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ABSTRACT

The reactions yp ~+ K+K_ﬂ°(p) and vp + KgKiﬂ;(p) have been measured using
tagged photons in the energy range 20 to 70 GeV. No resomance structure is ob-
served in either of the KRm invariant mass distributions, which range from thresh-
old up to v 3 GeV. The photoproduction cross—sections for ¢’ and K*(892)K are
presented and are compared with theoretical predictions. No evidence has been

found for the photoproduction of ¢’(1680).

(To be submitted to Nuclear Physics B)






INTRODUCTION

We report om the measurement of 359 events of the reaction
Yp > KK 1% (p) (1)
and 265 events of the reaction

vp + K§K*17(p)

L+ wtr )

with tagged photons of energy EY in the range 20 to 70 GeV. This experiment covers
the KET invariant mass range up to about 3 GeV. No measurements of these high-
energy photoproduction processes have previously been made.

-+

In the e”e” annihilation reactiom

ete™ + K;Ki'nI (3)

an enhancement has been reported at 1.68 GeV with a width of " 185 MeV decaying
dominantly via K*(892)Kg, which is interpreted to be mainly due to a radial ex—
citation of the ¢(1020) [1]. This ¢'(1680) state should be produced in the photo-
production reactioms (1) and (2). The photoproduction cross—section can be esti-

mated from the e’

e amnihilation cross—-section using simple vector meson dominance
(VDM). TIn addition, states with JP other than 1 may also contribute in diffractive

photoproduction.
Isospin relations for the production of an isoscalar state decaying via

K*(892)K give the following ratio for the cross-sections

o(yp_> K'Kp > K'R*n* p) _
alyp + K*kp - KK 7%p)

4 .

(This ratio is the same for an isovector state.)

EXPERIMENTAL SET-UP AND DATA REDUCTION

The experiment used an 80(*2Z) GeV electron beam to produce tagged photons
of energies 20~70 GeV. The particles resulting from interaction of these photons

in a 60 cm liquid-hydrogen target were detected in the Omega spectrometer, equipped
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with multiwire proportiomal chambers (MWPCs), drift chambers, a threshold gas
ferenkov counter and a large—aperture photon detector [2]. The trigger require-

ments were:
i) a signal from the photon tagging logic;

ii) a signal to indicate am interaction in the hydrogen target producing at

least two forward charged particles;

iii) in order to suppress electromagnetic background, either no signal from a
shower counter array in the median plane dowmstream of the magnet, or else
a hit in a MWPC inside the Omega spectrometer well away from this median

plane;

iv) for reaction (1) a signal from the high~resolution photon detector, amd for
reaction (2) a signal from an on-line logic (K-matrix) to indicate the pre-

sence of at least one charged track giving no light in the lerenkov counter
[31.
In the data reduction, events were selected as follows:

i) The tagged photon must have been unambiguously measured, i.e. the incident

and scattered electron must have been reconstructed in the tagging system.

ii) Two or three charged particles were required to be recenstructed to a main
vertex, within the hydrogen target, with a net charge of 0 or 1 (in the lat-
ter case the third charged track had to be consistent with the hypothesis

of a recoil protom).

iii) For reaction (1) both fast particles had to be consistent with a K'K™, i.e.
they must have had momenta between 5 GeV/c (7 threshold) and 17 GeV/c (kaon
threshold) and must have given no light in the Cerenkov counter. For reac-
tion {(2) one track had to be consistent with K and the other with 7.

)]

iv) A well-reconstructed m° from the photon detector was required for reaction (1)

and a well-reconstructed Kg decaying into 777 for reaction (2).
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Figures la and b show the distribution of the missing enexrgy AE = EY - EKE?[*Tp
(Tp is the kinetic energy of the proton and is included when measured) for reac-
tions (1) and (2), respectively. The final selection of reactions (1) and (2) re-
quired |AE| to be less than 1.5 GeV. The remaining data samples consisted of

359 events for reaction (1) and 265 events for reaction (2). We estimate that

the inelastic contamination is v 20% for reaction (1) and ~ 15% for reaction (2).

