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Abstract
We observe 7, production in the two photon process ete™ — e¥e™ 7. at an ete”

center-of-mass energy of 58 GeV. We determine the radiative decay width o (1)
to be 27 £ 16{stat) £ 10{sys) keV.

1 Introduction

1 Deceased

1. Introduction

The cross section for the formation of meson resonances in two photon processes is
proportional to the meson’s two-photon radiative decay width, I'.... of the state that is
produced.  Measurcments of I'., are important for understanding the dynamics of 4§
bound states. This is especially true for heavy quark states. such as charmenium, where
non-refativistic potential models are expected to be applicable. ‘

Quark potential models have been used to calculate the two-photon width of the g,
meson (I (5.)) [1]. Nonrelativistic verstons of the model thal include the lowest order
QUD corrections predict the following relation between the lepionic decay width of the
J/ i and the two-photon width of the #.[2]:
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Using a recent calculation of this ratic of 2.2 £ 0.2 [3], together with the measured J/u
feptonic decay width [eo(J/v) = 5.26 £ 0.37 keV 4], gives the value I, (5,) = 11.6 £ 1.3
keV. The decay width has also heen calculated wsing QCIY sum miles [3] and the Bethe-
Salpeter formalism [6]. The different theoretical approaches give predictions that range
from 5 to 13 keV.

Previous measurements of ', (5.} have been made at e*e™ colliders [7-12] and in
the Antiproton Accumulator at Fermilab [13]. These cxperiments used a variety of n,
decay channels: AOK*#F N¥K-w¥r~, 2x+2z~, 2K+2K " etc, (sce Table 1). The
mosl significant results were obtained from studies of the decay n, — KON *aT. Here
unambiguous strange particle identification is provided by the decay K? — #t=~. The
measured results range from 6 {o 28 keV and have large errors because of limited statistics
and uncertainties in the g, branching ratios.

In this fetter we report the first observation at TRISTAN cnergies of exclusive 7,
production via two photons in the process ¢te™ — e KORN%x¥. We measure the
production rate for processes where neither the scattered electron nor the positroun is
detected ("untagged”™mode). In this case, the 7, is coupled to two quasi-real photons,
onc cmitted by the elcctron, the other by the positron. From the observed cvent rate, we
calculate a value for the radiative width F.. (n.).

2. Ewvent selection

The data were taken with the AMY detector at TRISTAN at an average beam energy
of 20 GeV. The total data sample corresponds to an integrated luminosity of 275 pb™t.
Details of the AMY detector are provided elsewhere [14,13]. For this analysis we use track
information given by the central drift chamber(CDQ) situated in 3 Tesla magnetic field.
The CDC has 25 tayers of axial wires and 15 layers of stereo wires and its polar angle



acceptance is |eosf| < 0.91. Electrons and photons are detected in the lead /proportional-
tube barrel shower counter (SHC) and the lead/scintillator endeap shower connter (ESC).
The angular coverage of the combined shower counter systems is |cos8| < 0.95.

2.1 Selection of 4 prong untag events

In order to isolate the KOK*x¥ hadronic final state, we select four prong events that
salisfy the following criteria:

1} At least four good charged tracks in CDC, where good charged tracks satisfy the
following requirements:

a) at least eight axial wire hits and five stereo wire hits:
b} a normalized y? of the track fits with values 1%, < 12 and v} < 12; and

¢) the tracks must originate from within =6 ¢m and |z|=10 ¢m of the interaction
point.

2) The net charge of the four charged tracks satisfies |E¢i| = 0.

3) The net transverse momentum satisfies [Sp;| < 15 GeV/c, where pi; are the
projections of the charged track momentum vectors on the plane transverse to the
beam direction.

4) At least one of CDC tracks must have ;] 2 1.0 GeV/c and at least two must have
|7l = 0.75 GeV/c. This requirement ensures a high trigger efficiency for the event.

5) The observed mass of the hadron system W, is between 1 and 20 Gc\"/cz. where
W, is calculated by assigning the pion mass to all charged particles.

6) Fvents containing photons are rejected by demanding that no isolated shower with
energy larger than 500 MeV (3 GeV) is' detected in the SHC (I'8C). The ESC
threshold energy is relatively high in order to take into account overlapping effects
of beam-induced backgrounds on signal events.

2.2 Selection of A? inclusive events

The AT is identified from its decay into x¥#x7. To reduce backgrounds, we take
advantage of the finite mean free path (er = 2.676 cm) of the K7, A secondary vertex
(V®.} searching routine is applied to the data that looks for oppositely charged pairs of
CDC tracks that intersect at a point more than 1 cm radially distant from the interaction
point. The invariant mass and momentum of the 179 is calculated from the sam of the
two track momenta evaluated at the position of secondary veriex, assuining pion masses.
We require that the vertex position of the ¥ in the r — $ plane is located between 1 cm
and 15 cm away from the interaction poirt and that the momeatum direction matches
the direction connecting the vertex and the interaction point within 10 degrees.

