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ABSTRACT

The process of hard photon emission by initial electrons (positrons) at future B-
" factories is discussed. It is shown that studies of the bottomonium spectroscopy will
be feasible for the planned integrated luminosity of the B-factory experiments.

1 Introduction
'I Heavy-quark physics is one of the frontier areas in studies of the fundamental prop-
~ erties of matter. This is why a new generation of e*te~ colliders (B-factories) has
- been designed. The CLEO-III 1), BELLE 2), and BABAR 3) experiments are ex-
pected to begin in 1999. Their main goal is the precise investigation of the Cabibbo-
Kobayashi-Maskawa matrix and, first of all, CP-violation in the b-quark sector. To
~ achieve this goal, most of the time of future experiments will be spent on runs at the
energy of the Y(4S5) resonance. At the same time there are physical tasks related to
1 the spectroscopy of quarkonium systems which require scanning the energy region
- of T(15), T(25), T(35) 4). The main part of the bottomonium family has been
- Observed, their masses and main decay modes have been measured 5). The list of
- ®xperiments with the largest integrated luminosity is shown in Table 1.
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Table 1: The list of selected experiments with the largest integrated luminosity in
which the transitions between different bb states have been studied. The integrated
luminosity (L) and corresponding number of produced initial Y(25) or Y(3S) mesons
(N) are shown.

Process detector |[L,pb ][ N,10°
T(3S) = xs7 cLEO-II ©) [ 116 | 040
T(35) = x»y CUSB-II 7) | 288 | 0.99
T(35) = T(28)n%7°

T(35) = T(18)x%°
T(3S) » Y(2S)r*r— | CLEO-II 8 | 130 | 047
Y(3S) — T(25)xn°
T(3S) = T(1S)n*m™
T(3S) = T(18)n7°
T(2S) - Y(1S)w*r~ | CLEO-II 9) | 79 | 0.49
T(2S) = Y(18)n°x°

On the other hand, the accuracy of the measured parameters of the bot-
tomonium family is not very high which prevents precise comparison between the
data and different model predictions for the mass spectrum, decay rates, and dy-
namics of transitions. Moreover, some predicted states (7,(25), 7,(15), hs(1P)) have
not yet been observed. So, new experiments are necessary which will provide com-
plete information about all states below the open flavor threshold. Unfortunately,
scanning of the T(15), T(2S), T(3S) is not foreseen at asymmetric B-factory ex-
periments. Of course, it can be done in a traditional way by CLEO-III but that will
decrease the total integrated luminosity which is expected to be collected by CLEO-
III at T(4S). That is why we consider a possibility to perform Y-spectroscopy
studies at the T(45) energy.

The process ete~ — ~vh, where h is a hadronic system and v is a photon
emitted by the electron or the positron, is well known. Different possibilities of using
radiative photons are now under intensive discussions 10, 11, 12, 13)  Moreover
the experiment has been performed by H1 14) to measure the longitudinal structure
function Fp(z,Q?) at HERA using radiative events with the emission of a hard
photon collinear to the incident lepton beam.

In the present work the following reaction is studied:

; eV 45, 1)

where V is one of the vector resonances T(3S5), T(25), Y(15) etc. decaying to a final
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state f. Our main task is to show the practical feasibility of using such processes
for spectroscopy studies at B-factories in near future.

2 Calculation of the production cross sections

The differential cross section of the process (1) can be obtained in the first Born
approximation using the quasireal electron method 15, 16)
do(s,z) _2a (1-z+ ) sin? 4
dr dcos® 7T (sin? @ + 24 cos? )2

~oo(s(1 — x)), (2)

where s = 4E? E is the beam energy in the center of mass system of the electron
and the positron, m, is the mass of the electron, « is the fine structure constant,
z = E,/E is the fraction of the beam energy taken by the radiative photon with
the energy E,,  is the photon angle with respect to the beam (0 < 8 < ), oy(s) is
the cross section of hadronic production. Note that more complicated expressions,
which take into account the leading o® contributions, are well known 17, 18, 19)

The cross section of the narrow resonance production is given by the stan-
dard Breit-Wigner formula. So, if one performs integration over # and over z in (2),
the following cross section is obtained:

_ 12raB.lv 1+7% oY’

s
- T
my - 8 1_%1 me

ov(s) 1). (3)
where my, I'y, B, are the mass, the width, and the branching fraction of the
V — e*e~ decay respectively.