Any background from the process yp =+ ﬂ+ﬂ_ﬂ0(p) in reaction (1) is found to
be negligible, as is shown by the absence of an w(783) peak in fig. 2. This figure

. . . . +
shows the invariant mass m, ¢ of events from reaction (1) with the 7~ mass as-

=
signed to the charged kaons. Background from the reaction yp - ppn’{p) in reac~
tion (1) is found to be small by measuring the number of events of this type in

the momentum range where the Serenkov counter is able to distinguish between pro-

tons and kaons (17 < Pp 5 < 33 GeV/). We found 4 events of this reaction.
L

A contamination of our Kg -+ 7' sample in reaction (2) by misidentified e‘e”

pairs or A,A is also found to be negligible. The invariant mass of the e sys—

[y

s signal with little background.

tem from the V® decay indicates a clear K

EXPERIMENTAL ACCEPTANCE

The acceptance of the apparatus was calculated by Monte Carlo simulations

with the following input:

i} EY spectrum as measured by a subsidiary monitor trigger, which merely re-
quired a signal from an end-cap scintillation counter jmmediately following

the hydrogen target;

ii) cross-section independent of EY (see fig. 3) and falling with four-momentum
transfer squared t from the photon to the KK system as exp (~4t) for both

reactions (1) and (2):

iii) a flat decay angular distribution W(cos 0) where § is defined as the angle
between the normal to the (KKnw) decay plane in the KET rest frame and the

s—channel helicity axis;
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iv) an invariant KKv mass distribution similar to our experimental KKm distribu-

tion (see fig. 6);

v) the same fraction of resonant K*(892) + K7 subsystems as found in our data

(see section 4).

These generated events were now passed through a program chain which simulated

the experimental conditions, including:

i) geometrical trigger acceptance of the spectrometer for each trigger dis-

cussed above;

ii) track reconstruction and vertex fitting efficiency including a full simu-

lation of the V° reconstruction;

iii) charged and neutral particle identification efficiencies, in particular a

full simulation of showering in the photon detector.

The general features of the data are well reproduced by this simulation. For
example in figs. 3a and b we show the distribution of EY for reactions (1) and (2)
compared with the simulation. These are consistent with a counstant or only slowly
faliing cross~section as a function of E? for both reactions. Figures 4a and 2

show the comparison for the Kg decay length and distance to main vertex. The

good agreement demonstrates that the Kg acceptance is well understood.

EXPERIMENTAL RESULTS

Figure 5a shows the K*K™ mass spectrum from reaction (1l); about 7% of these
events can be assigned to ¢m’ production (1.01 < M= < 1.03 GeV/c?), correspond-
ing to a cross—-section o(yp ~+ ¢W°p) of 6 # 3 nb (see section 5). The correspond-
ing mass spectrum is shown in fig. 5b. It has been suggested that diffractive
photOproduétion of ¢7° could be a signature for production of four-quark states
with a predicted cross-gection of at least 100 nb [4], considerably in excess of
what we observe. We exclude this subsample of reaction (1) from further analysis,

leaving 332 events.
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Figures 6a and b show the KK mass spectra for reactions (1) and (2). ¥Wo
evidence for narrow resonance structure is seen in either of these distributioms.
The mass resolution in both final states is calculated to be 60 MeV (FWHM). The
invariant mass spectra of the Km substates for reactions (1) and (2) are shown in
figs. 7a to d and indicate substantial K*(892) production. Fits to these distri-~
butions give K* masses and widths in good agreement with their nominal values.

We find the following fractioms of K* production: for reaction (1), (16 £ 3)7 K**,

(13 * 3)Z K*7; and for reactiom (2), (16 * 4)Z K*%, (19 % 4)7 K**,

Figure 8a shows the K'K™7° mass distribution from reaction (1) for those
events where a K7 substate lies in the K© mass range (0.83 < Wt < 0.96 GeV/c?),
Figure 8b corresponds to those events where a K7 system lies in the K* mass wings

2 .
(0.77 < e < 0.83 or 0.96 < - < 1.02 GeV/c“), TFigures 8c and d are the corre
sponding plots for reaction (2). WNo evidence for resonant-like structure is seen

. & A . N - +
in these KK invariant mass distributions.

Figures %9a and b show the four-momentum transfer squared distributioms, cor-
rected for acceptance losses, for reactioms (1) and (2}, respectively. The solid
line corresponds to a fit in the range 0.05 < t < 0.8 (GeV/c)? of the form do/dt =
= A exp (-bt), giving the slope parameters b = (4.0 + 0.4) (GeV/c)™? for both re-

actions (1) amd (2).

