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Abstract

The differential cross section of the reaction (yp » p¢) has bheen measured
in the t range 0 < t < 0.4 GeVZ and foxr photon energies from 3.0 to 6.7

GeV. In particular for the small t regien the measurement accuracy was better

than 10 Z.

We obtained for the slope parameter B in an exponential parametrization of the

differential cross section %% = A e_B £ values of B = 6+0.5 GQVHZ which are

significantly larcer than the slopes obtained by most other experiments at
higher t wvalues. This indicates a t dependence of B particulary in the small

t regiocr.

. . da .
An energy dependence of the optical peint Tehe=0" observed 1n our measurements,
has been explained as a kinematic effect duc to the VDM relation. A fit of our

measurements is in excellent agreement with all other published values of
do . .

L — - £ ki -

T t=O(Yp #p), this implies that o
in this energy range.

tw‘(¢p) must be essentially energy independent
L

Spin density matrix elements of the ¢ have been evaluated and an analysis of
the helicity amplitudes has been carried out. This analysis confirmed s-channel

helicity conservation.

Moments of spherical harmenics 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
. . o
amplitudes have essentially only even moments. The moment <Y2>/<Y0> changes sign
o 4

above the ¢ mass.

Differential cross sections for the inelastic ¢ producticn yp>¢X have been

evaluated for the first time both with respect to t-t o and MX' The integrated
inelastic cross sections are comparable in size with the elastic ones. The slopes
of the differential cross sections do/dt appear to become flater with increasing

M.
X



§1. INTRODUCTTION

. ] . .
In this paper ) results ave prescnted 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 experiment performed at DESY
using a tagged-photon beam, a forward wire-chamber magnetic spectrometer
and a threshold Cerenkov counter. The analysis was essentially concerned

with twe reaction channels

+_
Yp * ¢p - KKop s (1.1

which will be called the 'elastic ¢-photoproduction' (in the spirit of the

vectol—meson dominance picture), and

+_
Yp *+ ¢p > KKX X#p) , (1.2)
which will be referred to as 'inelastic ¢ photoproduction’.

Reaction (1.1} has been studied for pheton energies E_ 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

2,1 GeV.

A = =

(1.2) the missing mass lies in the interval 1.20 < MX

Phi photoproduction has been measured previcusly in a number of experiments up
. ' 2 . '

te photon energies of about 20 GeV ), using mostly a Bremsstrahlung photen

beam, This experiment has several distinguishing features in comparison with

other phi-meson photoproduction experiments:

- It is the first high statistics experiment to systematically analyse the

small t-region, lt! < 0.4 GeVZ.

- The measurement of the incident photon energy and the possibility to re-
construct the kinematic of an elastic event assured the separation of

elastic and inelastic events.



§2. Theoretlcal Interest in ¢ Thotoproduction

The interest in the phetopreoduction of the ¢ meson is closely connected to two

rather fundamental theorctical problems in particle physics:

the photon-hadron coupling 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,

. PC —- . .

J = } . Due to the similarity of the ¢ and v quantum numbers, the ¢ (as well

as the other vector mesons) plays an important role in photon physics for photon

energies greater than a few GeV.

The vector-mescn dominance model (VDM) describes an equivalence beotween the
amplitude fY of the pheton induced reaction vy + B » V + B; and that caused by

a2 transversely polarized vector meson (v' + B > V + B), namely,

e - V3 B heee

where o is the f[ine-structure constant, Yé/&ﬁ is the v—V coupling constant and
V' represents the transverse partof the vector mesons p,w,d (because of the
energy domain discussed, contributions of the ¥ family can be neglected) and B
the target nucleon. So that for the case of ¢ photoproduction on protons the

amplitude from eq. (2.1) is of the following form:

8

F;g(lf’“f’""b*i’) = %%‘; Fq)(QDI’rP“"‘TJ’fP) ) (2.2)

6

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

(Fig. 1).



. . . . . . 3 .
JYhe second point of interest is the 5U(3) assignment of the ¢ meson ). With
the assumption of an ideal singlett-occtett-mixing the ¢ is build solely from

s and s guarks. This assumption is experimentally supported for example by

the measurement of the racio o(rx p — ¢n)/0(ﬁ_p + gn)= 0.035 10.0010, 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

4)

¢ with particle states bulld only f{rom non-strange gquarks 1s strongly inhibited

Becausc therc are no strange direct s— and u-channel resonances which could
couple to the ¢, cnly 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, £ (1270) and £' (1514).

However due to its non-—strange quark content, the P' trajectory, which is
identiiied with the £ (1270), decouplecs in the t—channel'X). Even if one

assumes a similar nature for f' (i514) as for the ¢ mescn, the exchange of
the associated trajectory (P") would be suppressed by its low lying naturc
Thus the elastic ¢p-scattering 1s considered to occur through the exchange of

only the pomeron trajectory.

From eq. (2.2), one obtains the differential cross sections for the phote-

production:

2
P
(§¢ bp) 2{&; ) It (q:p-+q>p), (2.3)

where Py is the momentum of the ¢ meson, kK is that of the incident photon in
the center of mass system and t is the four momentum transfer squared. The

total cross section of the reaction GT(¢p + ép) is obtained by the optical

theorem:

2

do (xp—+o0p) - 2, v
dC o T E () (8) e, @0

¥



witore (dm/dt)t_o is the exiraopolited upileal point and n¢ is the ratio of

real (o 1maginary amplitvdes at ©=0.

