , (6.6) 

where sufficies H and GJ denote helicity frame and Gottffied-Jackson system, 
respectively. The helicity amplitudes for the s-channel f~Xp,~Xp are obtained by 

means of the crossing relation [ 17 ] from f~x~x ~Xp (See eq. (17) in ref. [ 18 ]). 

By fitting eq. (6.4) to the experimental density matrix elements in the helicity 
frame, three sets of the helicity-dependent c o n s t a n t s  rhdphTh~h p have been evaluated 
by making assumptions about a'. The three cases considered are: 

(A) a'(0) = 0.22 GeV -2 from the pp result [18], 

(B) or'(0) = 0.27 GeV -2 from the result in equation (4.4), 

(C) a'(O) = free parameter . 

The results are listed in table 7a for each case [19]. 

Table 7 
Fit parameters of the helicity amplitudes for different assumptions described in sect. 6 

Fit ¢~'(0) r l l  1/2 -1 /2  ro l  1/2 1/2 r l l  1/2 1/2 X 2/DF 
condition 

A 0.22 0.10 ± 0.66 2.26 ± 0.15 -30 .90  ± 10.41 12.2/14 
B 0.27 0.01 ± 0.17 2.23 + 0.15 -25.36 ± 8.39 12.2/14 
C 0.23 ± 0.50 0.05 ± 0.54 2.25 ± 0.17 -30.83 ± 75.68 12.2/13 

Fit g a b x2/DF t-dependenc~ 
condition 

D 0.58 ± 0.11 e -(altl+bt2) 
E 0 e -altL 

8.58 a 0.09 1.43 ± 0.09 171.8/78 
8.91 ± 0.07 1.90 ± 0.03 203.8/79 
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Using the parameter set obtained for the case (A), the parameters g, a and b were 
obtained by fitting eq. (6.3) to a compilation of all published ¢ data [2]. Here again 
we distinguish 2 cases: 

(D) g, a and b are free parameters, 

(E) g and a are free parameters and b = 0 .  

The fitting results are listed in table 7b. 
The pH calculated theoretically on the basis of (6.4) for the case (A) are plotted 

in fig. 18 as solid curves passing through the experimental values of pH. The corre- 
sponding density matrix elements in the Gottfried-Jackson system from eq. (6.4) are 
als0 given by the solid curves in fig. 18, together with the experimental points. 

The theoretical cross sections due to eq. (6.3) fitted for the assumptions (D) and 
(E) are drawn in fig. 19. In this figure, an experimental curve fitted with data only 
for [tl > 0.4 GeV 2 is presented for a comparison with experimental results for 
Itl < 0.4 GeV 2. 

The helicity amplitudes evaluated for the assumptions (A) and (D) for both s- 

0 b 

Heticity frame Bottfried-Jackson-Syst. 

It 6-1 -,I °t0, 1 I P +I 

] t ' o  ---+- - t-,, '-1,-t,, .j 
.02.05.10.1l, .16.22 .02.06.10.1/, .18.22 

It-tminl [GeV z] It-tminl[GeV 2 ] 
4.1iS<Ey< 6.71 Get/ 

Fig. 18. Spin density matrix elements computed from the diffractive helicity amplitudes (sect. 6) 
together with experimental results; (a) in the helieity frame and Co) in the Gottfried-Jaekson 
system. 
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1.0 

do" 
dt 
pb 

0.1 

I I I ! t I I I I 1 I 

I f~--,J~ ~ o S~C-LRL73 
~J. ['~?l',.~zTk T o SLAC-Wisconsin73 

I ; "Y?~ 9 " Cornea 72 
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~_ihis e x p e r i men fl " ~z~s%.~ . ~ ; : . . ~ . ~ ~ . . . .  
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I t  l [GeV z ] 

