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We have observed exclusive production of K*K~ and K{K? pairs and the excitation of the f'(1515) tensor meson in
photon—photon collisions. Assuming the f’ to be produced in a helicity 2 state, we determine I'(f' - yy) B(f' - KK)
=0.11 £ 0.02 = 0.04 keV. The non-strange quark content of the f’ is found to be less than 3% (95% CL). For the 8(1640)
we derive an upper limit for the product I'(6 = yy) B(6 - KK) < 0.3 keV (95% CL).

We present the first measurement of the two-photon
excitation of the f'(1515) meson in the reaction:

ete~ >ete tyy-sete +f'.

The f' was detected via:

f'>K*K™, (1)
and
' >KIKO » ntn—ntn . )

Detection of the scattered e* or e~ was not required.

Within the framework of SU(3) a measurement of
[(f" = yy) and the knowledge of I'(fO - y7) allow the
determination of a deviation of the J¥C = 2+* nonet
from ideal mixing.

The experiment was performed with the TASSO
detector at the DESY storage ring PETRA. A descrip-
tion of the detector can be found elsewhere [1]. The
present data sample corresponds for channel (1) to an
integrated luminosity of 74 pb—1 at beam energies be-
tween 7 and 17.5 GeV and for channel (2) to 79 pb—!
at beam energies between 14 and 18.3 GeV, with most
of the data around 17 GeV. The data reported here
were taken with the following triggers:

(1) Four or more charged tracks, or (2) any two
charged tracks having associated signals in inner time-
of-flight counters separated by more than 154° in
azimuth, or (3) two or more charged tracks originating
from the interaction region.

These triggers were based on the central propor-
tional and drift chamber processors, which required
the track momenta perpendicular to the beam, p, to
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exceed preselected nominal values, leading to momen-
tum dependent track detection efficiencies. For the
first part of the data, only triggers (1) and (2) were
used; the track finding efficiency was 50% at py = 0.20
GeV/c, increasing to about 95% for pp > 0.37 GeV/c.
The majority of the data (~65 pb—1) was taken with
the additional trigger (3), which was the most efficient
one for our present study. For this trigger, a lower pre-
selected nominal p value was used, leading to a track
detection efficiency of 50% at pp = 0.17 GeV/c and
of 95% for pp > 0.29 GeV/c. This trigger required the
event vertex to be within 15 ¢m of the interaction
point along the beam direction. The vertex was found
by using the cathode information of the central pro-
portional chamber [2].

We first discuss the analysis of the KYK ™ final
state, Candidates for two-photon produced events
with two charged particles were selected requiring two
oppositely charged tracks with p1 > 0.20 GeV/c and
|cos 9| < 0.8, where ¢ is the polar angle with respect
to the beam axis. In order to reject lepton pairs from
one photon annihilation and cosmic rays the sum of
the measured charged particle momenta had to be less
than 40% of the beam momentum, and the two tracks
had to be non-collinear by more than 5 degrees. To
minimize uncertainties introduced by energy loss, de-
cays, secondary interactions and multiple Coulomb
scattering, the momentum of each track had to be
larger than 0.35 GeV/c.

For the identification of K¥K™ pairs we used time-
of-flight (TOF) measurements from the 48 scintillation
counters surrounding the cylindrical drift chamber at
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a radius of 1.32 m. The rms time resolution is 445 ps
for particles passing through the centre of the counters,
improving approximately linearly to 265 ps for parti-
cles passing through close to the end of the scintilla-
tors. The efficiency for the TOF measurement was
92%, averaged over the full period of data taking.
Since the TOF separation of kaons from the lighter
particles deteriorates with increasing particle momen-
tum, only events with both tracks having momenta
lower than 0.9 GeV/c were taken for the analysis. For
each particle in this data sample we calculated the
square of the mass from the measured track length,
momentum and time-of-flight (mTOF) In fig. 1 we
plot mror of the negative particle versus mrgp of
the positive one, restricting the vector sum of the
transverse momenta of the final state particles {Z py|
to be less than 0.1 GeV/c. While most of the events

— electron, muon and pion pairs — cluster around zero,

about 0.8% of the entries are KYK ™ pairs. In this anal-
ysis we do not distinguish between electrons, muons
and pions and will refer to them all as “pions”.

