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Abstract.

An analysis of the production of K3K2 and K*K2x¥F by two quasi-real photons is presented.
The cross section for vy — KO°KF, which is given for the 4+ invariant mass range from KK
threshold to 2.5 GeV, is dominated by the '(1525) resonance and an enhancement near the
KX threshold. Upper limits on the product of the two-photon width times the branching
ratio into KK pairs are given for @(1700), h(2080), and £(2220).

For exclusive two-photon production of K*K3#¥F no significant signal was observed. Upper
limits are given on the cross section of 17 — K*+K%r~ or K~K%#t between 1.4 and 3.2 GeV
and on the product of the 4 width times the branching ratio into the KK final states for
the .{2080) and the 1{1440), yielding I'(yy — £(1440)) - BR{4{1440) — KK7) < 2.2 keV at
95 % C.L..
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1. Introduction.

Two-photon production of resonances with even C-parity can be studied at ete~ colliding

beam machines in the process
ete” —ete™ + R, 1)

In this process the resonance R is produced by two predominantly quasi-real photons which
are radiated by boih leptons. For a given v helicity state and with the restriction to quasi-
real photons the only unknown parameter in reaction (1) is the two-photon partial width
L (R).

In the past the two-photon widths of the psendoscalar mesons 7% /1/, 7, #' and of the tensor
mesons £{I270), A;(1320) and 1'(1525) were measured [2,3/. Recently also the two-photon
production of the scalar meson §{980) was reported /2/.

Mesasurements of two-photon widths probe the charge content of mesons. Since in the frame-
work of the quark model mesons differ in their composition of quarks with different charges,
the knowledge of the coupling to two photons provides a test of SU(3) symmetry and the
determination of the singlet-octet mixing angle for the flavour neutral members of a SU(3)
multiplet. In conjunction with information on rescnances obtained from other reactions (in
particular radiative decays), the measured two-photon widths were used to search for exotic
(non-qq) states. For instance, the abundant two-photon production of p%¢° below 2 GeV
/3/ has been interpreted as the production of four-quark states /4/. Bound states of gluons,
glueballs, being composed of neutral constituents, are naively expected to be characterized
by small 4y widths, Glueball candidates as observed in radiative J/1 decays are the +(1440}
/5/, ©(1700) /8/ and the £(2220) /7/. A measurement of the v+ coupling of these states is
very important for an assessment of their gluonic nature.

2. Data Taking.

Tn this paper we report on cross section measurements and a search for resonances in the

reactions

ete” —ete” KIKE s ete” 2t atn™ (2)

and

ete” —ete” KEKErT — ete™ K* ata ¥ (3)
The experiment was performed with the TASSO detector at the ete™ storage ring PETRA.
A description of the detector can be found elsewhere /8/. In case of reaction (2) the data were
taken at beam energies mainly around 17.5 GeV and correspond to an integrated luminosity
of 83.3 pb—*, For reaction (3) the integrated luminosity amounts to 74.8 pb~' collected at

an average beam energy of 18.95 GeV.
Events were recorded if they fulfilled at least one of the foHowing trigger conditions:

1. four or more charged tracks in the central tracking chambers,

2. any two charged tracks having associated signals in the inner time-of-flight counters
separated by more than 154° in azimuth,

3, two or more charged tracks originating from the interaction region.

These iriggers were based on the central proportional and drift chamber processors, which
required the track momenta perpendicular to the beam, |pi|, to exceed preselected nominal

values. This leads to momentumn dependent track detection efficiencies which for most of the
data vary from 50 % at |fi] = 0.17 Ge¥ to about 95 % at |pi| > 0.26 GeV.