Fig. 19. The elastic differential cross sections are plot ted as a function of  t together with other 
experimental results. The curves obtained on the basis of  the helicity amplitude analysis (sect. 6) 
are drawn for the assumptions D (dashed line ) and E (longer dash - - ) .  A linear exponential 
fit to the data in the region t > 0.4 GeV 2, yielding an intercept o f  1.44 + 0.16 GeV 2 and a slope 
o r b  = 4.05 ± 0.19 GeV - 2  are drawn as a solid line. 
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Fig. 20. The t dependence of  the helicity amplitudes computed for diffractive 4~ photoproduc-  
tion are drawn as solid lines. For comparison, the helicity amplitudes for the pO photoproduc-  
tion are shown by the dashed curves. 
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Re fSliC 
Ira fSH(: 

-0.1 

-0.2 

-0.3 

_o.1 _? .? t 

Fig. 21. Real to imaginary ratio of the (SHC) amplitude as computed in sect. 6. 

and t-channels are plotted in fig. 20. For a comparison, the corresponding helicity 
amplitudes for pO photoproduction obtained by Derado et al. * are shown as broken 
lines after being normalized to the scale of  the @ photoproduction amplitudes. 

One notices that the imaginary part of the s-channel helicity conserving ampli- 
tudef l  = f l  1 2 1 1/2 is the most dominant one There are however also small con- . / 
tributlons from s-channel helicity non-conserving amplitudes. This model yields also 
an information on the ratio of the real to imaginary part ?7 of the SHC amplitudes 
f l  : ?7 is substantially smaller in phi photoproduction as compared to rho photopro- 
duction in the entire t-range considered (see fig. 21). 

7. Spin-parity structure of the KK system outside of the d~ 

The angular momentum structure of  the K+K - system has been studied also out- 
side of  the @ mass by analyzing the K + angular distribution in the K+K - helicity 
frame as a function of the K+K - invariant mass. The most notable feature is a dra- 
matic change of the K+K - angular distribution when one passes over the @ mass 
region (see fig. 17). The sin20H distribution in the @ region changes abruptly in cha- 
racter going to larger KK masses, exhibiting a distribution which has predominantly 
a cos20H dependence. Taking a t - t m i  n range from 0 to 0.20 GeV 2 and mass bins 
A M ' K K  = 0.01 GeV, we computed moments of  spherical harmonics of theMKK angu- 
lar distribution in the helicity frame using the relation 

(7.1) 
i 

I¢ i is the acceptance corrected event rate in the angular and mass bin considered. 
For each mass bin the acceptance weights have been evaluated using Monte Carlo 

technics. In fig. 22 we plotted the normalized moments < yM )/( yO ) as a function 

* The authors of ref. [16] used the value 0.5 GeV -2 for the slope of the pomeron trajectory. 
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Fig. 22. Normalized moments of  s~herical harmonics of  the K+K - decay distribution in the heli- 
city system as a function of  the K K -  invariant mass. 

of MKK. The spectra of the moments above the ¢ exhibit in general a very smooth 
dependence on the KK mass, which is an indication that the number of amplitudes 
contributing there to the KK final state is not large. 

The moment for L = 2, M = 0, representing the helicity conserving part of  the 
spin-1 amplitude, shows a negative bump at the ~ mass. It crosses the zero line 
already at MKK = 1.05 GeV increasing almost smoothly to large positive values. 
Small wiggles also in higher moments between MKK = 1.06 GeV and MKK = 1.1 
GeV might indicate the presence of interfering resonant partial waves. The odd- 
integer moments are practically always zero. A small signal of <yO )below the 
mass which disappears at the ¢ mass can be interpreted as an interference between 
the helicity non-conserving part of the ~ production and the presence of the 8993(0 +) 
meson. Although the KK mass distribution shows no direct evidence of the presence 
of 5993, the clear interference signal was the basis for an analysis to estimate limits 
for the photoproduction cross section of the 8993 -+ K+K - .  Assuming the width 
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and mass reported in the Table of  Particle Properties we estimate an upper limit for 
the cross section of  this reaction: 

O("/19 ~ pS993 ~ pK+K - )  ~< 2.7 + 1.5 n b .  