Candidates for kaon pairs were preselected by ap-
plying a cut m%OF > 0.1 GeV? for both tracks (com-
pare fig. 1). To select kaon pairs, three gaussian
weights (n = *“n”, K, p)

W(n) = exp[ —(t, — 1,)%/20%) (3

were assigned to each particle, corresponding to the
three hypotheses that the particle is a “pion”’, kaon
or proton. Here ¢, is the measured TOF, ¢, is the ex-
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Fig. 1. Scatter plot of "‘?I’OF of the negative particle versus
mToF of the positive one for two-photon events with two

charged particles after a cut of | £ pl < 0.1 GeV/c was applied.
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pected TOF for hypothesis n, and ¢ is the rms time
resolution (265-445 ps) as discussed above. The
weight W(K) for each track had to be consistent with-
in 3 sd with the kaon hypothesis.

To separate kaon pairs from “a”“a”, “r”’K, “n”p
or pp pairs the following cuts were applied to the
event weights, i.e. to the product of the particle
weights:

WKY) W(K™)> 10+ 125 W(r*) W(n—),

WK*) W(K™)> 10+ 0.2 W(K*) W(n¥),

W(K*) WK™)>10-0.2 W(p) W),

WK WK™)>10-1  W(p) W(x—). @)

The factors (125, 0.2, 0.2, 1) in (4) take roughly into
account the observed relative abundances of the dif-
ferent particle pair combinations. The extra factor of
10 ensures that even in the worst case the probability
to be K*K ™ for a pair selected in (4) is larger than 90%.

For vy final states, the net transverse momentum
is predominantly small, which allows a rejection of
events with undetected particles. After a cut of |Z pl
< 0.1 GeV/e, the remaining background of K*K~
events with additional undetected particles was esti-
mated to be 2%.

The K*K™ mass distribution of the 419 events sur-
viving these cuts is shown in fig. 2a. A clear enhance-
ment in the region of the f' is seen. The contribution
from misidentified particle pairs to this ' signal was
estimated from the tails of the measured m%‘OF distri-
butions and found to be less than 5%.

In order to understand the shape of this mass dis-
tribution we simulated the reaction ete~ > e*te~ + vy
—e¢te~ + KYK™ in the detector by a Monte Carlo pro-
gram. Events were generated according to

dOgre-nere-kR _ AL(W,,, w) do,, kg (W,,,cos6")
dW,, dw d cos §* dwwdw d cos 6* -

where the symbol w represents the variables of the two
v’s other than the centre of mass energy W,n, 0* is the
angle between the photon and kaon direction in the yy
centre of mass system and £ is the two-photon lumi-
nosity function for transverse photons [3]. These
events were passed through the same cuts as described
above for the real events.

Fig. 2d shows the percentage of accepted events of
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Fig. 2. (a) M(K*K ™) distribution. The full curve is the result of a fit as described in the text. The dashed—dotted curve is the con-
tribution from the interfering f©, A, and f’ resonances. The background contribution is given by the dashed line. The error on the
dashed —dotted curve reflects the uncertainty in the vy partial widths and KK branching ratios of f' 0 and A,. (b) Calculated cross
sections for yy = KK (no acceptance effects are included). The solid curve refers to the K*K™ final state (constructive interference
between A,, £ and f'). The dashed curve refers to the KK final state (destructive interference between the A, and the f° and f').
The dashed—dotted curve is the {' contribution assuming no interference. See text for details. (c) M(Kg Kg) distribution for events
with fitted | Z p1| < 0.15 GeV/c. The full curve is the result of a fit to a sum of the interfering fo, A, and f’ resonances and a back-
ground (dashed—dotted line) as described in the text. The dashed curve is the estimate of the absolute background not due to KgKg
production, with an uncertainty given by the shaded area. (d) The acceptance as function of the KK effective mass. The dashed curve
is for a K*K™ isotropic decay angular distribution; the solid curve is for a K*K ™ helicity A = 2 distribution; the dashed—-dotted curve

is for a KQK? A = 2 distribution.

the type 7y = K*K™ generated with a flat distribution

in cos 6* (dashed curve) as well as with a sin46* distri-

bution (solid curve). The latter distribution applies for

the decay of JPC = 2** mesons in the yy helicity A=2
state, which is expected to dominate the yy production
of the tensor mesons {0, A,, f' [4].