3. Event Selection.

The final states of reaction (2) and (3) are both composed of four charged hadrons. The
detection of the scattered electrons was not required. In the analyses presented here only the
information from the central wire chambers and the surrounding inner time-of-flight tounters
was used, Event candidates for reaction (2} and (3) were selected by requiring exactly four
charged tracks in the central wire chambers with net charge zero. All tracks had to have
|pt| > 0.1 GeV and |cos®] < 0.87 (@ is the polar angle of the track relative to the beam
axis). In order to reject one-photon annihilation events the sum of the track momenta was
required to be 3 |f| < 8.0 GeV. At that point of the analysis chain 38859 events were left.
The further cuts applied to reduce the data sample are different for reaction (2) and (3}

4. Analysis.
4.1. The reaction vy — KgKg.

In order to suppress events with additional undetected pariicies the net transverse momentum
of the hadronic system was required to be |} i< 0.120 GeV, leaving 6134 events. This cut
also restricts the two photons to be dominantly quasi-real. In the analysis of reaction (2) all
detected particles were assumed to be pions. For the identification of the neutral kaons the
atx— invariant mass spectra were used. No attempt was made to search for the secondary
decay vertex of the K mesons since this method yields too small efficiencies at the low kaon
momenta considered in this analysis. Figure la shows the invariant mass of one 7 tx~ pair
plotted versus the invariant mass of the other ¥~ pair (2 entries per event). Besides a
broad bump in the g°p° region a cluster of events in the KIKJ region is observed. In Fig.Ib
the unshaded histogram shows the invariant mass of one 72~ pair if the other one lies in the
K region defined by |ng - m,,+,-| < 0,026 GeV (up to 4 entries per event are possible),
whereas the shaded histogram shows the corresponding avaraged distribution for the 7+ x~
combinations lying in the two sidebands defined by |(ng +0.060 GeV) — m,+,..~| < 0.025

GeV. The signal in the unshaded histogram indicates production of K{K% pairs.

Candidate events for two-photon produced KJKY pairs have to fullll the condition Rgg =
\/(m(,r...,,_}l - ngF + (Mr+p-y, — mxg)? < 0.0256 GeV for at-least one of the two possi-

ble combinations of two neutral pion pairs (r*#7}; and (ata~)s. This condition is ful-
filled by 72 events with invariant masses between the KK threshold and 2.5 GeV. The
histogram in Fig.2a shows the KJK§ mass distribution of these events. The background
curve (full line) is determined from events lying in a ring around the K3KZ region with
0.043 GeV < Rkk < 0.050 GeV. This method of background determination has been checked
by varying the size and position of the background area. After background subtraction 51+9
KK events are left,

The background corrected |3 pi}® distribution of the K3K{ events is shown in Fig.2b. The
peak at |¥" pii|*~ 0 indicates exclusive production of KJK2. The dashed line in Fig.2b shows
the corresponding |:):p'2|2 distribution for the Monte-Carlo simulation of reaction (2) which is
in qualitative agreement with the data. The background of events with additional undetected
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particles is about 20 % + 4 % and was subtracted,

In the Monte-Carlo simulation of reaction {2} the events were generated according to:

d0uto-ete-X - dL{W 1y, w) “Flq?, ) - Ay yx (Wop, E)
AW,y dw dé dW.,., dw e da¢

where w represents the kinematical variables of the two-photon system other than W.., the
invariant mass of the hadronic final state X, while £ represents the kinematical variables of
the four particles of the system X. For LW, £), which is the flux of transverse photons,
we used the exact formula from /9/. The function F(q},q}) contains the dependence on the
photon four-momenta q? and has been parametrized as p pole form factors. The Monte-Carlo
events were analysed in the same way as the data.

