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ABSTRACT

A study of ¢-meson photoproduction by partially polarized photons of
energy 20-40 GeV is reported. The production mechanism is found to con-
serve s—channel helicity and to proceed via natural-parity exchange in the
t channel. 1In the photoproduction of high-mass K'K™ states with photons
of energy 20-70 GeV, there is evidence for an enhancement at a mass of

1.76 GeV with width 0.08 GeV.
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INTRODUCTION

The photoproduction of ¢ mesons at photon energies of 20-40 GeV has
been studied previously [1]. 1In this paper measurements of ¢ photoproduc-
tion with partially polarized photons are presented; this enables separa-

tion of the contributions to the total cross-section from natural and

unnatural parity exchange.

The high-mass KK spectrum is of considerable interest in the search
for possible radial excitations of the ¢ meson. Further evidence is re-
ported here for an enhancement at 1.76 GeV, already observed in a previous

phbtoproduction experiment [2].

EXPERIMENT AND DATA REDUCTION

The data presented here originate from an experiment (WA57) using the
CERN SPS tagged photon beam at the Omega spectrometer. A silicon crystal
was used as a target to produce, by means of coherent bremsstrahlung, lin-
early polarized photons of energy 20 to 70 GeV with a resulting mean
polarization of 30% [3]. A full description of the apparatus can be found
in [4].

The data for the reaction
+ -
YP ? KK p (1)

originate from a trigger requiring two or three forward charged particles.
Electron-positron pairs were rejected by demanding no signal from a shower
counter array in the median plane downstream of the spectrometer. Offline
selection required two or three charged particles to be reconstructed to a
single main vertex within the hydrogen target with charge balance 0 or +1
(in the latter case one positive track had to be consistent with the
hypothesis of a recoil proton). A large-aperture 32-cell gas threshold
Cerenkov counter downstream of the Omega spectrometer was used for charged
particle identification. The thresholds for w,K andvp were 5.6, 17 and

32 GeV/c, respectively. The offline identification of charged kaons was
made by requiring a track with momentum between 5.6 and 17 GeV/c with a
correlated signal between slats from two hodoscopes in front of and behind

the Cerenkov counter together with no light from the corresponding Cerenkov
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cell. For ¢ photoproduction both fast tracks had to fulfill these criteria
(in the following called "KK2" events). To increase statistics in the high
KK mass region (above 1.046 GeV) events were also accepted where only one
track was identified as a charged kaon whilst the other was required to
have momentum > 20 GeV/c and to produce light in the Cerenkov counter.

This latter data sample is called "KK1" and covers the photon energy range
up to 70 GeV.

Final selection of reaction (1) required the energy difference
|AE| = IEY-EKK
the recoil proton and is only included when measured). The quantity AE is

—Tpl to be less than 1.5 GeV (Tp is the kinetic energy of

shown in Fig. la for KTk masses in the ¢ range (1.002 to 1.046 GeV) and in
Fig. 1b for K k™ masses above 1.046 GeV. A subsample of events have one or
more signals in the photon detector downstream of the Cerenkov counter
which cannot be reconstructed to form #° or n mesons. Figure lc (¢ range)
and Fig. 1d (high masses) show AE for these events. The inelastic con-
tamination within |AE| < 1.5 GeV is not changed significantly for the ¢
mass range but is considerably increased for the high-mass events. Conse-

quently, the events contributing to Fig. 1d were rejected.

ACCEPTANCE

The geometrical acceptance of the apparatus was obtained by a Monte
Carlo simulation assuming diffractive production of the kK™ system [energy
independent total cross-section and differential cross-section do/dt « exp
(-b|t]), with b = 5 GeV 2]. For the ¢ meson a decay angular distribution
in the helicity frame of the form W(cos 0) « sin® 0 was used as input (see
Ref. 5 for the definition of the angles). For the high KK mass region the
decay angular distribution was assumed to be isotropic. The acceptance
program accounted for losses due to the trigger requirements, pattern re-

cognition and vertex reconstruction as well as for hadron rejection by the

“electromagnetic shower counter and inefficiencies of the kaon reconstruc-

tion.

EXPERIMENTAL RESULTS

4.1 ¢-meson production

Figure 2 shows the K+K_ mass spectrum for the KK2 events indicating a

strong ¢$(1019) signal. The dashed line represents the geometrical acceptance.
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The total of 1135 ¢-meson events (1.002 < mKK < 1.046 GeV) deduced from

this spectrum corresponds to a production cross-section of
olyp > ¢p)*B(¢ » K'K7) = 224 + 7 + 50 nb
(where the quoted errors are statistical and systematic, respectively).