In particular the energy dependence of the differential cross section and

of the slope parameter cav be analyzed applving the Regge model and a simple
pole picture for the Pomeron trajectory. Although the nnive pole picture for
the Powmeros trajectory is gererally untenable,as diffraction scattering data
at very high energy have demonstrated, 1t may, at our energy range, still he
a uselul paramctrization. Thus we parametrize the cross section in terms of

a single pole cxchange

do : s 2(a(t)-1) ,
Fral F(e) (g;’) (2.5)

where s 1s the center of mass energy squared, £ 1s a scale fact»r customa-
rily set to | GeVz, a{t) is the exchanged trajectory and F(t) represents the
squarc of the residue function. For the pomeron trajectory a(t) is para-
metrized as ap(t) =1 + aé(O}t with the slcpe parameter ué(o). The regsidue

function Is assumed to lLe

2
Fiy = A oxe (at + bt™) , (2.6)

where A, a and b are parameters determined by experimentelr data.

Consequently the differential cross scction is described as follow:
do . A-axp (s )
ot ! (2.7)

with

msct) = (a+ 23x'0) 2 ($/5)) - £ + pt? 2.8)

An additional insight into the diffractive nature of the ¢ photoproduction

can be obtained studying the ¢ decay.



The analysis of the decay angular distvibution of the Ki system provides
information on the dynamics of the reaction (1.[) by establishing the
statistical population of the spin states of the ¢, with their mass- aud
their t-dependence. It Las been proposed that the s channel helicity con-—
servation is an essential feature of a diffractive process 7). Thus studying
the helicity structure of the ¢ production 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 ¢ photoproducticn

suggested by the Quark model.



§3. Experimental Froccdures

3a Experimental Set 1p

A schematic drawing of the experimental set up is presented in Fig. 2. An
electron beam was ejected from the synchrotron with a momentum spread

CAp/p = 0.25 7. The beam was horizontally focussed to a | x 10 mm2 shape on
an aluminium radiator of 1 mm thickness. Downstream of the radiater, a
tagging system 7as 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 controlied in vertical and horizontal directions, a

sweeping magnet and a lezd-comcrete wall.

At the ligquid hydrogen target {50 cm long and 2.5 cm diameter), the photon
beam was nearly Gaussian shaped with a balf width of 7 mm. The target was
surrounded by a hodoscope which consisted of 23 scintillation counters ecach
3.3 x 57.5 cmz extended parallel to the beam in a cylindrical array of

26 cm diameter. This hodoscope 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.

Phetons, which did not interact in the target, as well as electrons produced
in materials along the beam line, passed through a hele in the front trigger
counters, traversed four planes of multiwire proportional chambers and bhit

a 60 cm long lead absorber suspended at the entrance of a large aperture

analysing magnet,

Hadrons produced at larger angles passed through (i) an array of front
trigger counters, (2) four multiwire proportional chambers, (3) the

Jarge aperture analysing magnet with a field strength of 9.5 kG-meter, (4)
a set of eight spark chambers each | x 1 m2 with magnetic core readout, (5)

a double wall of trigger counters and (6) & gas threshold Cerenkov



counter which discriminated against electrons and pions. The specifications

of each component are presented in Table 1 a.

Data have been taken in three pericds, each with a different incident elec-
tron energy as shown in Table 2. For the lower en:rgy runs (Exp. IT and IIT)
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 ahove;

— only the larger multiwire proportional chambers with vertical and

horizental readeut 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 irside the spectro-

meter magnet;

- the recoil proton hodoscope was removed.
Details are also tabulated in Table | b.

3b Tagging system

The photon beam was generated by the bremsstrahlung of the electrons traversing
the radiater. Their recoil electrons were deflected and passed through an
array of three layers of scintillation counters which tagged the bremsstrahlung

photons impinging on the hydregen target.

The first laver consisted of a picket-fence arrav of 22 scintillation counters

each overlapping 1/3 of its neighbour. This counter array separated the recoil
momentum into 43 bins each with a width of 48.1 Mev. Thus the tagging system

covered an energy band of photons over 2.02 GeV with a top energy of Etop = E~0.5 GeV,

where E is the energy of the incident electron bheam.

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 nmade to investigate basic propertics of the system:
the energy calibration, the intensity dependence of the rate of multiple

tags and the tagging efficiency.

Tor the cncrpy calibrotion, electron pairs produced in a thin tarvget in
front of the wmagnet by tagged photons were obcerved. By reconstructing the
electron pair tracks, the energy of the pair was calculated and compared
with the photon energy from the tapging system. Although the resolution of
the pair spectrometer docs not match the resolution of the tagoing counters
(+ 25 Mev}, the center energy of each counter could be determined rather
precisely to about * 10 Mev. This was alsc checked against the position of

the recoil mass of an clastically produced ¢ mesomn.

The tasging efficiency, defined as the ratio of the number of photons
arriving at the target position to that of electrons triggering the tagging
syste.. was measured by placing a shower counter at the target position. The

efficiency was 89 £ 2 7.

At typical running conditions a beam of 2 x lO5 tagged quanta per second (10 Z
duty cvcle) was used. The rate of multiple tags was 12 % witheout accidental
ones. Only single tags were accepted in the experiment. 1lhe measured cU0Ss
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¢ The Cerenkov 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 x 1.0 m2 steel entrance window

of 3 mm thickness travelled through a radiator of about 1.7 m length. The light
was focused by 6 spherical mirrors of 70 x 70 cm2 each with an aluminium light
collector into the photocathodes of six 58-UVP phototubes through quartz windows.
With Freon-13 at 4 bar the maximum Cerenkov angle (particles of the light speed)
was 70 mrad. For these particles an angular divergence of * 50 mrad could be
accepted, vhich agrees with the divergence of the particle stream hitting the
counter for momenla higher than 1.6 GeV (threshold for pioms). The counter 1s

shown on Fig. 4&.