Assuming that the experiment is carried out at the Y(45) energy, the
production cross sections of vector mesons with quantum numbers JF¢ = 17~ can
be calculated using (3) and PDG values 5). The results are shown in Table 2.
Additionally, the numbers of produced events are presented which correspond to
the collected integrated luminosity of 10 fb7!.

3 Prospects for spectroscopy of bottomonium

Two types of events to study spectroscopy of bottomonium can be considered in
which background will be small. The first one can be called “tagged photon” events.
In these events a hard photon is emitted at a large angle with respect to the beam
axis and is recorded by the main calorimeter of the detector. Using high energy and
position resolution of the calorimeter for photons, the recoil energy for the hadronic
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Table 2: Cross sections of radiative production of JFC = 1=~ mesons at the Y(45)
energy (leading second order estimation is also indicated in the parentheses), the
total number of mesons produced in the experiment with the integrated luminosity of
10 fb71, and the number of lepton decays of these mesons.

Meson oy (nb) Newite 10 | Nogrirr 30° | Nopay=: 107
T(35) |0.038 (0.031) | 0.38 6.85 6.81
T(25) |0.016 (0.015) | 0.16 1.95 1.93
T(1S) |0.021 (0.019) | 021 5.21 5.16
$(2S) | 0.013 (0.014) | 0.13 113 0.44
J/(18) | 0.034 (0.036) | 0.34 20.3 0

¢ 0.024 (0.027) 0.24 0.07 0

W 0.014 (0.016) | 0.14 0.01 0

p 0.160 (0.182) | 1.56 0.07 0

system in the reaction (1) can be reconstructed. This will provide precise identifi-
cation of the produced bb state and a possibility to study all its decay modes. Using
the angular distribution of the emitted photon (2) one can obtain the probability for
the hard photon to be emitted with the polar angle 8im < 8 < Opmaz. The results
are shown in Table 3.

Table 3: The detection efficiency for the hard photon in calorimeters of the B-factory
detectors in case of T(1S5), T(2S), Y(3S) production.

Detector | Opin, degrees | 0., degrees | €, %
CLEO-III | 30.0 150.0 13.9
BELLE 18.3 163.7 19.9
BABAR | 26.5 156.3 15.9

The main part of hard photons is emitted along the beam axis. Thus, this
photon will not fire the detector calorimeter. In this case complete reconstruction
of the hadronic system in the reaction (1) is necessary. It was recently shown by
CLEO-II 9) that studying events with lepton and pion pairs in the final state allows
to have a practically clean sample of pion transitions between Y(2S) and Y(15)
resonances. The estimated numbers of events of such type in radiative production
at T(4S) are shown in Table 4.- One of the important tasks for the bottomonium
spectroscopy is to study radiative transitions. If the final T(25) and Y(15) decay
into a lepton pair, the signature of these reactions “two photons and lepton pair”
will allow background rejection. The estimated number of produced events with
gamma transition is shown in Table 5.
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Table 4: The estimated number of events of hadron transitions with two pions and

lepton pair in the final state for an ezperiment with the integrated luminosity of
10 b7l

[ Reaction N events |
Y(3S) - Y(2S)mm - Fl-mm 428
T(3S) - T(AS)mmr = Il 7n 1248
T(25) - Y(1S)nr = IHl~7am | 2268

Table 5: The estimated number events of radiative decays with two photons and
lepton pair for ezperiment with the integrated luminosity of 10 fb='.