Real 170 particles that arc not K2s can be due to gamma conversions {5 — ete”)
and A — Pr~{A - Pzt) decays. Such background events ave removed by positively
identifying +'s and A's as follows:

1) 7
If the invariant mass of V° is less than 0.200 GeV when both particles are assigned
an electron mass. the ¥° is considered to be a gamma and rejected.

2) A:
If the invariant mass of 17 1s within 1.116 £0.020 GeV when one particle is assigned
a proton- and the other a plon-mass, it is considered to be A and rejected.

Figure 1 shows the #¥z~ invariant mass distribution In the range between 0.3 GeV and
0.8 GeV for the 131 selected Vs, A clear A9 peak is evident. A fit to this distribution
using a gaussian plus constant background term results in a central mass vatue of 0.491 4
0.002 GeV and a resolution of ¢ = 0.007 £ 0.002 GeV where both ervors are statistical.
This indicates a 0.006 GeV systematic error in the K’ mass measurcment. We identify
¥%s with an invariant 7%~ mass between 0.476 and 0.521 GeV as A? candidates.

2.3 1. Reconstruction

As mentioned above, we sclect exclusive 4 events by requiring events the net trans-
verse momentum to be [Zp] € L3 GeV/e. A Monte Carlo study shows that 76% of
the inclusive K wnesons from 1y, decays satislv this criterion (see Fig.2). Two events are
consistent, with 2 A2K? decay and are removed from the event sample. Other exclusive
yy-processes that can simulate a KOKEx¥ final state are AA, ART, and ApK ™ pro-
duction. These events are already removed from the event sample at the A? selection
stage.

Sinee our detector has no capability to distinguish a charged kaon from a charged pion,
we assumc two hypotheses for cach event: KoK *r~ and KR -7%. Flgure 3 shows the
KYK*xT mass spectrum for all events. Since there are two entries per event. the vertical
axis Is norinalized to the correct number of events by dividing the total number of entries
by two. The experimental data show a peak around 3 GeV, which we interpret as evidence
for exclusive 3, production.

To estimate the background. we made Monte Carlo simulations of the process ete™ —
e*e” hadrons using the event gencrating program developed by AMY for the study of
resolved photon processes [16,17). The program includes contribulions from Vector Meson
Dominance (VMD), the Quark Parton Model{(QQPM) and resolved photon processes. The
latter uses the LACL parametrization for parton densities in the photon with LUND
fragmentation {18]. We also include the e¥e™ — e¢¥¢™+¥77 process. After applying the
same selection criteria as for the real data, no 777~ events remain in our data sample. The
combined mass spectrum from the background sources (VMDD +QPM+LAC1) is calculated
and the result is shown as the hatched histogram in Fig. 3. The estimated background
mass spectrum is fitted to the second order polynomial function and the result is shown
as a dashed line.



We have also simulated the process ete™ — et . — c+c‘1\.’§’f\'in¢. details of which
15 described in the next section. The sum of resulling mass spectrum of KON E%7 and the
background contribution is shown as the solid histogram in Fig. 3. where the histogram is
normalized to the data as discussed below. We consider the events that are within £0.200
GeV of the true mass of 4, (2.980 GeV) to be candidale y, events. Because of the relatively
bigh momenta of the secondary particles. the incorrectiy assigned KK %% combinations
also produce a peak around 3 GeV. Monte Carlo studies indicate that 8% of all entries
are ouiside of the selected mass region. We include a 4% svstematic error on the number
of 5, events for this effect. We obtain a signal level of 6.5 candidate cvents, The level of
background is abtained by normalizing the polynomial function obtained from the Monte
Carlo studies described above to the observed event, rate outside the 7, mass region. After
subtracting 1.64-1.4(stal} background events, we find 4.93+2.9(sta!l) 3, cvents. The Monte
Carlo histogram for the K'Y K *=xT mass spectrum in Fig. 3 is normalized {o 4.9 evenls.

3. Measurement of the radiative width of n,

In order to determine the radiative widih I',- {5, ), we generated Monte Carlo events of
the processe¥e™ — cFe™n, — ete” KOK a7 using the cross section formula and the event
generator package of BASES/SPRING [19]. The diffcrential cross section de(cte™ —
cte™n,) factorizes into a luminosity function and the two-photen cross section o{yy —
1e}{20]. The luminosity function is taken from the Ref.{21]. The two-photon cross section
a{yy = ne) is given by [20]:
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where A4, (2.980 GeV) and D[ye(5.3(13.2 MeV) are the mass and total width of the 3.
respectively [4].

