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Determination of the radiative decay width of the 7. meson
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Abstract

An analysis of the reaction yy — 7. was performed in five different decay channels of the n.: K¢KE¥#¥, KY K~ w7~
27727, ¢ and 2K*2K ™. A value Iy, (7c) = (11.3 £ 4.2) keV was obtained for the radiative decay width by combining
the results from the first four channels. Using our result on the two-photon width we also determined the branching ratio for
the decay 5. — 2K*2K".

0370-2693/94/$07.00 © 1994 Elsevier Science B.V. All rights reserved
SSDI0370-2693(94)01116-8



ARGUS Collaboration / Physics Letters B 338 (1994) 390-396 391

The measurements of the radiative decay widths of
hadrons have proved to be one of the most important
tools to study the composition and the properties of
the bound states of strong interactions. While for light
quarks the understanding of the binding forces is still
on a more phenomenological level, in heavy quark
systems, such as charmonium, fundamental tests of
QCD dynamics can be made. One of the important
quantities in the charmonium system is the relation
between the leptonic decay width of the J/y and the
two-photon width of the 9. which is to the lowest
order given by (see for example [1])

oy (7)) a2 Ml/w 2
Fe+e—(‘,/w) _3eQ( M7lr ) '

QCD corrections have been calculated to order
«; by Barbieri et al. [2] resulting in the relation
Tyy () = Fpve- (J/9) - (1.607997), which, together
withT,. .- (J/¢) = (5.361+0.29) keV [3], yields the
prediction Iy, (9.) = (8.6 £ 0.6) keV. Furthermore,
with the assumption that the hadronic 7. decays can
be described by the lowest order two-gluon diagram
one obtains the ratio of the hadronic to two-photon
partial width rhadrons(nc)/r‘)’)'(nc) proportional to
(as/a)?. This relation could in principle be used to
determine «;. However, in this case the QCD radiative
corrections seem to be too large to provide a reliable
prediction.

The radiative decay width I'y, (7.) has been mea-
sured by two different methods: in photon-photon col-
lision experiments [4-7] and by the measurement of
the process pp — v [8]. The most significant results
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were obtained from the analysis of the decay channel
ne — K2K*@¥, where a good identification of the K2
was achieved by determining its decay vertex. The re-
sults range from 4 to 27 keV and have large errors be-
cause of the small number of collected 7. events and
uncertainties in the knowledge of 7. branching ratios.
The present analysis aims at improving the precision
of the I',, (7)) measurement by using several decay
channels of the 5. meson.

The data used in this analysis were collected using
the ARGUS detector at the e* e~ storage ring DORIS
II at DESY, and correspond to an integrated luminosity
of 473 pb~!. The beam energies varied between 4.7
and 5.3 GeV. The ARGUS detector and details about
its trigger and its particle identification capabilities
were described elsewhere [9]. In what follows, we
describe the main features of the analysis, while details
can be found in Refs. [10,11].

The two-photon production of the 7, was studied
in e*e™ interactions via the reaction

ete” —ete ., (D

with the 7. decaying as follows:

e — KOK*a® - pra~KEn¥ (2a)
n— KK wta™ (2b)
e — 27 27w~ (2¢)
ne — d¢ — 2K*2K~ (2d)
ne — 2K*2K~  (including K+t K7). (2e)

We required for the final-state particles to have the
vector sum of transverse momenta, Y . p,, close to zero
and that no other particles were detected, since the
final-state electrons scatter predominantly close to the
beam direction and escape detection. In this way two-
photon processes with almost real photons were se-
lected (no-tag condition).

Candidates for 7. decays (2a) to (2e) were selected
from events with four charged particles and zero net
charge in the final state. In the case of decays (2b)
to (2¢) all four particles had to originate from a main
vertex close to the nominal interaction point. In the
case of decay channel (2a) we have accepted two
classes of events. Either two particles with opposite
charge had to originate from a common vertex close to
the nominal interaction point, while the other two had
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Fig. 1. Invariant mass of #+t#— for events in the 7. region
(2.90 GeV < Wy < 3.06 GeV): (a) for events with a secondary
vertex, (b) for events without a reconstructed secondary vertex.

to form a secondary decay vertex, or all four particles
had to fulfil the same conditions for the vertex as in
the case of decays (2b) to (2e). In order to use only
well measured tracks, we required for each charged
particle that the angle # between the momentum di-
rection and the beam axis fulfilled |cos(8)| < 0.92,
and for the transverse momentum p, > 0.06 GeV/c
(p: > 0.13 GeV/c for the decay channel (2e)).