In figs. 10a and ¢ cos § (where © is defined as in sectiom 3) is plotted for
reactions (1) and (2), respectively. TFigures 10b and d show the same distributions
for the subsample of reactions (1) and (2), for which the KT system lies within
the K' mass range. These four distributions are also corrected for acceptance
losses. For diffractive photoproduction of a JP = 1 state, assuming s—channel
helicity conservation (SCHC), one expects a decay angular distribution
W(cos 8) = sin® 6. We have fitted the expression W(cos &) = A(1 + B sin® 0) to
the distributions in figs. 10a and ¢ and find values of B of 0.0 ¢ 0.1 for reac-
tion (1) and 0.4 + 0.1 for reaction (2). We conclude that the production by amn
SCHC mechanism of JP = 1 does not dominate the data; this holds also for the K*K

subsystems (see figs. 10b and d).



CROS8-SECTIONS

For the reactions (1) and (2), after subtraction of the inelastic contamina-
tion and averaging over the photon energy range 20 to 70 GeV, we find the follow-

ing cross—sections:

1+
L
I+

olyp + KK n%p) 80 20 nb

u

102

3
X}
14

olyp ~+ K;Kiﬂxp) 44 nb

(corrected for the undetected decay modes of Kg). The errors quoted are statis—
tical and systematic, respectively. Taking the fractions of resomnant K*(892) pro-

. . . . * .
duction measured in these reactions, we obtain for the K (892)K cross-sections:

olyp = K¥*kp > x*n®Kp) = 132 3 % 4 b
olyp ~ KX K'p + Kn°k™p) = 10 £ 3 + 4 nb
o(yp > K*'Kkip » KiﬂiKgp) =16 * 4 + 8 nb
o(yp + KK p » ngiKip) =19+ 4+ 8 b .

The ratio of cross~sections discussed in section 1 is measured to be 3.0 + 0.6
(using statistical errors only, taking into account that Kg represents /4 of the

total K° production).

COMPARISOK WITH e'e” ANNIHILATION

In order to compare our results with the recent observation [1] of a ¢'(1680)
candidate in the e'e”™ amnihilation reaction {3), we agsume the simple VDM relation

(which has been calibrated for p’(1600) photoproduction [5])

(e*e™ > ¢') = ;4ﬂ;ab olyp > ¢'p)
o'’ oiot(¢lp)

Upeak

Using the values

+ - i _
cpeak(e e’ > ¢') =5 nb
Myt = 1.68 GeV
F¢, = 185 MeV
b = 4 GeV/c
! =
Gtct(¢ p) = 9 mb
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we obtain o(yp > ¢'p) = 45 nb. This is about 40% of our total measured K%Kiﬂ+

cross—section. Figure lla shows the comparison of our acceptance-corrected K%Kiﬂ;
mass spectrum with the predicted signal from e*e™. OQur result is clearly incom—
patible with a narrow peak of this magnitude at 1.68 GeV, Figures 11b and ¢ show
the mass spectra for K= and K'' selected events (i.e. Km mass in the range
0.83-0.96 GeV/c with no background subtraction). Neither of these distributions
show a narrow peak, in particular the K*° selected distribution is inconsistent
with the observation of a ¢’ signal in ete™ - K*OKg, as is shown by the curve in
fig. 1lc. Using fig. llc, we calculate an upper limit of 5 nb (90% CL)} for the
photoproduction cross-section in K*UK;. In order to resolve this incomsistency
between e'e  annihilation and photoproduction one would need either a serious
breakdown of the simple VDM relation above,in disagreement with findings in
p’(1600) photoproduction [5], or else complicated interference effects such as
between ¢ (1680) and p’(1600) (which decays also into K*K [1]) contributing with
different relative amplitudes to e'e” ammihilation and photoproduction. The

parametrization of interference effects in photoproduction would not be straight-

forward, so that any conclusion would be strongly model~dependent.

CONCLUSIONS

We have measured the elastic photoproduction of K'K™m° and KgKiﬂ+ over the

incident photon energy range 20-70 GeV. We find cross—sections of 80 * 5 * 20 nb
for K'K 7' (excluding ¢7°) and 102 * 9 * 44 nb for K;Ktw$. The cross-section for
¢m° production is 6 = 3 nb, an order of maghitude lower than that predicted for
diffractive photoproduction of four-quark states. There is substantial K*(892)
production corresponding to 29 % 5% K*® for the first reaction and 35 * 6% K —
for the second reaction, the ratio of these being consistent with isospin predic-
tions. No evidence for KET resonance production has been found in any of these

channels studied. In particular, no evidence has been found for the photoproduc-

tion of ¢’(1680) decaying via K*(sgz)xg.



