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Abstract. The KSK? final state in two-photon collisions is studied with the L3 experiment at LEP, using
orbital angular momentum operators. The mass spectrum is dominated by the formation of tensor mesons,
their two-photon partial width are determined. A signal at 1700-1800 MeV is found to be a new tensor
state f2(1750) with mass M = (1755 £ 10) MeV and width I" = (67 & 12) MeV. All observed tensor
resonances obey SU(3) relations. The f2(1750) state forms a second tensor nonet together with f2(1560)
and a2(1700). The SU(3) analysis allows us to determine with good accuracy mixing angles between
nonstrange and strange components of the isoscalar members of tensor nonets.

PACS. 11.80.Et Partial-wave analysis — 13.60.Le Meson production — 13.25.-k Hadronic decays of mesons

— 14.40.-n Mesons

1 Introduction

The formation of resonances in two-photon collisions pro-
vides a powerful tool for the investigation of meson prop-
erties. These data not only supply information about the
masses and widths of resonances but also about their cou-
plings to the gamma-gamma channel which can be directly
calculated in quark models. Another important feature is
that meson molecules and glueball states must be pro-
duced weakly in such reactions providing a clear spectrum
of quark-antiquark states.

In this paper we study the reaction eTe™ —
eTe” K{K§ with an energy-dependent partial wave anal-
ysis and discuss the place of the observed states in SU(3)
tensor nonets.

Only JF¢ = (2n)**, n = 0,1,2,... states decay into
two identical neutral pseudoscalar particles. The meson
states, consisting of light quarks n = u, d and strange
quarks s, form meson nonets: three isospin 1, four isospin
% and two isoscalar states. The isoscalar states can be a
mixture of nn and s§ components. The decay of I = 0,
without strange quarks, and I = 1 states into two kaons is
defined by the production of an ss pair (s-quark exchange)
and has the following structure:

wi + dd

— K"K~ + K°K°,
V2

I=0:

I=1:
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If isoscalar and isovector states have similar masses,
one observes strong destructive interference in the neu-
tral kaon channel [1]. The s5 component of I = 0 states
decays into kaons by u- and d-quark exchange. The cal-
culation of different decay modes from a large set of
I = 0 states shows that the s-quark exchange is suppressed
compared to the nonstrange quark exchange by a factor
A = (0.75-0.85). The decay ratios of an observable I = 0
state (which can be a mixture of nonstrange and strange
components) into different two-body channels are given in
table 1, as well as the ratios for an isovector state.

The ete™ — ete” KQK§ data used for this analysis
correspond to an integrated luminosity of 806 pb~!collec-
ted by the L3 detector [2] at LEP around the Z pole
(143pb~1) and at high energies, /s = 183-209 GeV
(663 pb~!). The K2K{ final state in two-photon collisions
was studied by L3 [3] and, at lower energies and luminosi-
ties, by TASSO, PLUTO and CELLO at PETRA [4].

The EGPC [5] Monte Carlo generator based on the
formalism of ref. [6] is used to describe two-photon reso-
nance formation. All generated events passed through the
full detector simulation program based on GEANT [7] and
GEISHA [8] and reconstructed following the procedure
used for the data.

2 Event selection

The selection of efe™ — ete” K{KJ events is based
on the K¢ decay into m*7~. The events have been col-
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Table 1. Relation of coupling constants g, (a = 7°7°, 777~

, nm, KTK~, K°K°, nn) with nonet coupling g for g mesons

decaying into two pseudoscalar mesons in the leading terms of the 1/N expansion. @ is the mixing angle for nin = (ua + dJ)/\/ﬁ

and s5 states, and © is the mixing angle for 7, n” mesons: 7 = nficos© — s5sin@ and n’ = nAsinO + ss5cosO. A is the
suppression factor of the s-quark exchange.
Channel Decay coupling, ga, Decay coupling, g, | Symmetry
for I =0 for I =1 factor, Sy
m0r° g cos®/+/2 1/2
atn~ g cos P/ /2 1
nm° g % cos © 1
KYK~ g(v/2sin® + VA cos D) //8 gV /8 1
K°K° g(\/QsinQ)—i—\/Xcos@)/\/g —g\/X/\/g 1
mm g(cos® © cos®/v/2 + VA sin® sin® O) 1/2
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Fig. 1. a) Invariant 3-dimensional distance between the pri-
mary and the secondary vertex; b) the angle in the transverse
plane between the flight direction and the total momentum for
the K9 candidates; c) the total transverse momentum imbal-
ance; d) the 777~ mass spectrum for reconstructed secondary
vertices.

lected predominantly using the charged-particle track trig-
gers [9], exploiting the central tracking system. To veto
79’ and photons the electromagnetic calorimeter is also
used in the selection.