The phototubes were run at 2.5 KV yielding pulses of about ! velt 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

GeV were

recorded.

. O .
the copiously produced p s, T mesons with momcnta between 2 and 4
identified and the 7 meson signals in the Cerenkov counter were

The test gave an average detection ef{iciency of 98 = 2 Z. Since

the counter was used in veto-mode, no eflfort was made to gain a more accurate

number.

3d

Data Taking

An event

TR =

TR =

where

T(>1)

T{=2)

M(iz)

B(>2)

was recorded when the following trigger requirement TR was fulfilled:

T(>1)+F(>2)*B(>2)«C in Exp I,

T(>1)» F(>2)+M(>2)+3(>2)-C in Exp 11 and ILI,

is an OR-signal formed from a two-fold cecincidence between any two

overlapping back-up counters of the tagging system;

is the majority coincidence that at least two of the front trigger

counters have fired;

is the majority coincidence that at least two counters of the M-

hodoscope have fired;

is the majority coincidence that at least two two-fold coincidences

of overlapping counters occured in the trigger counters behind the

spark chambers;

is the absence of a $ignal from any of the six photomultipliers of

the Cerenkov counters,

The spark chamber and proportional chamber addresses determining the particle

traces, latches representing the status of all seintillation counters, the

ADC's monitoring the pulse heights of the recoil hodoscope and of the Cerenkov

counter photomultipliers 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 trigger per 10 tagged quanta. The intcnsity
of 2-4 =x 105 tagoed quanta per second was limited by the rates of the tapging
system and the single rates in the front propoertional chambers, which were
irradiated by a large flux of pairs and Compton eclectrons. The multiwire
proporticnal chambers showed an accidental kit in every third or 4th strobe,

which could be used for monitoring the beam position.

3e Data Reconstruction

We identified in a first step particle trajectories using a pattern recognit on
8 . . . . .
program )taklng events from our raw data sample carrying a unique tagging 1in-

formation,

With the help of a track fitting procedure two prong events have been
reconstructed simultaneously in both projections, using the corresponding
signa's identified in the multiwire-proportional~ and spark chambers,

The fit rendered particle momenta and the vertex coordinates.

Fig. 5 shows orthogonal projections cof reconstructed interaction points together

with the physical boundaries of the target.

The Cerenkov information identified cutgoing particles above threshold with a

high probability as K mesons.

Since the energy of the incoming gamma is alsc known, cone can compute the missing
+ .
mass and plot the invariant mass of the measured K -pair versus the mass of the
. ; . . . +_ - .
recell system. A two dimensicnal plot for imnvariant K K mass versus recoll mass

is shown 1n fig. 6, vhere 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 reccil hodoscope, by which it could be
proved, that the 'inelastic events' are not elastic events with a falsly assigned

gamma—encrgy.

The kinematic separation of elastic from inelastic events could be obtained by

. . . + -
selecting events vnich fell in both mass bands, the invariant K K mass around the



¢ meson (1,01 < MKK-i 1.03 GeV) and the recoil mass around the proten
; . + - . . . ] .
{0 < MX < 1.15 GeV), The 1nvariant K K distribution for a recoll mass in

the proton band is shown in fig. 7.

As an alternative method for the kinematic scparation we {itted the two

prong events applying the enevgy momentum constraint (le fit).

A probability distribution for the Je kinematic {it is shown in fig. 8. Frow
this distribution we sclected eclastic events with a confidence level of 0.95.

Both methods gav~ cssentially the same results.

The experimental width of the recoil proton peak (110 MeV FWHM) and of the
¢ mass peak (7 MeV FWHM) is consistent vith our experimental momentum and

energy resolution: U(pKi) = O.O]'pKL for p = 3 GeV and G(EY) = 25 MeV.

As a test for both the mass resolution and the calibration of the mass scale we
analyzed a ¥° > 27 signal in our raw data sample. The invariant mass of two-
prongs was evaluated, where the momenta of both particles were below the Cerecn-—
kov 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 Kz + mtw with

a mass resclution of 6 MeV.

For the evaluation of the differential cross section %% (yp + 4p) the elastic data

sample has been subjected tc the following conditions:

— all cuts with respect to charge, geometric boundaries and trigger conditions

were applied again in the off line analysis to the elastic data sample;
~ the momenta of both particles had to be above Cerenkov threshold;

- to each event we assigned a detection efficiency which was computed with
Monte Carlo technics, corresponding to the photon energy EY and the four
momentum transfer t (see § 4a). Events with detection efficlencies below

0.03 were rejected.



§4. Differential Oross Scction of the Blastic ¢ Production

4a CorToctions

The differerntinl crcss scetion has been evaluated for bins At.
1

de - _Eé_. . £ (4. 1)
. ¥1

with Ri = Niwi, where Ni is the number of events in the itn energy~ and t bin
after background has been subtracted, Ni is a welght assoclated with each event
calculated by Monte Carlo technics, Fi is the number of incident photons in
the iLh energy bin corrected for the bremsstrahlung distribution lased on the
counting rate in the seven big tagging channels, Ati is the bin size of the
four-momentun transfer squarved. The quantities n and € are independent of the
individual events: n = pLOE/A is the number of protons per cmz, where p is the
liquid hydrogen density, L, is Loschmidt's number, £ is the target length and

A& is the atomic weight of hyirogen (in grzm). e is a product of energy~ and t-

independent correction facters which are given below:

- josses due to knock-on electrons produced by a kaon in the

window or radiator of the Cerenkov counter: 1,09 £0.02
~ losses in the track recognition procedure: 1.04 #£0.01
~ lesses due to the momentum and vertex reconstruction program! 1,12 #0.02
~ losses due to multiprong events: ' 1.0352£0.01
- losses due to single rate of the Cerenkov counter {veto rate): 1.02 #0.01

~ losses due to hadronic interaction of hadrons in the target

and scintillation counters: 1.02 20,01
— losses due Lo counter inefficiencies: 1.01 #0.01

~ correction for tagging efficiency and zeros and multiples

in the small tagging counters: 1.28 £0.02

) . + -
- correction for the branching ratio BR(¢»K K [¢+all): 2. 14



The overall corrcction factor ¢ and its systematic error is thus 3.7830.14

which amounts to a 4 % systematic error.

. ; - da - . .
For the determinafien of T the t and uY dependent correction factors hi have
been computed using Monte Carlo technics. The folloving 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 Cerenkov signal, the effective geometric

and triggering acceptance and kaon momentum cuts,
. . . . 2
It was assumed that the decay angular distribution of the ¢ meson has a sin”8
. o s . .
shape, where & is the polar angle of K in the helicity frame. This assumption

was confirmed experimentally. For further discussion see §5.

4 Analysisg of the elastic cross section

About 4500 events in the energy range from 3.0 teo 6.7 GeV have been selected
falling in K'K mass bins 1.01 irMKK < 1,03 GeV and in the recoil mass range
My < 115 GeV. Using the methods and corrections described in § 4a we obtained
elastic differential cross sections which are presented in fig. 10 and table 3.

The straight lines in f{ig. 10 are best fits to the data using an exponential form

do . '_CLQ) oxp (-8 18] (4.2)
t dt £=0
The best fit values for the extrapolated forward cross sections tc t = 0

(dc/dt)o and the slope value B are listed also in table 3.

Whereas the cross section measurements of this experiment agree with other
. . . 2 e
measurements In overlapping t reglons (|t It 0.4 GeV™) a significant

steepening of the differential cross section was cohbserved at forward 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 1s substantiated by

*)

the single energy measurement of the Cornell group in the same t-region as

this experiment.



. do
The extrapolated cross scetion intercepts (optical points) Tl 2t our
de .
energy range show an energy dependence. In fig. 1] T 1s plotted as a
2)

funcetion of EY together with values obtained in other cxperiments A
simple explanation for this cenergy dependence can be found in applying the

VDM relation {2.4).

If one assumes that

'
8
J:'

C ’_v cA+q> o, (4 (4.3

is constant in our epergy range, we can fit the optical points of this ex-

periment (including the threshold point) to the relation

{

d 2R
E[f; = ( (Té? . (4.4)
0 ChH

We obtained the result (fig. 11) C = (2.93 £ 0.08) ub/Gevz

This result explains the energy dependence of our data and is in excellent

agreement with all other published optical points in this encrgy range. In
. . . 2,2 . .

addition it supports the assumpticn that (1+n¢)0 tot(¢p) is essentially

energy independent in the energy range considered,

Furthermore, since the product of(Yz/Aﬂ)“]and Gtot(¢p) is fixed by the above

¢

value of C (for n we used the value 0.06 determined in a recent experiment 9)),
our experiment establishes a correlation between the Y¢ coupllno constant and

ctot(¢p) which can be compared to values of 9ot (¢p) and Y J4m obtained both

with different 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

10)

and of o ‘¢p) obtained by ¢ photoproduction

+ - .y ] 2
e e annihilation value for Y¢/4ﬂ fot

on C'2 (Ref. 2 (D-MIT)).



In addition figure 12 shows uppner and lower bounds of otot(¢p) by computing
quark sum rules for ¢{dp) from tcetal hadronic cross sections extrapolated

D

from NAL energles Into the 2-10 GeV region : .

Laa

be The slape of the nomeren

The analysis of the ¢ cross section yields information on the properties of

the pomeron trajectory as dilscussed 1m §2. Because of the observed t"depcudencé
of the slope B the analysis of the pomeron slope was confined to the {orward
region of the differential cross section.

Using only data with ¢ < 0.4 GeVz, all eavailable experimental results =)
have been refitted to the form A cxp (~B‘ti). 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 o= b+ 26 (0) - 0n ($/$) , 4.5)

with b = 4.2+1.4 GeV 2 and .a'(0) = 0.270.29 GeV 2, which is essentially
consistent with "no shrinkage'. This result is consistent with that

%)

2 . . . - .
at t = 0.6 GeV™ obtained by combined cross secticns 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 INAL-energies
2)

at t = 0.2 GeVz.

the slcpe value of the pomeron trajectory was obtained to o'(0) = 0,2 GeV_2

In order to improve the statistics and to increase the energy range, the world data
on ¢ photoproduction were grouped intec three energy bins as shown in table 3.
In each bin the slope value of the differential cross section was evaluated at

t = 0.2 GeV2 by fitting the data over the whole t-region to the form
do
dt
together with the result from ref. 15, Here the authors have computed the cross

« exp (a t + btz). The result is given in table 5 and plotted in fig. 14

section using the SU(3) relation with ideal mixing from elastic cross sections

of mp and kp scattering at FNAL energies. Thus the sliope value obtained from the
“photeproduction data is consistent to that derived from the hadronic reacticnus.
| By fitting the points in fig. 14 to the form (4.5), one gets b = 4,66+0,22 GeV_2
and a'(Q) = 1.,19+0.02 Gerz. The solid curve in fig, 14 is based on the fitted

values,



§5. Suin Density Analysis in the ¢ Reglen

The seometric 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
KK restsystem. Hence for kinematic reconstructed events it was possible to
study the spin structure of the R system, in particular to evaluabte spin
density matvix elements of the ¢ as a function of the four momentum transier