From the amplitude analysis we obtained the result that the assumption of  a real 
amplitude for the production of  a resonant state a t  M K K  = 993 MeV is well consis- 
tent with the data. For details o f  the analysis and results see ref. [20]. 

8. The inelastic 6 production 

By eliminating events due to reaction (1.1) a substantial sample ~ -+ K+K - events 
remained, which failed to fit the elastic hypothesis 3' + P ~ K + + K -  + p. Hence the 
remaining events are of  the inelastic type 

~ ' + p ~ q ~  + X - + K  ÷ + K -  + X ,  (8.1) 

where X denotes a missing mass different from the proton mass. 
The evaluation of  the differential cross section of  the inelastic reaction with respect 
to both,  the missing mass Mx and t - t r a i n ,  needed a careful study of  the acceptance 
corrections of  the experimental apparatus, and of  the background subtraction under 
the ~. In the Monte Carlo calculation of the effective detection efficiency for reac- 
tion (8.1) the following effects have been taken into account, in addition to the 
effects already considered for the elastic data, and were used as corrections in the 
off-line analysis. 

(i) The momenta  of  the decay kaons are for kinematic reasons lower than in the 
case of  elastic data. Thus the decay in flight corrections are of  greater importance, in 
particular because muons from K-decay can cause a veto signal in the (~erenkov coun 
ter. 

(ii) Fast pions from the bulk of  the inelastic final states can in general hit the 
t~erenkov counter and generate an antisignal. 

(iii) The front counter (F) will frequently be triggered by inelastic final state par- 
ticles. This effectively constitutes an enlarged trigger acceptance for inelastic data. 

(iv) Multiprong events, not recognized or considered in the analysis procedure, 
may contribute to reaction (8.1). 

The inelastic sample has been selected by cutting the distribution of  the invariant 
K+K - mass MKK around the 4~ mass region, 1.01 < 1.03 GeV and demanding the 
missing mass M x i> 1.20 GeV. The events were taken from an energy range 4.6 GeV 
< E .  r < 6.7 GeV. This mass cut is equivalent within our uncertainties to a selection 
on the basis of  a kinematic one-constraint fit if  we demand that the fit probability 
for the elastic hypothesis is smaller than 0.001, see fig. 8. The regions of  missing 
mass and momentum transfer squared are given by 1.20 < M  x ~< 2.10 GeV and 
0 ~< It - tminl ~< 0.2 GeV 2 , respectively. 

Fig. 23 shows the K÷K - invariant mass distribution due to reaction (8.1) for 4 
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Fig. 23. Invariant K+K - mass  for 1.2 ~ M x ,~ 2.1 GeV in the  reaction 7P "-' K + K - X  for two 
exper imental  cuts  (a) and (b). 

different energy ranges. The ¢ signal appears on top of a broad K+K - background 
which rises steeply from threshold and becomes rather flat in the mass region above 
the ~b. The missing mass Mx corresponding to the ~b signal was taken from 1.2 to 2.1 
GeV. 

We applied two different procedures to evaluate the inelastic q~ cross section: In a 
cut (a) (fig. 23) we required both K momenta to be larger than 1.8 GeV, thus redu- 
cing the background dramatically but not the ~b peak. In order to compute acceptance 
weights for this cut assumptions have to be made about the decay angular distribu- 
tion of inelastically produced ~b mesons. For cut (b) (fig. 23) the ~b signal was obtained 
by fitting in the upper curves a Gaussian and a polynomial to the ¢ signal and the 
background, respectively. 

Both methods may introduce certain biases: cut (a), because the assumption about 
the angular distribution can influence the acceptance weights; cut (b), because the 
shape of the background polynomial near threshold determines to some extend the 
size of the signal. The results obtained by the two methods were in agreement within 
20%. The plots and numerical results given in this paper are based on the cut (b). The 
errors quoted are statistical ones. A systematic uncertainty of about 20% on the cross 
section can not be excluded. 
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Fig. 24. The double inelastic Cross sections d2a/dMxd(t - tmi n) as a function of t - tmi n for 
different regions in M X. 