Particle identification is performed by using data
from measurements of specific ionisation and time-of-
flight. A normalized likelihood is calculated for each
of the mass hypotheses, e, u, 7, K and p [9]. A
hypothesis was accepted if the normalized likelihood
exceeded a channel specific value from 1% to 25%
[10,11].

Particles associated with the K9 had to be identified
as pions, and their invariant mass was required to lie
within 20 MeV around the nominal K9 mass (Fig. 1),
corresponding to about three standard deviations of
the Monte Carlo simulated distribution of K2 masses.

The main background reduction came from the con-
dition on the vector sum of the transverse momenta of
the detected charged particles, which is for the decays
(2a) and (2d) (3_ p,)? < 0.03 (GeV/c)? and for the
other decay channels (3~ p,)? < 0.007 (GeV/c)2.

A further background reduction was achieved by
restricting the number of photons in the event. In the
case of the 7. decays (2b) and (2c) no photons were
allowed in the final state. Photons were defined as
calorimeter hits corresponding to energy deposits of
more than 80 MeV, which were not associated with
charged tracks. Shower counters with high noise rates
were excluded from the analysis. Due to the split-

ting of showers initiated by charged particles in the
calorimeter, parts of the showers can be misinterpreted
as photons. Only clusters clearly separated from clus-
ters caused by charged particles were considered as
photons. This separation was performed by requiring
|cos(F9cy)| < 0.9, where 3, is the angle between
the line from the interaction point to the hit in the
calorimeter and the line from the interaction point to
the point, where the charged track hits the calorime-
ter. In this way the requirement, that no photons are
present in the event, rejected 21% of events corre-
sponding to channel (2b), and 16% of events corre-
sponding to (2c). In the case of channels (2a) and
(2e) up to three photons were allowed in the event, so
that the analysis could be done without accounting for
noisy shower counters and splitting of showers. The
efficiency reduction by this constraint is 1.2%. For the
decay channel (2d) no constraint on the number of
photons was imposed. These criteria were taken into
account when determining the overall acceptance.

In the case of decay (2a) and (2b) several combi-
nations could fulfil the particle hypotheses. If the parti-
cle identification was not unique the combination with
the highest probability was chosen. From Monte Carlo
simulation studies we conclude that with this proce-
dure more than 95% of events were properly identi-
fied. The remaining wrong combinations have usually
invariant masses close to the 7, mass, leading to small
tails in the distribution. The effect was taken into ac-
count in the efficiency determination as described be-
low.

With this selection the invariant mass spectra for the
channels (2a) to (2c) in Fig. 2 were obtained. Fig.
3 shows the invariant mass spectra for the four-kaon
channels (2d) and (2e). In an attempt to increase
the efficiency for these channels the particle identi-
fication requirements could be relaxed by exploiting
in addition the mass constraint in channel (2d) and
the balance of strangeness in (2e). In particular, no
particle identification was required for the ¢¢ chan-
nel (2d). Candidates for this channel were selected
by forming the invariant masses of each pair of op-
positely charged particles assuming kaon masses. An
event was selected, if it had a combination with both
K* K~ masses within 15 MeV/c? of the ¢ mass. No
such event with a ¢¢ invariant mass in the 7. region
was found (Fig. 3).

To select the decay channel (2e) three of the four
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Fig. 2. Invariant mass distributions of KJK*#¥, 2727~ and
K*K~m*m~ final states.

particles were required to be consistent with the kaon
hypothesis and to have a momentum below 1 GeV/c?.
The four kaon mass spectrum in Fig. 3b shows a clean
7. peak together with a reflection from channel (2b)
around 3.3 GeV/c?. In the four-kaon channel we also
searched for the decay . — ¢K*K~. Candidate
events had to have a K* K~ combination with an in-
variant mass within 6 MeV/c? of the ¢ mass. Two
events were found in the 5, region above no back-
ground (Fig. 3).