The following criteria are used:

— There must be exactly four charged tracks in the track-
ing system with a net charge of zero; not more than 2
tracks should originate from the primary vertex within
3 standard deviations.

— Events with photons are rejected. A photon is identi-
fied as an isolated shower, with more than one crys-
tal in the electromagnetic calorimeter, with at least
100 MeV energy. The isolation cut requires no corre-
sponding track inside a cone of 0.2rad.

The KQ are identified by the secondary vertex recon-
struction.

— A secondary vertex should have an “invariant” dis-
tance d greater than 1.5 mm

MKS
PKS ’

d=do (2)

where dj is the distance in space between the primary
and secondary vertex (fig. la).

— To eliminate the secondary vertex from v — e'e
conversions, the cosine of the angle between 7 and
7~ should be less than 0.95.

— The angle « between the flight direction of the K2
candidate, taken as a line between the interaction point
and the secondary vertex in the transverse plane, and
the total transverse momentum vector of the decay
pions must be smaller than 0.3rad (fig. 1b).

— The total transverse momentum imbalance P, =
| >~ p¢| must be smaller than 0.3 GeV. In fig. 1c the
P, distribution is compared to the Monte Carlo pre-
diction for exclusive K§KY formation. The excess of
the data at high values of P; is due to KgKg events
with missing particles.

The 77~ mass distribution is shown in fig. 1d, a mass
resolution ¢ = 9.5 + 0.2 MeV is observed. Figure 2 shows
the distribution of the mass of one K$ candidate vs. the
mass of the other candidate. There is a strong enhance-
ment corresponding to the KJK2 formation. We require
that the reconstructed masses of two K candidates must
be inside a circle of 40 MeV radius centered on the peak
of the KJKY signal. Events inside a ring of the same sur-
face outside of the circle are used as an estimate of the
background in the accepted events sample.

With these selection criteria 870 events are found. The

background due to misidentified K. g pairs is estimated to
be less than 10%.

Figure 3 shows the KgK(S) mass spectrum of selected
events with the mass spectrum of the background esti-
mated as mentioned above.
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Fig. 2. The distribution of the mass of one K§ candidate vs.
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Fig. 3. The KK mass spectrum of selected events with the
mass spectrum of the background.

3 Partial wave analysis

In the present analysis, resonances are parameterised
as Breit-Wigner amplitudes with corresponding en-
ergy space factors and standard Blatt-Weisskopf factors
F(r,k,L) [10] calculated with an interaction radius r =
0.55 fm:

Q%QKK 1
M2 —s—iMI /2
koo [P [k i |55 F (cos O)
\/F(r, Koy Ly ) (7 ke iy Lic i)

AS =

: (3)

where S is the total spin of two photons, .J is the resonan-
ce spin, g% and gx i are the production and decay cou-
plings, respectively, k., and kxx the momenta, defined
in the center of mass of the resonance, L., and Li g are
the orbital angular momenta of the production and de-
cay system. The correct phase space factor for production
and decay channels as well as the angular dependence is
provided by orbital angular momentum operators in the
numerator. Due to the spinless nature of the final state
particles the amplitude structure for the decay of reso-
nances into KSKJ is defined by orbital angular momen-
tum operators only. These operators are constructed with
the kaons momenta [11].

Two quasi-real photons with orbital angular momen-
tum L and total spin S (S = 0,2) form resonances with
spin J corresponding to a 2! L ; two-photon state. A 0++
state is produced by only the 1S, combination of spin and
orbital angular momentum operators, while the 27+ par-
tial wave can be produced from a spin-0 state with L = 2
(1D3) or from a spin-2 state with L = 0 (°Sz). For a 4*+
state there are also two possible combinations: 'G4 and
®Dy. The form of the v+ operators used in the present cal-
culations was taken from [12]. The product of operators
for vy and KK channels leads to the following angular
dependencies for partial wave amplitudes:

L)y = (L) F(eos) = 0 s o,
YL.y)g = (Lxk)s: Fi(cos®) = Py(cosO). (4)

Here Lxx = J and L,y = J — S. The polarization of the
initial photons is not measured and states with different
spin do not interfere in the reaction. Thus the amplitude
for scalar states 'Sy might interfere only with ' Dy and 1G4
amplitudes. The °S; amplitude, which is the strongest in
the data, interferes only with the 47+ 5D, partial wave.

The mass distribution from vy — KJKQ reaction is
shown in fig. 3 and the angular distribution for the total
mass region in fig. 4a. It is seen that the angular distribu-
tion follows a sin? @ shape. However, our acceptance falls
rapidly for small sin @, and it is not easy to distinguish
between production of tensor and scalar states.