£t and E
¥

For the evaluation of the spin density matrix elewments P e applied two

essentially equivalent methoeds:

(1 For the being a spin | rescnance which decavs Into two spinless
E b ¥ I
particles (kaons), the decay distribution can be expressed in terms

3

of the spin density elements Py @8 follows

2 . .
| I(e,dm%{g,,oos ©+¢, im0 -, Sin'ates 1g - 12 R (8 ) sndowsdf oo

poo =1 -2 p11

. + .
where & and ¢ are the polar and azimuthal decay angles of the K 1in the

restsystem of the ¢. I is normalized with the total number of events.

The experimental data have been fitted to the relation (5.1) by opti-

mizing the parameters ik using least square and likelihood methods.

(1i) The Pl have also been evaluated by computing numerically moments of

. ] M .
spherical harmeonics <Y_ > from the acceptance corrected experimental

L
decay distribution IC(6,¢), normalized to the total number of events:

H
< >

A

= V1,000 Y[ (9,9 4Q (5.2)

The pik for J=1 are then related to the moments in the following way:



L
Q
o
W

45 <> 4y
3 <V

n

2
fs—a '"l//"g: Re dj—iz

LYy o

Re (§,,) = 7.5{. Re <V >
<Y>

The decas angular distributions have been studied with respect to two reference

frames.In the s-channel or helicity (H) system the axils of quantisation corres-

ponds to the direction of the outgeing phi as seen in the overall center of

. 1 .
momentum system. In the t-channel or Gottfried-Jackson (G-J} system 4) the axis

of quantisation corresponds to the direction of the incident photon as seen in

the phi meson restsystem (see figure 15).

. . . + . .
By convention the angle between the direction of the K -meson and the z—axis 1s
the helicity polar angle © and the angle between the x-axis and the projection

of the K direction on the xy-plane is the heliciy azimuthal angle.

Experimental efficiencies, related maiirly to geometric and decay in flight
losses, have been computed with Mente Carlo technics for a multidimensional grid
of the kinematic variables (MK+,—, Ey, t, 8, ¢). 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 D?k and

GJ . .
P referring to both coordinate systems, the H resp. G-J frames.

The kinematic regioms of this analysis were

1.01 f-MK+K_ < 1.03 GeV,

4.66 < < 6.70 Gev (2 bins),

o
[ A

‘t—t . ‘<: 0.2 Gev2 {4 bins).
min -

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

and plotted in figs. 16a and 16b.
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Tor conservation ol the s-channel helicity (SHC) one expects for photoproduced

¢ mesons a sinZOH distribution of the deca; in the H-frame which Is indcpendent
of t. The cxperimental decay distributiocn of the ¢ showing a sinze shape confirms
SHC (see fig. 17, 1.01 < MKK < 1,03 GeV). p:O ig essentially zero in the t range
considered whercas the corresponding element in the G-J-frame shows a clear t

dependence.,

The fact that the offdiapgonal elewents D?—l’ Re &20 which are related to spin-

flip contributions in the & produrtiecn show slight deviations from zero,

. . o . - . +
indicates the presence of other than SHC~amplitudes contributing to the K K

spectrum. In particular the significan+ deviation of QGJ from zero represents

the presence of unnatural parity exchange {(sce §6 and §7).



_20_

§6, Helicity Amplitudes for Diffractive & Photoproduction

The density matrix elements and the differential cross secticn evaluated in
this expeviment have heen 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 photeproduction and decay

15)

of vector mescns which was developped by P. Schlamp

6 )

and has been used by
I. Derado et al. for an analysis of p° photoproduction. The model 1s re-
stricted to the exchange of even signature, natural parity trajectories.

(For details of the model see ref. 18). The t-channel helicity amplitudes are

then defincd by

t o
- - ATTOL (¢ -

(6.1)
)

. . - 2 _ _ _ N -
with scaling constant s, = 1 GeV™, A = kﬁ Ap’ u = A¢ AY and Amax = MAX(IAI,IMI).

The terms bku(t) take into account kinematic and Regge sinpularities and contain
also dimension factors to make the amplitudes dimensionless,

Yy (t) which is proportional to the residue function has been parame-
¢ Ylﬁ/\p
trized as follows:

| = * @x b "&l"‘ tz .
deﬂ"ﬁ??\p(” g exelatt-be) "Alyapae -

where constants g, a and b depend on the exchange trajectory a(t). The T, A'kﬁk
$YFP

are constants depending only on the helicity states of incoming and

outgoing particles.

In our anmalysis only the pomeron exchange was considered, Hence a{t) was

parametrized as

a(t) = 1 + a'(o)tc



As far as the helicity dependent constants arc concerned, only three of them

are free parameters, r

Pl

1/2 =1/2 »* r011/2—1/2 Hndr__]]

1/2 lfzﬁbecause of the

overall normalization g one can set Ty oq/2 12 1}.Thus we get six indepen-

dent helicity amplitudes in the t-channel using the free paramcters above.

The explicit form of the amplitudes (6.2) can be found in ref. 18.