In Fig.3 we show the cross section ¢ for the reaction vy — K°K®. The event rates are
corrected for K{K{ production and the unseen decay modes of the K§. Apart from an
enhancement at the K°KC threshold the main contributions to the cross section are seen
in the W.., region of the tensor mesons f(1270), the A,{1320), and especially the f(1525).
Thus we simulated the K”ﬁproduction by using an angular distribution with spin J=2 and
helicity A=2 for W, > 1.14 GeV. The cross section in the threshold bin of Fig.3 is calculated
using S-wave production of the K°KOpairs in the Monte-Carlo simulation. Using an isotropic
angular disteibution, instead of a distribution with spin J=2 and A=2, increases the cross
section below 1.14 GeV cnly by 10 % while at higher W the cross sectiop is increased by
40 %. The curve in Fig.3 shows the contribution of the tensor mesons f{1270), A,(1320),
and £{1525) to the cross section a{yy — K°K°) It results from a coherent superposition of
the three Breit-Wigner amplitudes as explained in /10/ using previously determined values
for the 7y couplings to these resomances. In the KK final state the isosealar £{1270) and
the isovector A;(1320), which are nearly mass degenerate, interfere destructively /11/. This
explains why no resonance peak is seen in the f{1270} and the A2[1320] region. The errors
are statistical only, the systematic errors decrease from 25 % at the KK threshold to about
10 % at W, > L5 GeV. Above 2.1 GeV no K°KD signal is observed.

Special attention was given to the threshold bekavior of the cross section to find indications
for scalar resonance production. The angular distribution below 1.14 GeV is consistent with
S-wave production of KK pairs, but limited statisties do not allow to draw flnal conclusions.

The two-photon coupling of the £'(1525) has been presented in an earlier publication by the
TASSO coliaboration analysing the same data with a slightly different method f10/. The
~4 width times the branching ratio into KK pairs was determined by taking into account
the interference of the relativistic Breit-Wigner resonance amplitudes of the £{1270), the
A3(1320}, and the f'(1525). As can be seen from the curve in Fig.3 the present analysis is
consistent with the previously quoted result of TI'{yy — £(1525)} - BR(f' (1525) — KK
(0.11 £ 0.02 (stat.) £ 0.04 (syst.)) keV.

In the energy region above the £'{1525) we observe no significant indication for contributions
from resonances decaying into K, Therefore upper limits on the product of the 4y width
times the branching ratio into KK pairs can be derived for the ©@(1700) which has spin-parity
JP =2+ /6/, the h(2030) which has J¥ = 4% [12/, and the recently observed state £(2220)
/7/. The upper limits are derived by fitting relativistic Breit-Wigner resonance curves to
the measured event rates and are given for KK production (i.e. the acceptance has been
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caleulated including all possible charge combinations of KK pairs). The uncertainties in the
resonance parameters used have been taken into account.

In the fit of ©(1700) we used as mass me = (1.720 £ 0.010) GeV and width I's = (0.130 £
0.020) GeV /6/. The ©{1700) was fitted in the W., region between 1.64 GeV and 1.85
GeV. The tail of the 1'(1525) was taken into account. From the fit we derived an upper limit
on the product of the 7y width times the branching ratio into KK of I'(yy — ©{1700)) -
BR{©(1700) — Km < 0.28 keV (95 % C.L.). For the acceptance caleulations of the ©(1700)
we assumed the spin-parity assignment J¥ = 2%+ with helicity A=2. If A=D0 is assumed, the
upper limit increases by a factor of two,

Mass and width of the h(2030) are my = (2.027 £0.012) GeV and T'y = (0.220 £0.030) GeV
/12/. We fitted a Breit-Wigner resonance curve for the h{2030) between 1.82 GeV and 2.2
GeV. The fit gave an upper limit on the product of the 44 width times the branching ratic
into KK pairs of T'(v4 — h{2030))-BR(k({2030) — KK} < 0.29 keV (05 % C.L.). The upper
limit for the h(2030) was determined with the spin-patity assignment J¥ = 4T and holds for
helicity A=0 and A=2.