The KJKQ mass spectrum exhibits a clear resonance
structure. Despite their large two-photon widths, the
f2(1270) and the a2(1320) resonances produce a small
signal due to destructive interference [1]. The spectrum
is dominated by the formation of f5(1525). Close to the
KK threshold, the signal from the a¢(980) and/or f,(980)
state is also seen.

The coupling for the first tensor nonet is calculated
from the KK width of f5(1525): 65 + 5MeV [13]. The
relation between nonet coupling and partial widths is de-
fined as

F(T, k]\/[,L) ’

pls) = S )

where Sy is isotopic coefficient given in table 1, % is the
relative momentum of kaons and L = L is the orbital
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Table 2. Coupling constants, mixing angles and decay widths for tensor nonets calculated from the SU(3) fit. Values with
asterisk were fixed from other results [13,14].

First nonet Second nonet
a2(1320) | f2(1270) £5(1525) a2(1700) £2(1560) £2(1750)
Mass (MeV) 1304 £ 10 1277+ 6 1523+ 5 1730 1570* 1755 £ 10
Width (MeV) 120+ 15 195+ 15 104 + 10 340™ 160" 67+ 12
KK width 7.0732 7542 68" 5+3 2+1 17+5
(MeV)
Nonet coup- 0.95 £+ 0.08 0.35£0.05
ling (MeV)
SU(3) violation | 0.85+0.1 0.95+0.1 1.1+£0.1 1.07
factor
Mixing angle -1+3 7101“;’0
(degrees)
vy width 0.91" 2.55£0.15 | 0.13+£0.03 | 0.30+0.05 | 0.70£+0.14 | 0.13 £0.04
(keV)
7w width 15248 0.2759 25" 1.3+ 1.0
(MeV)
mn width 18.5+3 9.5+2
(MeV)
nm width 1.8+04 5.0+ 0.8 1.2+£0.3 20105
(MeV)
=200 = 30 f5(1525) as well as mrr, KK and nn widths of f»(1270)
éigg i" a) £20 b) (see table 2) within errors given in PDG [13]. However,
2o b g 10 H + the calculated 1) and K K widths for @(1320) appear to
0 e 0 T sa be about 20% higher than PDG value, which provides us
0 02040608 1 0 02040608 1 a scale for SU(3) violation in this nonet. These SU(3) vio-
lcos@l lcos®! at m(Kg Kg) =1.10.1 GeV lation factors are introduced in the fit to obtain the better
agreement with present experimental data as well as with
z 30 c) Z 80 £ d) branching ratios of the resonances.
é 20 s +.+. éj 28 SU(3) imposes strong relations between the v widths
=10 B ) of the nonet members. Here the vy coupling is defined
00 02040608 1 00 02 040608 1 by the charge factors and related as 1/\%/% for ss,
Icos® at m(K Kg) =1.3+0.1 GeV lcos®! at m(K Kg) =1.540.1 GeV (uti 4 dd)/v/2 and (u@i — dd)/+/2 components. For exam-
ple, the ratio of pure isoscalar and isovector states is 25/9,
= 40 ) =20 f which is in perfect agreement with the measured values for
g o Lt g ol £2(1275) and a»(1320).
= 10k 25k For the isoscalar S-wave resonances we use the P-
0 b 0 Ty vector approach with K-matrix parameterisation taken
0 02040608 1 0 02040608 1

Icos®l at m(Kg K¢) =1.750.1 GeV lcos®I at m(Kq K¢) =2.15%0.15 GeV

Fig. 4. The angular distributions on vy — KK reaction.
The data corresponds to points with error bars, the description
of the data (for the fit with nonet relations imposed) is shown
by solid curves.

moment of the decay of a reasonance with mass M. As-
suming that this resonance is a pure ss state we obtain
g = 0.96 £+ 0.08 GeV. This value reproduces nn width of

from [15] and impose SU(3) relations. There are no free
parameters in this amplitude for the resonance part. The
~7 couplings are also determined from SU(3) apart from
overall scale.

A contribution from 47T state might be seen from the
angular distributions at higher invariant masses in fig. 4.
The mass and the width and the I",,-coupling of this state
are the parameters. From the fit we obtain a resonant
contribution with mass of 2150 £ 30 MeV and width of
50 £ 20MeV. It can be a real signal from a dominantly
55 41 state which was not observed before. However, on
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Fig. 5. a) The description of the data with the first tensor
nonet states only. b) Description of the data with the first
tensor nonet, scalar states and a 47 resonance. c) Fit of the
data with components described in b) and the fo(1710) state
fitted with free parameters. d) Same as ¢) but mass and width
of fo(1710) are fixed from latest BES results [16].

the basis of the present statistics (the significance is only
20), we cannot exclude a statistical fluctuation.

In the fit we introduced coherent nonresonant con-
tributions in all partial waves. These contributions were
found to be small but useful to reproduce the KK spec-
trum in the nonresonant region.