Several possible background contributions in the
signal region were considered. The dominant back-
ground under the 7). signals is due to the non-resonant
two-photon production of the considered final states.
Other possible sources of background are the reactions
vy » mtr wta~ o and yy — K*K-wtw o,
where the 770 is not observed. This would mainly af-
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Fig. 3. Invariant mass distributions of ¢¢,2K*2K~ and Kt K~
final states. Note that if particle identification were required for
the ¢¢ channel, the background at lower invariant masses would
disappear.

fect the yy - wrw~ 7 7w~ and yy - KY K~ w*7w~
data. Using the published data [12,13] and Monte
Carlo simulations we find that these two sources con-
tribute 8 events to the channel w¥#7 7t7~ and 7
events to the channel K*K~#+7~ inthe 2.5 GeV to
3.5 GeV region. The background from the reaction
ete” — 777~ amounts to 2 events in the whole 2.5
GeV to 3.5 GeV invariant-mass region for the channel
7t~ 7t~ , while this contribution is almost negli-
gibile for the other channels. The sum of the above
mentioned non-two-photon background contributions
amounts to 2% of all accepted events in the 2.5 GeV
to 3.5 GeV region for the channels 7t 7~ #* 7~ and
K*K~ 7t~ . Independently, one can check the total
amount of non-two-photon background by comparing
the simulated (5 p)? distribution to the measured
one. We conclude that this kind of background can-
not exceed 4%. Monte Carlo studies show that all of
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the discussed background sources have a smooth be-
haviour in the signal region and thus do not contribute
to the number of 7.’s as determined by the fit.

Another source of background is due to particle
misidentification which leads to a reflection of one
channel into the others. Most of the reflected spec-
trum is a slowly varying function of the invariant mass
and is treated together with the continuum part of the
channel spectrum. On the other hand, the main reso-
nance structure that can be reflected is the 7, itself.
Monte Carlo studies show that such misidentified 7,
events follow a Gaussian-like distribution. For exam-
ple: between the events which were accepted as yy —
K*K~7m*7r~, we expect to find events coming from
the channel (2c) centered at 3.20 GeV, with o = 35
MeV. Using the known values for 5. branching ratios,
the expected number of misidentified events coming
from (2c) is 22% of properly identified events com-
ing from (2b).

The shapes of the 7, mass distributions and the ac-
ceptances were determined by a Monte Carlo simula-
tion of the two-photon production of the 7. according
to reaction (1) and subsequent decays into channels
(2a) to (2¢). The decays were generated according
to uniform phase space distributions, except for chan-
nel (2d), where the angular distribution for the decay
of a pseudoscalar into two vector mesons was taken
into account. The cross section used for the genera-
tion of events from reaction (1) was a product of the
luminosity function for transverse photons [ 14] and a
two-photon cross section, which contains a relativistic
Breit-Wigner function for the n. production (M, =
2.979 GeV, T, = 10.3 MeV [3]) and a J/¢ form
factor for each photon to account for the virtuality of
the photons. Since the virtuality of the two photons is
restricted by the (3_ p,)? cut, the results were insen-
sitive to the chosen form factors, e.g. a p form factor
changes the result for the radiative width by less than
1% for (3. p,)? < 0.03 (GeV/c)?.

The Monte Carlo generated events were passed
through the detector simulation program, and were
reconstructed and selected using the same programs
as for the data. The trigger simulation used thresholds
for the detector components as determined from the
data. The overall acceptance after applying the cuts
amounted to 8.7% for channel (2a), 7.9% for (2b),
11.6% for (2¢), 10.7% for (2d) and 5.6% for (2e)
with a J/y form factor. According to the simulation

the 7. signal for the measured channels can be de-
scribed by a Gaussian function with o ranging from
15 to 25 MeV.

The number N; of accepted 7). events in the channel
i has been determined by fitting the spectra in Figs. 2
and 3. The fit function was the sum of a Breit-Wigner
folded by a Gaussian for the signal, terms describing
reflections of the 7. from the other decay channels,
and an exponential function for the background de-
scription. The 7, mass was taken from [3] while the
width of the distribution was fixed to the simulation
results. The reflections were accounted for in the fit
by using the Gaussian functions as determined by the
Monte Carlo simulation with mass, width and normal-
isation fixed. The fitted number of 7. ’s in each channel
is given in the second column of Table 1 together with
the statistical error from the fit. The direct result of
the analysis is the product of 7, radiative width with
the decay branching ratio for each of the decay chan-
nels (Table 1). It was calculated using the following
formula

M2, Ni
(2mhe)? € A LI [dW,,’

Iy, -Br(ne — i) =

The value of the two-photon flux function dL17 /dW,,
at the 7, mass was determined by a numerical inte-
gration of the flux of transverse photons including the
same form factors as used in the acceptance calcula-
tion. The systematic error on the integrated luminosity
A (1.8%) is common to all channels i in the above
formula. The systematic error of the fit procedure was
estimated to be 3% for channels (2a), (2b) and (2e)
and 7% for channel (2c). The main uncertainty comes
from the determination of acceptance €; which is al-
most equal for all channels, and amounts to 9%.

