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Abstract. The KLOE experiment at the Frascati e"e™ collider DAFNE has completed this year its data
taking. An integrated luminosity of 2.7fb~! has been collected mostly at the ¢-resonance peak. A wide
experimental program is in progress. The detection of ¢ radiative decays allows to study the properties of
the lowest-mass scalar and pseudoscalar mesons and to obtain information on their structure. The main
results are reviewed together with the prospects for low-energy ete™ physics at Frascati.

PACS. 13.66.Bc Hadron production in e~e™ interactions — 14.40.-n Mesons

1 The KLOE experiment at DAFNE

The Frascati e™e™ collider DAFNE has been working since
1999 at a center-of-mass energy /s ~ mg = 1019.4 MeV.
In this last year it has reached an instantaneous luminos-
ity of 1.5 x 102 cm 25! that is the highest luminosity
ever reached by any ete™ collider in this energy region.
DAFNE has two experimental regions: one is occupied by
the KLOE experiment; in the other one the FINUDA and
DEAR experiments have been run in different times.
The KLOE experiment has collected in 5 years an inte-
grated luminosity of 2.7fb=1 : 2.5fb~! at the ¢ peak (cor-
responding to 6x10° ¢ decays) and 0.2fb~! at a slightly
lower center-of-mass energy, /s = 1GeV, out of the ¢-
resonance region. The detector consists of a very large
cylindrical drift chamber [1] around the interaction region,
a hermetic calorimeter [2] done with scintillating fibers
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Table 1. Main ¢ decay channels together with their branching
ratios.

Channel Branching ratio
KtK~ 49.2%

K°K° 34.0%
pr+aTn 7% 15.3%

7y 1.3%

70y 0.125%

'y 6.2x1075
7% 1.1x107*
7y 83 x107°

and lead surrounding the chamber and a superconducting
solenoid providing a 0.6 T magnetic field. The whole de-
tector is about 4m long and has a radius of about 3 m.
The drift chamber allows the tracking of charged particles
and the measurements of their momenta. The calorimeter
measures energy, position and time of neutral particles
(photons, K1) and, due to its excellent timing capabili-
ties, provides also a good particle identification of charged
particles (electrons vs. muons vs. pions).

The main decay channels of the ¢-resonance are sum-
marised in table 1. It can be seen that a ¢-factory is mostly
a kaon factory but, even if at a lower rate, it is also a
factory of n (~ 1%), n' (few x107°) and, through the
nry and nmy radiative decays, a factory of scalar mesons,
f0(980), fo(600) — 7w and ao(980) — n7. A large amount
of 77~ events are also observed. The large majority of
them are due to the initial-state radiation that allows to
study the ete™ — w77~ cross-section from the two-pion
threshold up to the ¢ mass. However, a small fraction of
these events is due to the decay chain ¢ — foy — 77 ™7.
In the following the results obtained by KLOE concerning
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the ¢ radiative decays to scalars and pseudoscalar mesons
are presented and discussed. A review of the kaon physics
done at KLOE can be found in ref. [3], and the first KLOE
results on the 777~ cross-section below the ¢ peak ob-
tained using the initial-state radiation can be found in
ref. [4].

2 Results on scalar mesons

Standing at the ¢-resonance energy, the lowest mass I = 0
(the fo(980) and the controversial fo(600) or o) and I =1
(the ao(980)) scalar mesons are accessible through ¢ ra-
diative decays. In particular the 7+ 7~ and 7%7%y final
states are sensitive to the I = 0 sector and the n7’y to
the I =1 sector. The nature of these scalar mesons is still
today controversial. In fact it is hard to describe their
spectrum and their properties as standard ¢g states. Sev-
eral hints suggest a 4-quark, ¢qgqg structure [5,6]. For what
concerns the two almost mass degenerate states fo(980)
and ag(980), whose mass is very close to twice the kaon
mass, the possibility that they are KK molecules has been
also considered [7,8].

The KLOE data on ¢ radiative decays are interesting
essentially for two reasons:

1. the possibility to estimate the coupling of the scalar
mesons to the ¢ that is an almost pure ss quark state,
either directly [9] or through a kaon loop [10];

2. the possibility to look for the presence of the ¢ in the
mass spectra.