Double differential cross sections with respect to t - tmi n have been evaluated foz 
3 mass bins AM x by computing corresponding acceptance weights with Monte Carlo 
technics (fig. 24). 

Differential cross sections integrated over the mass range 1.2 < Mx < 2.1 for dif- 
ferent ?-energies are plotted in fig. 25 and listed in table 8. 

An exponential of  the form 

do = d~ exp(-BIt  - train I) (8.2) 
dlt - train[ t=tmin 

was fitted to the data. Table 8 lists the intercepts (do /d t ) t= tmin  , the slope B, and the 
signal-over-background ratio for 4 energy bins. 

One notices that the inelastic data show in general a flatter t distribution and a 
relatively large cross section. In particular there is evidence that the slope becomes 
smaller with increasing Mx.  This is shown in fig. 26 where the slope is plotted versus 
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Fig. 25. The inelastic cross section with respect to momentum transfer t - tmi n for 4 different 
energy regions. 

Table 8 
Table of the inelastic differential cross sections versus t - t m i  n integrated over 1 GeV mass range 
in t~b/GeV 2 for 4 different pho ton  energy regions 

t - train Incident photon energy (GeV) 
(GeV L) 

4.6 - 5.1 5.1 - 5.6 5.6 - 6.1 6.1 - 6.6 

0.01 0.89 ~- 0.09 0.94 ~- 0.09 1.00 + 0.I0 0.66 ~- 0.06 
0.03 0.89 ~ 0.09 0.96 * 0.09 0.96 * 0.09 0.66 + 0.06 
0.05 0.69 ~- 0.07 0.95 ~- 0.09 0.92 ± 0.09 0.50 ± 0.05 
0.07 0.80 ~- 0.08 0.91 ~- 0.09 0.94 ± 0.09 0.57 ~- 0.05 
0.09 0.79 ± 0.08 0.88 -+ 0.09 0.78 ± 0.08 0.52 * 0.05 
0.11 0.68 + 0.07 0.93 ~ 0.09 0.62 ± 0.06 0.50 + 0.05 
0.13 0.72 ± 0.07 0.80 ± 0.08 0.59 ~- 0.06 0.51 ± 0.05 

0,15 0,93 ~ 0.09 0.59 + 0.06 0.47 + 0.05 0.48 ± 0.05 

0.17 0.68 ± 0.07 1.03 + 0,I0 0.60 + 0.06 0.45 ~- 0.04 

t=tmin GeV------ ~ 0.87 + 0.07 0.98 + 0.06 1.1 + 0.07 0.66 + 0.10 

B(GeV - 2 )  1.47 + 0.80 1.44 + 0.70 4.36 + 0.50 2.29 + 0.50 

The slope values were obtained by assuming a linear exponential form of  the t-distribution. 
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Fig. 26. Slope of  the t - tmi n distribution of  the double differential cross section as a function 
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o f M  X together with results from the reaction K p ~ K+X. 

Mx together with results from K+p ~ K+X [21 ], For a comparison of elastic and 
inelastic $ production one can consider the ratio of total cro~s sections 

oJna(7 p -~ eX) X ~ p .  (8.3) 

:i(~ _,, e p )  

Since due to the limited acceptance of our set up only a part of the total cross sec- 
tions was recorded and since the t slope for large t values is not known, we have 
plotted in fig. 27 the ratio 

doinel(__~p__ ~ ~x) / doet(Tp ">. ep) ) (8.4) 

dl t  - t r a i n [  ] d l t -  tmin l  / t = t m i  n ' 

which has been determined in our experiment and carries information related to 

d~41 t=tmin 

t .3 
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.1 

I I I I 
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Ey 

Fig. 27. The ratio of  inelastic to elastic differential cross sections at t = tmin for different '7 enez 
g i e s .  
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(8.3). The comparatively strong inelastic signal o f  vector mesons in photoproduc-  
t ion has also been observed jn  the photoproduct ion  of  p0 mesons for photon  energies 
from 4 to 18 GeV [22]. 
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