The physical quantities, i.

e.

the differential cross sections and the density

matrix elements are related to these amplitudes in the following way:

.d»g_ = A Ft’ Ft i
dt gr (s-w)T E MNP Re Agkedp (6.3)
Aehrdple
H _ %
S0 = A ¢ ¢
foke ~ W Rode' 22 Fz‘Q Lo Ay dp 6.4
re' Ayde
6-2 - + Ft.*
ko N Re 2gp2e Xp2ghple (6.5)
aﬁkelg
- ¥
N e ‘ 3
FK¢2FR7L? Fk¢lgﬁ{%F (6.6)

}¢1ﬁkizr

where sufficies H and GJ denote helicity frame and Gottfried-Jackson system,

vegpectively. The helicity

. . 1
by means of the crossing relation

(See eq. (17) in Ref. 18 ).

amplitudes for the s—channel f;

7) t
from fA N

¢ Y PP

AN

¢ pYP

are cbtained

By fitting eq. (6.4) to the experimental density matrix elements in the

helicity frame, three sets

have been evaluated by making assumptions about a'.

cases considered are:

of the helicity dependent constants 1Y

The three

from the pp result 18),

from the result in equation {4.4), and

(A) «'(0) = 0.22 gev 2
(B) o'(0) = 0.27 cev™?
(C) a'(D) = frec parameter.

The results are listed 1in t

19)

-

able 7a for each case

A OAh
¢ Y PP
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Using the parameter set obtained for the case (A), the parameters g, a and b
. o . . . 2
were obtalned by {itting eq. (6.3) to a compilation of all published & data }.

Here again we distinguish 2 cases:

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

(E) g and a are free parameters and b = 0.
The fitting results are listed in table 7 b.

H . .
The Oik calculated theoretically on the basis of (6.4} for the case (A) are
plotted in fig. 18 as solid curves passing through the experimental walues of
H . . . . ;
Pl The corresponding density matrix elements in the Gottfried-Jackson system
from eq. (6.4) are alsc given by the solid curves in fig. 18, together with the

experimeatal points.

The thcoretical cross sections due to eq. (6.3) fitted for the assumptions (1)

and (B) are drawn in fig. 19. In this figure, an experimental curve fitted with
2 . . . .

data only for ‘tl > 0.4 GeV™ 1s presented for a comparison with experimental

results for |ti_§ 0.4 Gesz

The helicity amplitudes evaluated for the assumptions (A} and (D) {for both s-
and t-channels are plotted in fig. 20. For a comparison, the corresponding
helicity amplitudes for 0° photoproductioﬁ obtained by Derado et al. *) are
shown as broken lines after being normalized to the scale of the ¢ photo-

production amplitudes.

One notices that the imaginary part of the s-channel helicity conserving
amplitude fl = f} /2 1 1/2 is the most dominant one. There are however also

small contributions from s-channel helicity nen-conserving amplitudes,

This model yields also an information on the ratio of the real to imaginary part
n of the SHC-amplitudes f]: n is substantially smaller in phi photoproduction

as compared to rho photoproduction in the entire t range considered (see fig.

21).
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§7. Spin Parity Structure of the KK System cutside of the é

The angular momentum structure of the KK system has been studied alse outside
of the ¢ mass by analvzing the K angular distribution in the e helicity frame
as a function of the K K invariant mass. The most notable feature is a dramatic
change of the K% angular distribution when one passes over the ¢ miss region
(see fig. 17). The sinzeH distribution in the ¢ region changes abruptly in
chavacter going to larger KK masses, exhibiting a distribution which has predomi-

2
nantly a cos 8

; 2
q dependence. Taking a t—tmin range from O to ©,20 GeV ™ and mass

bins AMK” = 0.01 GeV, we computed moments of spherical harmonics of the M1k angular
4 "
distribution in the helicity frame using the relation
M H R H, H H
A4 = 1
¥y LW (05,05, M) Yy (84,95) (7.1

i

W, 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 pliotted the normalized moments <Y§>/<Yg> as a function
of MKK' The spectra of the moments above the $ exhibit in general a very smooth
dependence on the KK mass, which 1s an indication that the number of amplitndes

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 I
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 1n higher moments between MKK = 1,06 GeV and MKK = 1,1 GeV might 1ndicate

the presence of interfering resonant partial waves. The odd integer moments are

o
>
1
appears at the ¢ mass can be interpreted as an interference between the helicity

practically always zero. A small signal of <Y.> below the ¢ mass which dis-

non conserving part of the ¢ production and the presence of the 8993(0+) meson,

Although the KK mass distribution shows nc direct evidence of the presence of

8993, the clear interference signal was the basis for an analysis to estimate

. . . + - .
limits for the photoproduction cross section of the § meson + K K . Assuming

993
the width and mass reported in the Table of Particle Properties we estimate an

upper limit for the cross section of this reaction:



_2[}_

+ -
{yp ~» 138993 > pK K ) < 2.7 £ 1.5 nb

From the amplitude analysis we obtained the result that the assumption of a
real amplitude for the production of a resonant state at MKK = 993 MeV is well

consistant with the data. For details of the analysis and results sec ref, 20.
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§8. The Inelastic ¢ Production

.. . . . + -
By eliminating events due to reaction (1.1) a substantial sample ¢ » K K

. . . . . . +
events remained, which failed to fit the elastic hypothesis y + p>» K + K + p.

Hence the remalning cvenis are of the ineclastic type

Y4+porg+ XK +K +X (8.1)

where X dencotes 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 Lt needed a careful study of

the a:ceptance correcticns of the experimental apparatus, and of the background
subtraction under the ¢. In the Monte-Carlo-calculation of the effective detection
efficiency for reaction (8.1) the feollowing 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:

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 cof greater
importance, in particular because muons from K-decay can cause a vetosignal

in the Cerenkov counter.