The description of the data with these components is
shown in fig. 5a, b. The fit reproduces reasonably well the
mass region below 1650 MeV and above 1900 MeV, but
clearly failes to describe the 1700-1800 MeV mass region.

By introducing an additional tensor resonance with
1755 +£ 10 MeV mass and full width 67 £ 12 MeV, we find
a good description of the mass spectrum (fig. 6). The fit
describes well the dip in the region 1.7 GeV by a destruc-
tive interference between f5(1525) and f2(1750) states. If
a scalar fy state is introduced instead of f2(1750), the
mass of this scalar is found to be 1805 £+ 30 MeV and the
width 260 £ 30 MeV, but the fit fails to reproduce the dip
at 1700 MeV and the slope above 1800 MeV, as shown in
fig. 5b. A fy state can only interfere with the ' Dy compo-
nent naturally whuch is much weaker than the ®S, wave.
The ' D, contribution can be easily defined from the an-
gular distribution and is found to be very small compared
to the ®Ss-wave. This phenomenon was observed in 77y
production of tensor states into other final states [17,18]
and explained from the calculation of quark diagrams [12].
Therefore the fo and fo contributions interfere only very
weakly and their cross-sections are added, filling the dip at
1700 MeV. In contrast, the f2(1750) resonance interferes
with the tail of the f5(1525) producing a dip.

90

¢ Data
— Fit

-- Tensor mesons

80
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60 |
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Fig. 6. The description of the ~+ spectrum. The data are
shown as points with error bars, the solid curve corresponds
to the fit with nonet relations imposed, the dashed line shows
the contribution of tensor states and the dotted line the con-
tribution of scalar states.

4 SU(3) tensor nonets

We have fitted the I = 0 and I = 1 states belonged to
the first and second radial SU(3) tensor nonets, using pa-
rameters for the a2(1320) and a2(1700) states found with
the L3 experiment [17] and defining parameters for the
15(1525) and f2(1750) states from the present analysis.
The ratios for the production of tensors from D, and
S5 47 channels were first fitted; the result agrees with
values calculated in [12]. So in the final fit these ratios
were fixed at the predicted values.

With SU(3) relations imposed, the only parameters to
fit the data are masses, widths, the nonet mixing angles
and SU(3) violation factors.

We find very good description of the data as presented
in fig. 6. The quality of this fit is similar to the one ob-
tained with the energy-dependent partial wave analysis
without imposing nonet classification. The masses, widths,
KK couplings, mixing angles and partial widths of the
states are given in table 2. Moreover, if the SU(3) con-
strain is taken out the parameters do not move from SU(3)
values for more than 20%.

The f2(1560) and a2(1700) states give very small con-
tribution to the K{KJ cross-section. This is not a surprise:
these states have small branching for decay into two pseu-
doscalars and a radial excitation they also have small v~
widths of states. The partial width of the f2(1560) state
was estimated in [14] to be less than 25 MeV. To derive a
branching ratio for f(1560) — K K, we fixed the vy width
to 25 MeV. Of course, a smaller vy width would result in
a large KK width. The corresponding values for the KK
partial widths are given in table 2 and show very small
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contributions of these states to the reaction considered.
This is not the case for f3(1750), where SU(3) calculation
gives a reasonably large K K branching ratio and due to a
narrow total width we obtain a large branching ratio into
the two-kaon channel.

The mixing angle of the first tensor nonet was found
to be close to zero: (—1+ 3) degrees. The fit is very sensi-
tive to this value. Already at two standard deviations the
problems in the description of KK spectrum are clearly
visible. The mixing angle of the second nonet is found to
be —1073, degrees.

A description of the data within of SU(3) nonets has
a significant problem if the peak at 1750 MeV is assumed
to be a scalar state [13]. If this state is a nonet partner
of one of the known states, fy(1370) or fo(1500), then the
calculated signal is too weak to fit the data. If the KK
coupling of this scalar state is left free in the fit, we find
that it must be about 4 times bigger than the total width
of the resonance, due to the small factor and the absence
of interference with the f4(1525) tail.

5 Summary

We have performed a study of vy fusion into K{K§ data.
The reaction is dominated by production of tensor mesons.
In addition to the well known f3(1275), a2(1720) and
f2(1525) we found evidence for a further tensor state with
mass 1755 + 10 MeV and width 67 + 12 MeV. Although a
scalar state is not forbidden by angular distributions, it
fails to describe simultaneously the dip at 1700 MeV and
the slope at masses higher than 1750 MeV. When SU (3)
nonet relations are applied, this state is revealed as a solid
member of the second tensor nonet together with f(1560)
and a3 (1700) states. The mixing angles are determined to
(—1+3) degrees for the first and (—107%)) for the second
tensor nonet.
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