Acknowledgements

We are grateful to the Omega group at CERN for their help in running the
spectrometexr and providing on-line and off-lime software. The work of the tech-
nical support staff in our home institutioms, and the support at the computer
centres at the Rutherford Appleton Laboratory, CERN, amd the RHRZ at Bonn have
been invaiuable. We thank the SERC (UK), the BMFT (Fed. Rep. Germany), and the

IN2P3 (France) for financial support.

REFERENCES

[lj J. Buon et al., Phys. Lett. 118B (1982) 221.

[2] Db. Aston et al., Nucl. Instrum. Methods 197 (1982) 287.

Experiments at CERN in 1980 (CERN, Geneva, 1980).
[3] T. Armstrong et al., Nucl. Instrum. Methods 175 (1980) 543.
[4] F.E. Close, Phys. Rev. 41 (1978) 1263.

[5] D. Aston et al., Nucl. Phys. 189B (1981) 15.



Figure captions

Fig.

Fig.

Fig.

a) Distribution of missing energy for reaction (1) (see text); the
solid line represents a hand-drawn background curve.
b) Distribution of missing energy for reactiom (2) (see text);

the solid line represents a hand-drawn background curve.

Invariant mass M o4 for events of reaction (1) assigning the

pion mass to the charged kaons.

a) Distribution of EY for reaction (1); the solid line corresponds
to simulated events.
b) Distribution of EY for reaction (2); the solid line corresponds

to simulated events.

a) Kg decay length from reaction (2); the solid line corresponds

to simulated events.

0
5

the solid line corresponds to simulated events.

b) Distribution of distance te main vertex for K, from reactiom (2),

a) Invariant mass of K'K~ for events of reaction (1). The dashed
line corresponds to the geometrical acceptance.

b) Invariant mass of K'K™m°

for events of reaction (1), where
1.01 < W= < 1.03 GeV/c?. The dashed line corresponds to the

geometrical acceptance.

a) Invariant mass of K'Km® for events of reaction (1). The dashed
line corresponds to the geometrical acceptance.
-+
b) Invariant mass of K;K_ﬂ; for events of reaction (2). The dashed

line corresponds to the geometrical acceptance.



Fig. 7
Fig. 8
Fig. ¢
Fig. 10

.

_10_

Distributions of the invariant mass e Solid line corresponds to
a fit assuming & Breit-Wigner resomance profile for K*(892) -+ Km
and an exponential background. Dashed line represents the geometri-
cal acceptance a) for K*m% combination from reaction (1); b) for

- + ¥ . ,
E n° combinatioms from reaction (1); ¢) for K 7t combinations from

+
D™

S combinations from reaction (2).

reaction (2); d) for K

a) Invariant mass of KKw for reaction (1) where 0.83 < - < 0.96 GeV/c?.
The dashed line corresponds to geometrical acceptance.

b) Invariant mass of KKT for reaction (1) where 0.77 < Lo < 0.83
or 0.96 < Mg < 1.02 GeV/c?. The dashed line corresponds to geo-
metrical acceptance.

¢) Invariant mass of KEw for reaction (2) where 0.83 < - < 0.96 GeV/c?,
The dashed line corresponds to geometrical acceptance.

d} Invariant mass of KKm for reaction {2) where 0.77 < W < 0.83
or 0.96 < By < 1.02 GeV/c?. The dashed line corresponds to geo-

metrical acceptance.

a) Distribution of four-momentum transfer squared t for reaction (1)
corrected for acceptance. The solid line corresponds to a fit
as described in the text.

b) Distribution of four-momentum transfer squared t for reaction (2)
corrected for acceptamce. The solid line correspomnds to a fit

as described in the text.

a) Decay angular distribution cos 8 for events of reaction (1) cor-
rected for acceptance.

b) Decay angular distribution cos 6 for events of reaction (1) cor-—
rected for acceptance where the Knm invariant mass lies within the
K*(892) mass range (0.83 < - < 0.96 GeV/c).

¢) Decay angular distribution cos 8 for events of reaction (2) cor-

rected for acceptance.
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Fig. 10 : d) Decay angular distribution cos 6 for events of reaction (2) cor-
rected for acceptance where the Km invariant mass lies within the

K*(892) mass range (0.83 < m, < 0.96 GeV/c).

b e
Fig. 11 : a) do/dm for KEK_N+. Solid curve is the VDM expectation from the

ete™ annihilation as described in the text.

TR
b) do/dm for K;K_ﬂ+ where the K°1Ti combination lies within the

K*(892) mass range.

+ T +
¢) do/dm for KgK_W+ where the K™nT combination lies within the

K*(892) mass range. The solid curve is described in the text.
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