Comparing the M(K*K ™) mass distribution in fig. 2a
with the acceptance curves in fig. 2d one finds that the
drop-off in the data below 1.3 GeV is caused by the
acceptance. Around 1.5 GeV the acceptance varies
smoothly and cannot explain the structure in the f’
region.

The contribution of the 2** nonet resonances to

the vy = KK cross section can be expressed as a co-
herent sum of the f0, A, and f’ amplitudes [5]:

Oy kR (Wyy) = (407{/W,$7)
X |[D(fO - yy) B(f0 > KK)]1/2 BW(f0)
+ [T(A; = 17) B(A; > KK)] /2 BW(A,)
+[I(f’ > yy) B(f' > KK)] Y2 BW("))2 . (6)

BW(R) = M\/T/(M?2 — W,%,Y — iMT) is a relativistic
Breit—Wigner amplitude, where M is the mass and I’
is the energy dependent width of the resonance R.

A barrier penetration factor was used as in ref. [6] ¥,

For footnote see next page.
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B(R = KK) is the KK branching ratio of the resonance
R, and I'(R = ) its 4y partial width. According to
SU(3) predictions [5], the plus sign of the second term
applies to the K*K™ final state; the minus sign applies
to KUK, where the interference between the isovector
(A,) and the isoscalars (£, f') is destructive.

In fig. 2b the calculated cross sections (6) are shown
for the final states K¥K ™~ (solid curve) and KOKO
(dashed curve). The values for the mass, total width
and B(R - KK) of the resonances and I'(f0 > yy)
=2.95 £ 0.40 keV were taken from ref, 57]. We used
the value ['(A, = yy) = 0.66 0.1 ltg:fG keV [8] and
assumed I'(f" > yy) B(f' > KK) = 0.11 keV. It is clear
from fig. 2b that for the K*K™ final state the inter-
ference near the f' region yields a mass spectrum
which is very different from the spectrum in which
no interference is assumed (dashed- dotted curve).

To determine the ¥y coupling of the f’ we fitted
the K*K™ mass spectrum (fig. 2a) between 1.375 and
1.650 GeV with a maximum likelihood method using
Poisson statistics. The fits included the contributions
from the interfering 0, A,, f’ resonances as given in
eq. (6). [(f' > yy) B(f' - KK) was treated as a free
parameter in the fit. For all contributions acceptance
effects were included assuming a helicity X = 2 angular
distribution.

In addition to the resonances, non-resonant KYK~
production has to be taken into account. A simple
Born approximation [9] gives too large a cross section
in the fit region. This Born term has to be modified
due to strong interaction effects which are expected
to suppress the cross section at higher values of
M(K*K™). In the absence of a rigorous description
of the mass dependence of this non-resonant K*K~
production, several background paramctrizations were
tried, such as a gaussian shape or a shape [M(K*K™)
— My] =" with 1 <n <6 and M a free parameter.
They all gave a reasonable description of the data.

The result of one of these fits is shown in fig. 2a
(full curve). The background parametrization used
(dashed curve) is the one which yielded the central
value for I'(f' = yy) B(f' = KK). The contribution
from the resonances is given by the dashed -dotted
curve. The following value was obtained for the prod-

*1 The parameter r, as defined in ref. [6}, was set for all three
resonances to 1 fm. The cross section at the f’ peak is
lowered by 8% when r is increased to 2 fm.
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uct of the KK branching ratio and yy width of the f:
F(f' > vy) B(f' > KK)
=0.11 £ 0.02 (stat.) * 0.04 (syst.) keV .

The systematic uncertainty comes from various con-
tributions:

- different background parametrizations as described
above (0.025 keV),

— errors in D(fO = yy), [(A, ~ yy), B(f0 - KK),
B(A, = KK) (£0.015 keV),

— uncertainty in the acceptance and overall normali-
zation (£0.020 keV).