The four-momentum transfer, |t|, distribution is well fitted by an ex-
ponential form [do/dt = do/dtlt_o X exp (-b|t]|)] giving the following
values for do/dtlt_° and b respectively [taking B(¢ - K+K—) = 48%] in two

ranges of incident photon energy:

E_ = 20-27 GeV  do/dt]| =2.01 + 0.19 pb
Y t=0

b =5.26 + 0.30 GevV 2
E_ = 27-40 GeV  do/dt]| =2.39 £ 0.22 wb
Y t=0

b =5.02 + 0.26 GeV >

(the quoted errors are statistical errors given by the fits). All values

found are compatible with earlier measurements [1].

Figures 3a and 3b show the decay éngular distribution of the ¢ meson
measured in the s-channel helicity frame in terms of cos © and ¢y = $-¢,
the K' direction taken as the analyser (see Ref. 5). For the diffractive
photoproduction of an s-channel helicity conserving JP =1 state with

polarized photons this decay angular distribution is expected to be [6]:
W(cos 0,y) « sin® @ (1 + PY cos? ¥)

The curves in Figs. 3a and 3b show the result of a fit of the data to

W(cos O6,¢y). The curves describe the data well and the fit gives a mean
photon polarization of P. = 0.29 * 0.07 in agreement with the value of

30% calculated from the photon tagging system [3]. To obtain the nine
spin-density matrix elements describing the ¢ production, the acceptance-
corrected spherical harmonic moments of the decay angular distribution were

evaluated. The results are listed in Table 1 and are consistent with the
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expectation for s-channel helicity conservation: there are only two non-
vanishing matrix elements, pi_l = -Im p:_l = 1/2. The contributions to
the total cross-section from natural (oN) and unnatural (ou) parity exchange

in the t-channel have been calculated from

where

giving

P =0.94 £ 0.34 .
o

This is consistent with the dominance of natural-parity exchange in the

production process.

4.2 Production of high-mass K K_ states

High-mass kK™ pairs are of special interest because of the possible
existence of radial excitations of the ¢ meson. An earlier experiment at
the CERN Omega Spectrometer has shown evidence for an enhancement at
1.748 % 0.011 GeV with a width of 80 * 30 MeV in the invariant K'K_
mass spectrum [2]. Further evidence for this enhancement is now found in
the present experiment where a structure is observed at the same K'K™ mass

with a comparable width.

In order to provide a clean KK event sample in the high KK mass
region, the following background processes, which may simulate high-mass

K+K_ events, were considered:
Yp > e’ep (2)

YP * PPP (3)

Yp > w'np . , (4)
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Events from reaction (2) are expected to peak at the KK threshold and are
efficiently rejected by the trigger and offline selection criteria; no

threshold peaking is seen in any of the mass spectra.

Events from reaction (3) only contribute to the KK2 event sample.
This background is evaluated using our fully reconstructed three-prong
events, applying the same kinematic cuts as described in Ref. 1, and is

found to be at most 20% varying smoothly over the whole mass range.

Contamination by reaction (4) is found to be important for the KK1
event sample because of inefficiency of the Cerenkov counter. This can be
seen in Figs. 4a and 4b which show the acceptance-corrected KK mass spectra
for KK2 and KK1 events, respectively. This background originates mainly
from the decay of the p0 meson which gives a peak in the KK mass spectrum
at 1.25 GeV (see Fig. 4b), falling rapidly with increasing KK mass. Fig-
ure 5 shows the result of subtracting the normalized distribution of Fig. 4a
from that of 4b and indicates that the po reflection is unimportant at
K*K™ masses above 1.4 GeV. Also, the fact that the data of Fig. 5 are
consistent with zero outside the p° reflection shows that the accep-
tance corrections for KK1 and KK2 events are well understood. This is also
apparent from the fact that the cross-section and shape of the Po reflec-
tion in these KK1 data are in agreement with expectations from previous

measurements of reaction (4) in the same energy range [7].

Figures 6a and 6b give the k'K mass distributions for KK2 and KK1
events, respectively. Both distributions are corrected for the correspond-
ing acceptance (shown as the dotted lines). Figure 7 shows the sum of
these two mass distributions indicating a structure at 1.75 GeV. The full
line corresponds to a fit to this mass distribution with a simple Breit-
Wigner for the enhancement and a third-order polynomial for the background.