Preliminary results for mass and width of the £{2220) are m¢ = (2.237 £ 0.013) GeV and
T = (0.021 £ 0.030) GeV [7/. The mass resolution of the TASSO detector in this range is
Frmass & 0.025 GeV. In the W, region between 2.1 GeV and 2.35 GeV one event is observed.
From that we derived an upper limit of T(yy — £(2220}) -BR{¢(2220) — KK) - (23 +1) < 1.0
keV (95 % C.L.). The spin-parity of the £{2220) has not yet been measured. The upper limit
helds for both spin-parity JE = 0% and J¥ = 2% with helicity A=0 and A=2.

4.2. The reactlon vy — K¥Kr¥.

We now turn to the analysis of reaction (3) which is alse based on the sample of events defined
in chapter 3. For the identification of charged kaons the information provided by the 48 inner
time-of-flight (TOF) seintillation counters surrounding the central tracking chambers was
ugsed. The TOF analysis was only done for tracks ini a polar angular range |cos®| < 0.8 to
be well within the acceptance of the TOF counters. For efficient separation between pions,
kaons and protons the momentum of these tracks had to be in the range 0.3 GeV < [f] < 0.9
GeV. For each track providing good TOF information we calculated the square of the mass of
the particle (m ) from the measured track length, momentum and TOF value. Each event
bad to contain at least one track with m?; > 0.1 GeVZ. These tracks are referred to as TOF
tracks. Events containing tracks with m¥,; > 0.6 GeV? were rejected to suppress background
from events with protons. A sample of 1412 events survived these selection criteria.

To select events with exactly one charged kaon in the final state we caleulated for each TOF
track three Gaussian weights W,, Wk and W, from the difference between measured TOF
and hypothetical TOF (derived from momentum and track length) under the assumption
that the track originated from a pion, kaon or proton, respectively. This was done using the
formula {n = rK,p}

W, = exp(—(bmeas — £)2/2 &%) (4}
where tpeas 18 the measured TOF, t, the expected TOF under particle hypothesis n and
o the r.m.a. time resolution of the TOF measurement. The weights were normalized by
demanding the sum over the weights for a given track to be unity. In this normalisation we
accounted for the relative particle fractions. The ratio between x, K and p was estimated to
bex:K:p=r100:4; 3. The track with the greatest kaon weight Wy had to have Wx > 0.5.
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This track was assumed to be the kaon. The product of the kaon weights of the kaon track
and any other track X had to be Wi (K) - Wi (X) < 0.25 if both tracks were oppositely
charged in order to suppress contributions from events with charged kaon pairs. The tracks
not identified as the kaon were assumed to be pions. The measured TOF for the kaon track
had to be consistent with the kaon hyphothesis within + 3 o. For the events, where one kaon
is identified as described abaove, the invariant masses of both possible #+#~ combinations are
plotted in Fig.4a {unshaded histogram; 2 entries per event}. This histogram shows a clear
signal at the K§ mass. For comparison the shaded histogram in Fig.4a shows the invariant
masses of unlike charge combinations of tracks if no TOF analysis was performed and one
track was taken at random &s the kaon. In this case there is very little indication of K§

production.

To select fully reconstructed events we demanded the sum of the transverse momenta to be
| pi| < 0.120 GeV. This cut effectively restricts background from non-exclusive final states.
After these cuts, 249 events were left, For these events, Fig.4b shows the invartant masses of
both possible 7¥r~ combinations (2 entries per event). Here the enkancement in the region
of the K§ is less prominent than in the unshaded histogram in Fig.4a.

The number of candidate events for the reaction vy — K*K”SW:F was determined by demand-
ing at least one stz ~ combination in the K® mass region defined as a band of width + 0.016
GeV around the nominal K® mass. This corresponds to + 2 ¢ in the K2 mass resolution of
the detector. With this K® requirement, 36 events remain. The background is determined
from the 77~ combinations falling in sidebands above and below the K° mass each of width
4 0.016 GeV. From this procedure a background of 23.5 events not containing a K2 is deter-
mined, After subtraction of this background 12.5 + 6.9 events are left. There still remains
background from events with misidentified charged kaons and events with undetected parti-
cles. In Fig.5a we plot the yield of K*X2 7 candidate events versus their measured invariant
mass. For these events we compare in Fig.5b the [} pi|? distribution with a prediction from
a Monte-Carlo simulation of the process (3). No significant enhancement at small values of
|Zp';,|2 is observed, and thus no indication for exclusive K*K$zF production.