The extraction of these information from the data is not
straightforward since a huge unreducible background is
present at least for the wm channels. A fit of the mass
spectra has to be done in any case using a parametrisa-
tion for the signal and for the background and including
in a proper way the interference between the different am-
plitudes. In the end one has to take into account several
unknown parameters and it is not easy to obtain model-
independent conclusions.

The results of the KLOE analysis of the 77~ chan-
nel are shown in figs. 1 and 2. The signal due to the fo(980)
is clearly seen in the 7T 7~ invariant-mass spectrum as a
peak in the fy; mass region (fig. 1) and in the profile of
the forward-backward asymmetry (fig. 2) [11]. In the case
of the 7%7%y channel [12] the f5(980) signal can be ob-
served as a population in the right corner of the Dalitz
plot shown in fig. 3.

In the 77~ v channel the main background is pro-
vided by the initial-state radiation with the typical struc-
ture due to the p° peak and to the p°-w interference (the
main structure in the spectrum of fig. 1(a)). In the case
of the m°7%y channel the main background is provided by
the reaction ete™ — wr® with w — 7%y (see fig. 3).

A good description of these data is provided by the
kaon-loop model [10] but also by the model described in
ref. [9]. In the first case the ¢ is assumed to couple to a
kaon pair and these in turn, after the irradiation of the
photon, annihilate producing the scalar meson. The am-
plitude is parametrised in terms of the fo mass and of the

447

4000
3
s
~3000
o

22000
&

(a)

>
W1000

0 rsr R T T W T S S S NS ST SO S N S S WA |
500 600 700 900 1000

m(1m) (MeV)

Fit residuals

4 : L : H
500 600 700 800 900 1000
m(ty) (MeV)
3500
g (c) ésoo a
o300 f k| ~eoo [
— — N
g% %400 |-
o) is] C
>2000 %) E
L * . 8200 -
1500 | | | 2 0 b
900 950 1000 900 950 1000
m(ta) (MeV) m(ray) (MeV)

Fig. 1. Fit of the #*#~ invariant-mass spectrum for the
ntn~+ sample. (a) Experimental data compared to the fit
function and to the background evaluated by the fit itself;
(b) residuals of the fit; (c) expanded view of the fit in the
f0(980) region and (d) experimental spectrum after back-

ground subtraction in the same mass region.

Table 2. Summary of the KLOE results on the most significant
fo(980) parameters. The mass and the coupling to the ¢ are
obtained using the fits done according to ref. [9] while the ratio
R is obtained using the kaon-loop fit; the B.R. is obtained by
integrating the square of the resulting scalar amplitude.

Parameter atamy [11]  7%x0y [12]
my, (MeV) 973-981 981-987
9o fory (GeVTH) 1.2-2.0 2.5-2.9
R=g; xir-/95yntn 22728 3.0-7.2
B.R.(x107%) 2.1-2.4 1.0-1.2

couplings gy, k+x- and g¢ -+.-. In the second case the ¢
is directly coupled to the scalar mesons through the emis-
sion of the photon. The main parameter is in this case the
coupling gg fo~-

The couplings of the fy to KK to nm and to the
¢-meson obtained by the fits are shown in table 2. An
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Fig. 2. The forward-backward asymmetry of 7+ 7"+ events.
Data (full circles) are compared to the Monte Carlo expecta-
tions with no fo (open triangles), and with fo (open squares).
The right plot shows the detail of the comparison in the fo
region.
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Fig. 3. Dalitz plot of the 7°7°y sample. The two narrow bands
are due to events eTe” — wn® with w — 7%y, while the excess
of the events in the right corner is due to the radiative decay
¢ — f0(980)y with fo — 7%x°.

estimate of the branching ratio B.R.(¢ — f,(980)y —
w7y) obtained by integrating the resulting scalar ampli-
tudes, is also obtained and presented in table 2.

Looking at the results of the fit we make the following
considerations:

— the mass of the fy(980) is in good agreement with
the range reported by the Particle Data Group my, =
980 + 10 MeV [13];

— the coupling to the ¢ is larger then 1GeV~! in both
cases; for comparison notice that the same couplings
for the lowest-mass pseudoscalar mesons are all well
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below 1GeV~! (between ~ 0.1 for the 7° and ~
0.7GeV ! for the n and 7');

— the ratio R is also larger than 1, showing that the fq
has a larger coupling to kaons than to pions;

— the branching ratios of the two channels differ by a
factor 2 as it should be based on isospin arguments.