The parameters for the Breit-Wigner from the fit are:

m=1.76 + 0.02 GeV

' =0.08 + 0.04 GeV .

The statistical significance of the peak over the background is ~ 3.5¢ and

the fit has x2 = 12 for 20 degrees of freedom.
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To investigate the spin-parity of this structure, a fit was made to
the acceptance-corrected cos © decay angular distributions for three ranges
of KK mass according to:

W(cos ©6) = A[(1-B) cos’ 0 + (1+B) sin® 0]

with the result

1.4 < mKK < 1.6 GeV B =0.01 +0.24
1.6 < mKK < 1.9 GeV B =0.28 = 0.37
1.9 < mKK < 2.1 GeV B=-0.80 % 0.12 .

These results indicate a mainly flat distribution below and in the mass
range of the structure and a cos® o component at higher masses. For the
decay of an s-channel helicity conserving JP = 1 state this decay angular
distribution would be purely sin® . However no conclusions can be drawn
from the distributions obtained here because any such 1 state might be
hidden by contributions of non-resonant KK~ systems with different spin

parities or production mechanisms.

Taking the measured slope of the t distribution (b = 4.6 + 0.2 Gev ?
for 1.6 < meg < 1.9 GeV) and assuming a flat decay angular distribution for
the acceptance calculation, the cross-section for this enhancement is found

to be
o*B =10 %+ 2.5 £ 3.5 nb

if there is no interference between the Breit-Wigner peak and the back-
ground. If, instead, the decay angular distribution is taken to be « sin® @

this cross-section decreases by ~ 30%.

The simplest interpretation of this structure is as a radial excita-
tion of the $(1019) meson. However no firm conclusions can be drawn from
this data as to whether or not the observed signal is the result of inter-
ference of a narrow ¢ (1680), as reported in the reaction e+e_ - K*OK° (81,

with other vector mesons, but the absence of any narrow resonances in
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x -
analyses of the reactions yp » K Kp {9] and yp » wor' p [10] in the present

experiment points against such an interpretation.

CONCLUSTIONS

Previous work on the photoproduction of ¢ mesons in the photon energy
range 20-40 GeV has been extended in this experiment by the use of linearly
polarized photons. In addition to confirming that the production mechanism
conserves s—channel helicity, the present work has shown that natural parity

dominates, the asymmetry parameter, Po’ being

P =o - oY =0.94 + 0.34

g + O

where oN and oU are the contributions to the total cross-section

from natural and unnatural parity exchange respectively in the t channel.

An enhancement in the K K~ mass spectrum with mass 1.76 * 0.02 GeV
and width 0.08 + 0.04 GeV has been observed. With the assumption that there
is no interference with the background, the production cross-section times
branching ratio to K'K™ is 10 + 2.5 + 3.5 nb. The simplest interpretation

of the enhancement is that it is a radial excitation of the ¢(1019).
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Table 1

¢ meson spin-density matrix elements
evaluated in the s-channel helicity frame

p° 0.0332 + 0.0357
oo
Re p° -0.0169 * 0.0204
10
p° 0.0214 * 0.0319
1-1 '
et 0.0207 + 0.1093
11
ot 0.0253 + 0.0931
[e]0)
Re pio -0.1275 * 0.1050
pt 0.4838 + 0.1648
1-1
Im p> 0.1410 * 0.0928
10
Imp. . ~0.5708 + 0.1806
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Figure captions

Fig.

1

Distribution of energy difference, AE, for KK2 events in the ¢ mass

< 1.046 GeV) (Fig. la) and KK2 + KK1 events
> 1.046 GeV) (Fig. 1b). Figures 1lc and 1d

region (1.002 < Mk

above the ¢ mass (mKK

are explained in the text.
K'K™ mass spectrum for KK2 events.

a) Distribution of cos 6 for ¢-meson decay in the helicity frame.
b) Distribution of ¢ for ¢-meson decay.

The curves are described in the text.

a) K+K— mass spectrum, corrected for acceptance, for KK2 events
above the ¢ mass region.

b) The same as Fig. 4a for KK1 events.
Distribution of subtracted mass spectra of Figs. 4b and 4a.

a) Invariant mass of K+K‘ for KK2 events corrected for accep-
tance. The dashed line shows the correction used.

b) Same as for Fig. 6a for KK1 events.

Sum of acceptance-corrected K'K™ mass distributions for KK2 and
KK1 events. The full line corresponds to a fit to this distribu-—

tion as described in the text.
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