Several tests have been carried out to check, whether
we understand our efficiency determination correctly.
The particle identification was tested by varying the
likelihood cuts. The photon rejection procedure was
checked by varying the number of photons allowed in
the event. Finally, in order to test our simulation in
total, the selected sample was restricted to the event
topologies, in which the measurement conditions are
most stable. In all cases the final results were in agree-
ment within statistics.

For each decay channel the two-photon radiative de-
cay width, as listed in the last column of Table 1, has
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Table 1

Results of the analysis of yy — #.. If two errors are given, the first error shown is statistical, the second systematical. In the case of
results for two-photon width, the first error is statistical, the second uncorrelated systematical, and the third the correlated systematical

error. Upper limits correspond to 95% confidence level.

Channel Events Fyy(7¢) - Br; Br; [15,16] Fyy(nc)

in keV in % in keV
K‘S’Kiw* 220x£53 0.281 £ 0.068 £ 0.028 1.78 £ 0.56 158+38+23+45
K*K—7tn~ 139+ 6.6 0.17 £ 0.08 £ 0.02 2.131£0.68 82+39+13+£23
27t~ 214186 0.18 £ 0.07 £ 0.02 1.09 +0.37 16.7+67+35+46
dd — 2(KTK™) < 30 < 0.0309 0.171 £ 0.062 < 24.1
2K+¥2K-® 9.1+35 0.231 £ 0.090 £ 0.023 - -
dKTK~ <63 < 0.152 - -

2 5. — 2K*T2K~ contains all topological modes except 9. — ¢¢.

been extracted from the measured product I'y,, (7.) -Br;
by dividing through the decay branching ratios. These
branching ratios, which are also listed in Table 1,
have been determined as averages from Mark III and
DM2 [15,16]. The quoted errors take into account that
these experiments are correlated due to the common
use of the branching ratio of J/i — 9.y ''. In addi-
tion, the relation Br(n. — KIK*7¥) = 2-Br(n. —
K*K—7°) was used to improve the value for the
K2K*7rT channel. For the ¢¢ final state, the average
from all modes from [16] was taken.

Our final result on the two-photon width of the 7,

Tyy (ne) = (11.3 £ 4.2) keV,

was obtained as the weighted average of the first four
decay modes. Only uncorrelated errors were consid-
ered at this step; the common systematic errors (30%)
were added subsequently in quadrature. They include
the uncertainty in the branching ratio of the decay
J/y — yn. (28%), and the uncertainty in the deter-
mination of the acceptance and the luminosity. If we
quote the uncertainty of the branching ratio Br( J/¢ —
7.Y) separately as a second error, our result reads

Fyy(ne) = (11.3+£2.7+3.2) keV.

In summary, for four different channels of the 7,
meson we determined the product of the two-photon
width times the branching ratio, Iy, (7.) - Br(n. —

' Note that in the 1992 Review of Particle Properties [3] the
average values for branching ratios were calculated as if the results
from the different experiments were not correlated. There is also
a numerical error in the listed value for Br(n; — KKm).

X), the most significant being I'y, () - Br(n. —
K2Kk*7¥F) = (0.28 + 0.07) keV. This value is con-
sistent with the world average of (0.23 £+ 0.08) keV.
The good particle identification capabilities of our de-
tector made it possible to observe the 7, signal also in
channels not containing K9 mesons in the final state.
The results for the two-photon width as measured in
the different channels are consistent with each other
and with previous measurements. Combining the re-
sults for channels (2a) to (2d) we obtain I',, (7¢) =
(11.3£2.7+3.2) keV.

Finally, by using our result on I, (7.) we obtain
the branching ratio Br(n, — 2K*2K~) = 0.021 £
0.010 £ 0.006. The second error is again the uncer-
tainty originating from the error on the branching ratio

of J/ — ney.
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