For what concerns the o the results are somehow contra-
dictory. In fact the kaon-loop fit requires the presence of
the o in the case of the 7°7%y analysis to account for the
interference pattern with the wn® amplitude, but it does
not require it in the 777~ analysis. Moreover, the direct
coupling fit describes the low-energy part of the amplitude
as a polynomial background, so that even in this case the
o is not required. The conclusion is that it is not possible
to obtain a model-independent indication on the o.
Finally, the KLOE analysis of ¢ — ao7y [14] gives
a lower branching ratio, B.R.(¢ — agy — nm’y) =
(7.4 +£0.7) x 1075 and lower couplings to kaons, the ra-
tio R between the coupling to kaons and to nm® being
R=g i [90,nmo = 0.74£0.05. A new analysis with
a larger statistics is in progress and will be published soon.

3 Results on pseudoscalar mesons

Large samples of pseudoscalar mesons are also accessible
at KLOE through the ¢ radiative decays (see table 1). In
particular about 8 x 107 monochromatic 7-mesons with
p = 360MeV/c and about 4 x 10° 5-mesons with p =
60 MeV/c are present in the full KLOE data sample.

A measurement of the -’ mixing angle has already
been published [15] based on the detection of the final
state 7t 73y in the first 20 pb~" of data collected in the
year 2000. Improved upper limits on the branching ratios
of the forbidden decays n — yyv [16] and n — 7T 7~ [17]
have been also obtained and the dynamic of the n — 37
decays has been studied by means of a Dalitz-plot analy-
sis [18].

We present here two recent results: the first is an im-
proved measurement of the n-n’ mixing angle done using
the 777~ 7y and 7 final states, the second is a new mea-
surement of the n mass based on the 3+ final states ¢ — ny
with n — v7.

The pseudoscalar mixing angle in the flavour basis ¢p
is obtained by the ratio

_ B.R.(¢ = 1'7)
B.R.(¢ — 1)

according to ref. [19]. To get the B.R.(¢ — 1'vy) we use
the 7t 7~ 7~ final states that are due either to the decay
chain ' = prta~ with n = 37° or to ' — nr7° with
n — ntx 0. For the B.R.(¢p — n7y) we use the 7y final
states due to the decay chain  — 37°. Out of a 427pb~!
data sample we select 3750 1’ events and 1.7 x 10° ) events.
The estimated background is about 345 events (less than
10%) for the n' sample and is negligible for the 7 sample.
The result for the ratio R is:

R (1)

R = (4.79 £ 0.095141 £ 0.205,5;) x 1073, (2)
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Fig. 4. Bounds in the (Y, X,)-plane coming from KLOE
(horizontal band) and from the other experimental quantities
indicated in the insert.

where the systematic uncertainty is dominated by the
knowledge of the intermediate branching ratios of the n’
that is not better than 3%. The mixing angle in the flavour
basis is

op = (41.4 4 0.3t £ 0.75yst + 0.611)°, 3)

where we add a further theoretical uncertainty due to the
knowledge of the parameters entering in the angle deter-
mination [19]. By applying the relation §p = pp—arctgy/2
we get the mixing angle in the octet-singlet basis to be

0p = (—13.3 + 0.3510¢ £ 0.7,y5 £ 0.645)° (4)

in agreement with the recent BES results §p = (—15.9 +
1.2)° [20] obtained using .J/v radiative decays.

The KLOE result is used to check the amount of pos-
sible gluonium content in the 1’ wave function. We define
the three coefficients X, Y,» and Z, as the coefficients of
the quark and gluon component in the 5’ wave function:

1
V2

In case of no gluonium content (Z,, = 0) the mixing angle
@p is simply related to Y, through the

In') = X,y —=|uti + dd) + Y,y |s5) + Z,|gluonium). (5)

Yoy | = cospp (6)

so that the KLOE result corresponds to a horizontal band
in the (Y;/, X,)-plane shown in fig. 4 where other bands
based on different measurements are included. A cross-
check of the Z,, = 0 hypothesis is obtained by check-
ing that the bands meet in a region compatible with the
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Fig. 5. Dalitz plot of 3y events with the photons ordered in
increasing energy. The solid line corresponds to the applied
cut: only events below the line are considered. It can be seen
that after the cut two populations survive at fixed values of
mf,nz: one gives the mass peak of the 7%, the other one gives
the mass peak of the 7.