Hence we derived upper limits on the cross section o(yy — K+K%x~ or K~K%*). They
were obtained using the same Monte-Carlo method as in the analysis of reaction (2] including
this time the simulation of the TOF counters in the detector simulation. The KKx final state
was generateimcording to phace space. Fig.6 shows the upper limits on the cross section
a(vy — KtKPx~ or K~K%7*) for three different W.- bins {95 % C.L.). The values are
corrected for K? production and the unseen decay modes of the K§. A systematic error of
15 % hag been included in the computation of the upper limits.

We also set iimits on the formation of the final states KK via resonances with even C-parity,
such as the +{1440} and the 5,(2080). The Particle Data Group gives for the mass, width
and spin-parity of the ¢(1440): m, = (1.440 % 0.010) GeV, I', = (0.076 + 0.010) GeV,
and JF = 0—, respectively /12/. The Mark III group finds in a high statistics experiment
somewhat different values, m, = (1.456£0.010} GeV, and T, = (0.095 + 0.010) GeV /6/. In
deriving an upper limit on (1440} producticn we took both sets of parameters into account.
Applying the more restrictive cut |3 i) € 0.100 GeV two events are found in the W, range
between 1.300 GeV and 1.550 GeV. These events lead to an upper limit on the product of
the two-photon width of the 1(1440) iimes the branching ratio into the KKr final states of
[(y7 — 1{1440)) - BR{1{1440) —~ KKx) < 2.2 keV at 95 % C.L. where the branching ratio
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acconnts for all charge modes of KIXr according to the decomposition of an isoscalar particle.
This upper limit includes a systematic error in the acceptance calculation of 20 %,

In case of the charmonium state (2080} which has J¥ = 0~ /12f no cvent was found
in a range of £ 0.110 GeV around the nominal resonance mass, which corresponds to a
+ 2 ¢ interval of the mass resolution of the detector in the 5,(2980) range. From this we
derived an upper limit (95 % C.L.) on the product of the vy width times the branching ratio
into the KKx final states of I(vy — 5.(2980)) - BR(n(2980) — KK7) < 4.4 keV.

5. Discussion and Summaeary.

We have measured the total cross section for two-photon production of neutral kaon pairs
({7 — K°K?). The observed enhaucement near threshold may indicate some contribution:
from scalar resonances near threshold such as S*(975) and §(980) although statistics do not
allow definite conclusions. The angular distribution of the events near threshold is consistent
with S-wave production of K°K® pairs. Note that in the charged kaon chanuel, 4y — K¥K-,
the direct coupling of the photons to the charge of the mesons could produce s threshold
enhancement, which is, however, not expected in the neutral kaon channel.

The W.,., region between about 1.2 and 1.6 GeV is well described by an interfering sum of the
three resonances f{1270), A,(1320), and {'{1525) using previously determined v couplings.
While the {1525} is clearly seen in the cross section, the f(1270) and the A;({1320] are not
seen in the neuntral kaon final state. This can be explained by desiructive interference of their
Breit-Wigner resonance amplitudes.

For the ©{1700) we derive an upper limit (95 % C.L.} on the product of the vy width times
the branching ratio into the KK final states of I'(vy — ©(1700)})-BR{@{1700} -+ KK) < 0.28
keV. This value holds for spin J=2 and helicity A=2 assignments. If A=0 is assumed, the
upper kimit increases by a factor of two. In the KK spectrum observed in radiative 3/4
decays, Jjy — 7KK, the ©(1700) is the most prominent signal. The comparison of this
spectrum with the one obtained in v reactions, where no ®(1700} sigual is visible (although
the §(1525) is observed}, has been taken as a further indication for the glueball character of
the ©{L700) /13/.