~ Fast pions from the bulk of the inelastic final states can in general hit

the Cerenkov counter and generate an antisignal.

— The front counters (F) will frequently be triggered by inelastic final
state particles. This effectively constitutes an enlarged trigger acceptance

for inelastic data.

- 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 ¢ mass region, 1.01 E-Mkk < 1.03 GeV and demanding the
missing mass Mx > 1.20 GeV. The events were taken from an energy range 4.6 GeV <
EY < 6.7 GeV. This mass cut is equivalent within our uncertainties to a selection

on the basis of a kinematic ome constraint fit if we demand that the fit proba-
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bility 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 <

2 .
Mx 5_2.10 GeV and O i—lt_tmin < 0.2 GeVY, respectively.

. + - . . . . . .
Fig. 23 shows the K K invariant mass distribution due to reaction (8.1) for
- . + —
4 different energy ranges. The ¢ signal appears on top of a broad K K back-
ground which rises steeply from threshold and becomes rather flat in the mass

region abeve the ¢. The missing mass M corresponding to the ¢ signal was

X
taken from 1.2 to 2.1 GeV.

We applied two different procedures to evaluate the inelastic ¢ cross section:
In a cut a) (Fig. 23) we required both K momenta to be larger than 1.8 GeV,

thus reducing the background dramaticly but not the é-peak. In order to compute
acceptance weights for this cut assumptions have to be made about the decay
angular distribution of inelasticly produced ¢ mesons.

For cut b) (Fig. 23) the ¢ sipnal wes obtained by fitting in the upper curves

@ 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 polvnomial near threshold determines
to some extend the size of the signal.

The results obtained by the two methods were in agreement within 20 I,

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.

Double differential cross sections with respect to t--tmin have been evaluated
for 3 mass bins AMX by computing corresponding acceptance weights with Mounte

Carlo technics (fig. 24).

Differential cross sections integrated over the mass range 1.2 < Mx < 2.1 for

different y-energies are plotted in fig. 25 and listed in table 8.

An exponential of the form

do do
dlt-t

e (8.2)

min|
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was fitted to the data. Table 8 lists the intercepts g% (=t ,the slope B,

and the signal-over-background-ratio for 4 energy bins. i

One notices that the inclastic data show in general a flater t distribution

and a relatively large cross section. In particular there is evidence that

the slope becomes smaller with increasing M_. This is shown on [ig. 26 were

. . - +
the slope is plotted versus MX together with results from K+p - K X 21)

For a comparison of elastic and inelastic ¢-production one can consider the

ratioc of total cross sections

inel
U (vp » ¢X)
< | X #p (8.3)
o (yp =~ ¢p)

Since due to the limited acceptance of our set up only a part of the total
cross sections was recorded and since the t slope for large t-values

is not known we have plotted in fig. 27 the ratic

I
1 |
3ol (yp > 430 ol (vp > ¢p)

!
dl?_tminl dit—t

. | t=t_ . (8.4
min min

which has been determined in our experiment and carries an information
related to (8.3). The comparatively strong inelastic signal of
vector mesons in photoproduction has also been observed in the photoproduc-

tion of p° mesons for photon energies from 4 to 18 GeV 22).
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FOOTNQOTES
Footnectes Page 4
% The f meson decays predeminently into pure pion final states,

0.81 + 0,01, BR({+47/I»a11) = 0.028 + 0.003,
5))

BR{f+2r/f>all)

BR(f+R§/f+all) 0.027 + 0.006 {sece Rcsenfeld tables and
s+ The decay branching ratio of the £' meson is net accurately known.
It will not entirely decouple from pp. By considering its mass
and spin, the intersecting point of the P" trajectory would be

6
smaller than af(O) = 0.41 ).

Footnote Page 14
3= The authors of (£~72) in ref. 2 gave the slope value 5.4 = 0.3 CoV

assuming a linear exponential form of the t—distribution in

2
0.08 < t < 0.52 GuV
Footnotes Page 16
3 Expevrimental values [or do/dt heve been obtalned througlh privat
communication for all but (S5-W) in ref. 2. The data of (&-W) have
been taken from theilr graph.

202 See (BONN) and (S W) in ref. 2.

Footnote Page 22

= The authors of ref., 16 used the value 9.5 GeV—2 for the slope of

the pomeron trajectory.
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Table Captiouns

e
.

A summary of specifications of components used 1n this experiment,

(a) for Exp I, (b) components changed in (a) for Exp IT and Fxp IIL.
A summary of the energy ranges used in these experiments.

. . . . . 2 .
The elastic differential cross sections in pb/GeV . The optical
points and the slope values are fitted values assuming a linear

exponential t-dependence.

Fitted slope values obtained for othe1 ¢ photoproduction experiments

. . . . . 2
with a linear exponential fit to the limited range‘tl < 0.4 GeV'.

Fitted slcpe values at t = 0.2 GeV2 of several experiments

referenced in 2},

The spin density matrix elements for the elastic data, (a) in the

helicity— and (b) in the Gottfried-Jackson frame.

Fit parameters of the helicity amplitudes for different assumptions

described in §6.