X2 4V =1 curve. A preliminary result of this analysis
gives X2, 4+ Y, = 0.93+0.06 that constrains the gluonium
content of the ' to be below the few percent level.

The two most recent and most accurate measurements
of the 7 mass are in bad disagreement with each other:

m, = (547.843 +0.030 £ 0.041) MeV (NA48),  (7)
m, = (547.311 £ 0.028 £ 0.032) MeV (GEM).  (8)

The NA48 experiment at CERN has looked at the decay
n — 707979 from a n sample of very high energy (in aver-
age 110 GeV) produced by protons hitting a beryllium tar-
get [21]. The GEM experiment has measured the missing-
mass distribution of the reaction p+d — 3He + 17 [22]. All
the previous experiments quoted in ref. [13] have larger
uncertainties but central values somehow more consistent
with the GEM result.

KLOE performs the 7 mass measurement, by exploit-
ing the large samples of 3y events mostly due to the decay
chains: ¢ — 1y with n — vy and ¢ — 7%y with 70 — .
The kinematic fit of the 3v events uses all the KLOE
calorimeter information, in particular the very good tim-
ing and position resolutions, resulting in a very good res-
olution on the invariant masses of any photon pair. From
the Dalitz plot shown in fig. 5 one can easily separate the
events due to the 1 from those due to the 7° and select a
region of the plot from which to obtain two very narrow
mass peaks, one for each meson. The preliminary results
are

Mo = (134.990 % 0.006 % 0.030) MeV, (9)
m,, = (547.822 + 0.005 + 0.069) MeV. (10)
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The statistical uncertainties are negligible, the system-
atic ones are mostly due to the knowledge of the effec-
tive center-of-mass energy and interaction region position.
The value of the 7° mass gives an absolute calibration of
the method. In fact it is in agreement with the more pre-
cise value reported by the Particle Data Group m o =
134.9766 & 0.0006 [13] within the systematic uncertainty.

The KLOE result on the n mass confirms the NA48
value and is in disagreement with the GEM value. At the
moment there is no explanation for this inconsistency be-
tween different kinds of measurements of the same quan-
tity.

4 Prospects for ete~ at Frascati

Here, the prospects of eTe™ physics at Frascati are briefly
discussed. More detailed information on accelerator devel-
opments and on experimental proposals can be found in
ref. [23].

The eTe™ program of the Frascati laboratory is well
defined for the next 2 years. The FINUDA run is now in
progress at DAFNE, aiming to collect an overall luminos-
ity 5 times the one collected up to now. The main goal of
the new FINUDA run is to confirm or disprove the evi-
dence for a deeply bound hypernuclear state obtained in
the first run [24]. After the FINUDA run there will be the
run of the SIDDHARTA experiment [25] aiming to study
the formation of exotic atoms with an improved version
of the DEAR experiment.

The laboratory has not yet taken any decision concern-
ing the program after these runs. However, the possibility
to continue the ete™ program of DAFNE with two main
improvements is strongly considered: an increase of lumi-
nosity at the ¢ peak up to ~ 10?3 cm 25! and an increase
of center-of-mass energy up to about 2.5 GeV.

Based on this accelerator improvement scheme, 3 ex-
perimental proposals have been submitted, briefly de-
scribed in the following:

— The KLOE2 proposal aims to continue the kaon and
n/n’ physics program at the ¢ peak, but also to take
data at center-of-mass energies up to 2.5 GeV in or-
der to perform a precision measurement of the multi-
hadronic and 7y cross-sections.

— The AMADEUS proposal aims to refine the study of
the deeply bound hypernuclear states using a large rate
of monochromatic charged kaons at the ¢ peak and
possibly exploiting a more general-purpose detector.

— The DANTE proposal wants to measure the time-like
baryon form factors, in particular neutron and proton,
by detecting the reactions et e™ — nm and eTe™ — pp
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possibly measuring the polarisations of the nucleons in
the final state.

A discussion of most of the physics items included in these
proposals can be found in ref. [26]
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