We now describe the analysis of the K?K? fina]
state. Candidates for the two-photon excitation of
the f' meson, with a subsequent decay into two K?’s
each of which decays into n*tn~ were selected from
the sample of events with two positive and two nega-
tive tracks. All tracks were required to have a p
> 0.1 GeV/e and |cos 9] < 0.87. The sum of the mea-
sured charged particle momenta had to be less than
8 GeV/e.

In order to suppress events with additional unde-
tected particles, we demanded |Z p1| <0.15 GeV/e,
yielding a sample of 6370 events. In fig. 3a we show
the effective mass distribution M(w*n—) where all par-
ticles were assumed to be pions (four combinations
per event). Most of these data are due to p9p9 pro-
duction [10], however a clear indication of K? pro-
duction is seen. The evidence for double K? produc-
tion can be seen from the M(n*n~) distribution of
events where the other 7t7~ combination was re-
quired to be in the K{ mass region of 0.475-0.525
GeV (shaded histogram in fig. 3a — note change of
scale). The fraction of Kg in the shaded histogram is
enhanced. In figs. 3b—d we show the mass recoiling
against a K? in three regions of W,y Clear evidence
for K?Kg is seen in the W,y interval between 1.35
and 1.65 GeV.

The n*n—n*n~ events were fitted to the KIK?
hypothesis (2 constraint fit). 156 events with a fitted
{Z prl <0.15 GeV/c yielded an acceptable chi-square
probability [P(x2) > 0.1%]. The M(K9KY) distribu-
tion for these events is shown in fig. 2c, where a clear
signal at the f'(1515) is seen.

The reaction e¥e~ > e*e~ +yy > ete™ + KIKJ
—~c*e~ + gtn—ntn~ was simulated by a Monte Carlo
program. K?KQ - 47 events originating from f0, A,,



Volume 121B, number 2,3

LN S e S S S N L B S S B S 'j
H a
4 f
n § AR a
A, R & I '
7 p A n

600

(o}
o

450

~
o

300

Events per 10MeV
Events per 10MeV

~N
o

150

A HBs
AH B2

- Wyy= 12-135Gev

20 :

10 F 3

0 ]
Wy 135

30

RS BRI B

Events per 20MeV
3
i

B PR EE U TN N

TT 1T

o J S G G T S T Y N

F Wyy:165-20Gev | g 1
10 E S
0 SN BT S S NN N T NN T B W B I

03 05 07 09 11
Min*r)(Gevi

Fig. 3. M(n* ") distributions for yy - ata"n*n” events with
I1Z pt < 0.15 GeV/e. (a) M(x*n7) distribution (4 entries per
event). Also shown (shaded) is the M(n*n7) recoiling against
the Kg mass (0.475-0.525 GeV). The ordinate scale on the
left (right) corresponds to the full (shaded) histogram. (b)—(d)
The recoiling mass against the K9 as defined above for three
different W..y bins.

f’ with a A = 2 angular distribution were generated ac-
cording to egs. (5) and (6). Since the dominant back-
ground in our sample at small |Z py] is p%p0 produc-
tion, we generated p0p0 and four pion phase-space
events according to our measured cross sections [10].
All Monte Carlo events were analysed with the same
cuts and kinematical fit as the real data.

The background not due to KQKQ production was
estimated from the data as follows: Events having one
M(n*n~) combination below and the other one above
the KQ mass (side bands), were passed through the
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same kinematical fit, constraining the two M(n*n~)
combinations to values of 0.4 and 0.6 GeV, respec-
tively and requiring P(x2) > 0.1%. Since the variation
of this background as function of M(ztn—) is expected
to be small around 0.5 GeV (see fig. 3), the M(47)
distribution of the fitted events from the side bands

as defined above is a good estimate of the absolute
background (dashed curve in fig. 2¢). The shaded area
in fig. 2c represents the uncertainty in this background
determination. The reliability of this method was veri-
fied by repeating the same procedure with p9p0 and
four pion phase-space Monte Carlo events, The
amount of KIK? events in fig. 2c above the absolute
background in all M(4r) regions is consistent with the
KQK‘S) rates before the kinematical fit (figs. 3b—d).