Table of the inelastic differential cross sections versus t-t ;

, . 2 : A
integrated over 1 CeV mass range in ub/GeV™ for &4 different photon
energy regions. The slope values were obtained by assuming a linear

exponential form cf the t-distribution.
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Table 2

Period

Electron rnergy

Photon Energy

Experiment I
Experiment II

Experiment III

7.2 GeV
5.5 GeV

5.2 GeV

4.65 - 6.70 (eV

3.0 - 5.0 Gev

3.0 - 4.5 GeV
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TABLE 4

Experiment Photon Energy (CGeV) s (Cev?) " Slope ([t| < 0.4) (Gthz)

Bonn 2 4.64 4.55 £ 0.85
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

Slepe at ]tl = 0.2 GeV?
Experiment Photon Energy (GeV) S (G2V?) (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
5-Ct 6.0 - 6.5

S-B-T 9.3 17.6 5.86 = 0.24
Cc-72 8.5

S-W 9.0
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Table 7

. E T bF
condition 11y /2-1/2 0ly/2 1/2 W1/ 1/2 )¢

A 0.22 0.10 + 0.66 | 2.26 = 0.15 | -30.90 & 10.41 | 12.2/14

B 0.27 0.0L + 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-dependence
condition

_ 2
D 8.58 + 0.09 | 1.43 + 0.09 | 0.58 = 0.11 | 171.8/78 | e (alt] + pt?)
E 8.91 + 0.07 | 1.90 = 0.03 0 203.8/79 oalt!




Table 8

t—tmin Incident photon energy.(GeV)
(Gev?) 4.5 - 5.1 5.1 - 5.6 5.6 - 6.2 6.2 - 6.7
0.01 0.8 + 0.09 | 0.94 + 0.09 | 1.00 £ 0,10 | 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 + 0,071 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 = 0.10 | 0.60 £ 0.06 | 0.45 + 0,04
d9feid
dc{\Gev| 0.87 £ 0.07 | 0.98 # 0.06 | 1.1 % 0,07 | 0.66 ¢ 0.10
t=tmin
B(Cev 2)| 1.47 + 0.80 | 1.44 + 0.70 1 4.36 £ 0.50 | 2.29 £ 0.50




Figure Captilcns

11,

12.

The producticon mechanism of the ¢ mescn based on the vector meson
dominance model., The elastic ¢ is produced by the exchange of a

single pomeron trajectory.
The experimental cet up used for Exp I.

The distribution of photons observed in the tagging channel. The
solid curve represents an expected spectrum from the bremsstrahlung

process.

Schematic drawings of the Cerenkov counter, (a) side view and (b) top

view. The Cerenkov light is reflected and focussed by six mirrors

into photetubes.

The horizontal, vertical and longitudinal projections of the reconstructed

vertices are compared with the target boundaries and the vacuum windows.
) . . . . . + - .
The event distribution for invariant K K mass versus recoil mass.
. . +..= . . . . . .
The invariant ¥ K mass distribution for recoil masses in the proton reglon.

Probability distribution for a 1-C kinematilc fit.
. - + = .
The invariant w v mass of events when both particle momenta were below

the Cerenkov - threshold and the vertex downstream of the target.

The t-dependence of the differential cross section for the elastic process
at different photon energies. The straight lines are fits to a linear

exponential form.

The energy dependence of the optical point. The curve is the best fit to

the data of this experiment.

Relation betweencﬁtot and YE/AH due to equation (2.4) represented by
3

c= (i.14 # 0.03) - 10”7 m@ as determined in this experiment.



13.

14,

15.

17,

18.

19,

20,

21,

A fit of B of the relation (2.8) as a function of s in the region

|t} 0.4 cev’.

. 2

The slope value B at‘t‘= 0.2 GeV” plotted as a function of s. The
black points are obtained from photoproduction data and the open
cireles are from vef. 15, The solid curve represents an effective

slope from "¢p = ¢p": 0.19 * 0.02 GeVz.

Definition of decay angles in the helicity and Gottfried-Jackson

system,

t-dependence of the ¢ spin density matrix elements evaluated for two
energy regions
a) in the helicity frame

b} in the Gottfiried-Jackson frame.

+ — . . . . ..

K K decay angular distributions in the helicity frame as a function
' . . + - . . .

of the invariant K K mass. Solid lines are fits of a superposition

of Legendre polynomials to the data.

Spin density matrix elements computed from the diffractive helicity
amplitudes (§6) together with experimental results
a) in the helicity frame and

b) in the Gottfried-Jackson system.

The elastic differen=ial cross sections are plotted as a funection of

t together with other experimental results. The curves obtained on the

basis of the helicity amplitude analysis (§6) are drawn for the assumptions

D (dashed line ---) and E (longer dash —). A linear expecnential fit to
the data in the region t > 0.4 GeVz, yielding an intercept of 1.44 %
0.16 GeV2 and a slope of B = 4,05 % 0.19 GeV_2 are drawn as a

solid line.

The t dependence of the helicity amplitudes computed for diffractive
¢ photoproduction are drawn as solid lines. For comparison, the
helicity amplitudes for the p° photoproduction are shown by the dashed

curves.

Real to imaginary ratio of the (SHC) amplitude as computed in §6.



22,

23,

24,

25,

26,

27,

. . . +.,”
Normalized moments of spherical harmonics of the K K decay
. . . . .. . + -
distributicn in the helicity system as a function of the K K
invariant mass,
. + - . .
Invariant K K mass feor 1.2 < M% < 2.1 GeV 1n the reaction

. + -
yp > K K X for two exrerimental cuts a) and b).

The deuble inelastic cross sections dzc/ded(t—t . ) as a function
min

of t-t . for different regions in M_.
min d en gion n MX

The inelastic cross section with respect to momentum transfer

t—tmin for 4 different encrgy regicns.

Slope of the t--tmin ~ distribution of the double differential
cross section as a functior of MX together with results from

) + +
the reaction K p - K X,

The ratio of inelastic to elastic differential cross sections.

at t=t_. for different y-energies,
min
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