The n, — KPR*7¥ decay is produced using a three-particle phase space generator,
The generated events are passed through a detector simulation program and subjected to
the same event selection program that is used for the real data. The resulting NOR® 27
invariant mass disiribution is shown as the solid histogram in FFig. 3. The deteclion
efliciency{zq) of NORK*7T event from 1, decay is 0.35%(+0.01% from Monte Carlo statis-
tics).

The linear relation between the decay width I',.(n.) and the total cross section for 7.
production leads io the following expression:
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where
Nops = The number of observed g, events,
M (p.) = The radiative decay width of 7, for Monte Carlo events,
gyeete” = ete™y,) = The total cross section of the process ¢te™ — eteyy,,

P00 ) owdete” =+ ¢ten,) is independent on T'MC(5.) and calcuiated to be

ot

1 KeV/13.2 pb by using BASLES.

B(n. — KOK*=5%) = The branching ratio of . — K°N*7% = 1.83 £ 0.57%,
g = Trigger cfficiency = 0.79 4 0.09(sys).

and L = Integrated luminosity = 275 ph™'.

The experiment utilizes a number of different trigger conditions. none of which are totally
redundant. Thus. the trigger efliciency is estimated from a comparison of the fractions of
events triggered by different sets of individual trigger modes with Monte Carlo expecta-
tions. The systemalic crror is estimated from the variation of the trigger efficiency when
different combinations of trigger modes are chosen,

The result of our analysis of the reaction ete™ — et~ KON*=F is
Conine} - Bl — KOKErT) =049 + 0.29(ste) £ 0.09(sys) keV.

The systematic error includes the uncertainties in the luminosity measuerement (2%),
trigger efficiency (9%}, background subtraction {i2%). and the cvent selection eriteria
(10%), all added in quadrature. {The systernatic error of 1% on the number of 5, events
is included in detection efficiency.)

The computation of the radiative width T..(7.) is affected by the large uncertainty
in the 5, branching ratio. The currently accepted PDG value for By, — KOK*zT) is
1.8310.57%[4]. Using this branching ratic value leads to I...(n,) = 272 16(sta)+ 10(sys)
keV. where the error of the branching ratio has been added in quadrature as one of the
systematic errors. Qur result is larger than, but consistent within errors with the PDG
world average value of T..{n.) = 7.375% keV.

4. Summary

We observe a signal of y3 — 5. production in the reaction e¥e™ —s ¢Fe" APKN* 7%, A
total of 4.9 4 2.9(sta) . events arc scen for an integrated luminosity of 275 pb~!. This is
the first observation of . production at TRISTAN energies. The product of the radiative
decay width and the branching ratio .., (9.) - B(n. — KPK%:%) is determined to be
0.49 £ 0.29(sta) 2 0.09(sys) keV.

The determination of the decay width T, (i) Is affected by the large uncertainty in
the y. decay branching ratio. Using the world average value of the banching ratio, we
obtained T (5.) = 27 £ 16{sla) £ 10{sys) keV.
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Vo () (keV)

Experiment Average of various modes | 5, — KON *x¥ mode
PLUTO(1986)(7] 28 4 15 28415
TPC/2+(1988)i8] 6.4%38 <18
TASSC(1989)[9] 19.9%6.1+86 193 £ 75 £7.7
CLEO(19903(10} 59130419 10.9%55 + 3.4

L3(1993){11} 8.0+23+24 —
ARGUS(1994){12) 113+ 4.2 15.1+£3.7+50
E-T60(1995){13] 6.7v31+£23 —

PDG Ave.[19963] 545 —
The present experiment 2T+ 16+ 10 TE16%10

Table 1: Experimental results for T...(5.). The values of T".,(7.) for 5, — I;:EI\-:’:TI':F mode
are calculated from the original values using the present PDG branching ratio 1.83% for

this decay model[4].
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Fig. 2: The net transverse momentum |2pr.,| distribution. The points are the experimen-
tal data. The histogram is the Monte Carto expectation for . events where the ordinate
scalc is in arbitrary unit.

Fig. 1: Invariant 7tz ~-mass distribution of the observed 179 tracks in the four prong
everts.
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Fig. 3: Invariant K?K*x¥F.mass distribution. The experimental data points are plotted
with bars indicating the statistical error. The background contribution obtained from
the Monte Carlo caleulation is indicated by the hatched solid histogram. Hs fit to the
polynomial function is shown as a dashed line. The solid line shows the background
contribution normalized to the obscrved dala outside the 1, mass region. The sum of the
7. Monte Carlo events and the background contribution is shown as the solid histogram.
The 7. Monte Carlo cvents are normalized to the experimental daia.
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