The f0, A,, ' distribution of events generated ac-
cording to eq. (6) (with the minus sign for the second
term) and the background discussed above were fitted
to the data of fig. 2c in the mass region 1.2—1.9 GeV.
The full curve in fig. 2¢ shows the result of this fit,
where ['(f' > yy) B(f' > KK) was taken as a frce
parameter and the background normalization was
allowed to vary (dashed—dotted curve).

Correcting for unobserved decay modes and as-
suming A = 2, we obtain ['(f' - yy) B(f' > KK) = 0.11
+ 0.03 (stat.) + 0.04 (syst.) keV. In this fit we used
the PDG [7] values for the f’ mass and width. The
systematic error takes into account the uncertainties
in the background estimates, the kinematical fit
parameters and the overall normalization.

The decay angular distribution of events in the in-
variant mass range between 1.45 and 1.65 GeV was
studied in both K*K ™ and KOKY final states. The data
are consistent with both the A = 2 and the A = 0 as-
sumptions, while an isotropic distribution in cos *
can be ruled out, If a A = 0 helicity is assumed for the
f', the partial width obtained from the K*K~ (K/K?)
channel will be larger by about a factor of three (two)
compared to the A = 2 result, Jue to the change of the
acceptance and a different interference pattern. The
average result from f’ > K*K™ and f' > KIK? (as-
suming A\ = 2) is:

[(f" > vy) B(f' > KK)
=0.11 £ 0.02 (stat.) £ 0.04 (syst.) keV . )

This result is consistent with the upper limit of
I(f' > vy) B(f' > K*K™) < 0.6 keV (95% CL) given
inref, [11].
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Using the world average for ['(f0 - yy) [7], we
compare the product (7) with SU(3) predictions. The
mixing angle of the 2** nonet, 0y, is known to be
close to the ideal mixing value of 35.3° [7,12]. A cal-
culation of I'(f" = 7¥), using the mixing angle given
by the Gell-Mann—Okubo (GMO) quadratic mass for-
mula (28° £ 3°) [7], yields I(f' > yy) = 0.11*$: 42,
keV, where phase-space corrections were included.
Since KK is the dominant decay mode of the f’ {71,
this result is consistent within errors with our result
(7) for a wide range of B(f' - KK) values. Assuming
B(f' > KK) > 0.5 [12], our measurcment (7) yields
the following limits on the SU(3) mixing angle +2:

254° <@y <34.7° (95%CL).

The lower limit on ©y4 constrains the non-strange
quark content in the f' to be less than 3% (95% CL)
independent of B(f' - KK). This constraint also holds
in the model of ref. [13] which allows for gluonic ad-
mixtures to the resonances. Qur ['(f = yy) result is
however inconsistent with an extension of this model
[14] which predicts a strong suppression of I'(f' - vy)
<0.01 keV.

Recently, a resonant state 6(1640) decaying into
nm was found in J/y radiative transitions [15]. Pre-
liminary results [16] show that there is also a substan-
tial 6 branching ratio into KK. The partial width
['(6 - yy) may be larger than I'(f' - yy) [13,14].
Assuming JPC = 2+* A =2 and no interference with
the other 2**.states, we derive an upper limit for the
product ['(§ - vy) B(§ » KK) < 0.3 keV (95% CL).

To summarize, we have observed the excitation of
the f'(1515) resonance in photon- photon collisions
in both K*K™ and K0KQ decay modes. Assuming
= 2 and production according to eq. (6) we determine
T(f' > yy) B(f' > KK)=0.11 £ 0.02 + 0.04 keV.
Using the measured yy width of the fO, we find that
within SU(3) our result is consistent with I(f" - y7)
as calculated from the mixing angle of the GMO mass
formula for any reasonable value of B(f’ - KK). The
non-strange quark content in the f' is found to be less
than 3% (95% CL). With B(f' > KK) > 0.5 we deter-
mine the SU(3) mixing angle to be 25.4° <O <34.7°

*2 Our result also allows a second solution 4.3° < Oy <13.2°
(95% CL); however such a large deviation from ideal mixing
is inconsistent with the measured small value of B(f' — #n)
[12].
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(95% CL). An upper limit for the coupling of the
0(1640) to yy and KK yields I'(§ = yy) B(6 ~> KK)

< 0.3 keV (95% CL).
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