For the h(2030) we find I'(yy — h(2030)) - BR(h(2030) — KK) < 0.29 keV. This upper limit
is derived for spin J=4 and holds for helicity A=0 and A=2 assumptions. Recently the JADE
collaboration has given a preliminary upper limit on the vy width of the h(2030) by analysing
the 7%7° final state /14/. Since the branching ratio into rx is much larger than into KK
/12/ their limit is much more stringeat.

For the £{2220) we get T{yy — £(2220}) - BR(£(2220) — KK)) - (27 + 1) < 1.0 keV whick
holds for J=0 or J=2 with helicity A=0 and A=2,

No clear evidence for two-photon production of KITiwas found. Thus we derived upper
limits on the cross section for the reaction vy — K*K%~ or K~K%rt,

An upper limit (95 % G.L.) was also obtained on the product of the y7 width times the
branching ratio into the KK final states for the 1{1440) of T{yy — +{1440}) - BR(¢(1440) —
KK7) < 2.2 keV. A less stringent limit has been obtained before by the Mark II collaboration
/15f. The classification of the (1440} which has beer discovered in radiative J/y decays
(3/t — i) /5/ is controversial (see e.g. references in /3/). Due to its large production rate
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in this ‘glueball-favoured’ chaunel the ¢{1440) is thought to be a glueball candidate. In this
case one would naively expect a small 7y coupling due to the suppression by an extra quark
loop. However, there ate also models predicting a relatively large v coupling due to mixing
with g states or due to the axial anomaly in the pseudoscalar sector /16/. Thus predictions
for T4(¢(1440}) range from 0.07 to about 50 keV J17/. Assuming that :{1440) - KKr is
the dominant decay mode some of the models are excluded by our data.

In case of the 5.(2980) we obtained an upper limit on the product of the two-photon width
times the branching ratio into the KKx final states of I'(yy — 1,(2980)} - BR(n.(2080) —
KKz} < 4.4 keV. Predictions of the vy width of the 1.(2080) range between about 1
and & keV. Thus the derived upper limit is not very stringent since the branching ratio
BR{n.(2080) — KKx) is measured to be 1437 % 12/
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1a. Iavariant mass of one m+r—pair vs. the invariant mass of the other one in events with
four charged tracks (2 entries per event).

b. Invariant mass of one w¥x—pair if the other one lies in the K signal band (unshaded
histogram) or if the other one lies in the background region {shaded histogram}; (up to
4 entries per event). ‘

2a. Event yield in the KJK$ signal region (unshaded histogram) as a function of the KIK§
invariant mass. The full line shows the background contribution.

b. |Lpi|® distribution of the background subtracted K3KE event yield (histogram) com-
pared to the corresponding Monte-Carlo prediction (dashed line). |

3. Total cross section a{yy — KOKF) as a function of W..,. The curve corresponds to a
coherent superposition of the three relativistic Breit-Wigner amplitudes of the £(1270),
A5 (1320), and £(1525) as described in the text.

4a. Invariant mass of both possible 74~ combinations before the cut in |} pi| if one kaon
is identified by the TOF analysis (unshaded histogram) or if one track is taken at random
as the kaon (shaded histogram); (2 entries per event).

b. Fvents of the unshaded histogram in a) after the cut in 13" 5t (2 entries per event).

5a. Yield of candidate events for vy — KEK3x¥ as a function of the measured invariant mass
{not corrected for background events with misidentified K% or additional undetected
particles).

b, |5 pi[® distribution of the events in a) {data points) compared to a Monte-Garlo simu-
lation of K¥K&rF production (histogram).

6. Upper limit on the cross section o7y — K+K97 or K~K9%t).
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