Reaction N events |
T(3S) = xp2(2P)y = Y(2S)yy 164
T(3S8) = xu(2P)y = Y(2S)yy | 212
T(35) = x00(2P)y = Y(2S)vy 22
T(3S) = xp2(2P)y = T(1S)vy 183
T(35) = x01(2P)y = T(1S)yy 22
T(3S) = xw0(2P)y = T(1S 9
)
)
)

)77

T(2S) - xbg(lp v — T(].S) 122
T(25) = xu1(1P)y = T(1S)yy 192
T(25) = xw(1P)y = T(IS)’Y’Y 10

4 Conclusion

Estimations performed in this work have demonstrated feasibility of using a radiative
photon for studies of the bottomonium spectroscopy at B-factories. These processes
have to be taken into account as a possible background to different reactions which
will be studied in these experiments at the T(4S) energy. The number of estimated
events of T(2S5), T(3S) shown in Table 2 is smaller than one collected by a standard
method in CLEO-II experiments 6, 8, 9). If the integrated luminosity of about
100 fb=! will be collected, the number of events for spectroscopy studies with clean
signature will be higher than that collected now.

The same method can be considered to study decay modes of p and w
mesons at the DA®NE ¢-factory. If the integrated luminosity of about 300 pb~! will
be collected, the number of wy events will be 10° and py — 107,
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ABSTRACT

Recent results on charmonium resonances from experiments studying pp, e*e~ and
~7 collisions are reviewed.

FNAL-E835 reports new measurements of parameters of the ground state 7.(1'Sy),
7y partial width of 7. and x.2(13P,) and the first evidence of x.(1°Pg) direct for-
mation in pp annihilations.

New measurements of 7. and x., vy partial widths obtained in two-photon collisions
at high energy eTe™ colliders are reported by CESR and more recently LEP.

A new measurement of the x.o parameters studied in 1(25) decays by the Beijing
Spectrometer (BES) at BEPC is presented.

The results of these and older experiments are compared.

* G. Garzoglio, A. Hahn, W. Marsh, J. Peoples Jr., S. Pordes, J. Streets, S. Werkema (Fermi
National Accelerator Laborutory), M. Ambrogiani, W. Baldini, D. Bettoni, R. Calabrese, P. Dalpiaz,
E. Luppi, R. Mussa, M. Savrie, G. Stancari (INFN and University of Ferrara), A. Buzzo, M. Lo
Vetere, M. Macri, M. Marinelli, M. Pallavicini, C. Patrignani, E. Robutti, A. Santroni (INFN
and University of Genova), K. E. Gollwitzer, G. Lasio, M. Mandelkern, J. Schultz, M. Stancari,
G. Zioulas (University of California at Irvine), X. Fan, S. Jin, J. Kasper, P. Maas, T. Pedlar,
J. Rosen, K. K. Seth, A. Tomaradze ( Northwestern University), S. Argird, S. Bagnasco, G. Borre-
ani, R. Cester, F\ Marchetto, E. Menichetti, M.M. Obertino, N. Pastrone, P. Rumerio (INFN and
University of Torino)
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Figure 3: Invariant masses for all 7*m~m° combinations and for the best combination
giving the n mass.

signal with a signal/noise ratio greater than 70 is obtained. The expected 10,000
events of this kind translate to a BR determination with 2.1% statistical error.

4 Conclusions

KLOE is expected to collect 100 pb~! during its first 1999 run. One of the first
analysis items will be the study of ® — f,7, ® — q,7 radiative decays. The
analysis of montecarlo events obtained with a realistic detector simulation and a full
event reconstruction indicates a sensitivity of ~ 1+ 2% on the branching ratios.
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ABSTRACT
Abstract

Recent results of the study of ete~ annihilation into hadrons by the CMD-

- 2 collaboration at VEPP-2M are presented for the c.m. energy range from 0.61

to 1.39 GeV. New measurements of p, w and ¢-mesons parameters are reported.

~ Also discussed are the cross sections and production mechanisms for the multipion

production in the non-resonant energy ranges.

~ Introduction

Investigation of e*e~ annihilation into hadrons at low energies has a long history,

- but despite thirty years of experimental studies, we are still rather far from the
- complete understanding of the field. One needs more precise measurements of the
. p-, w- and ¢-meson parameters as well as of the properties of the continuum which

‘will provide unique information about interactions of light quarks and spectroscopy
of their bound states.

These physical tasks became the goal of the general-purpose detector CMD-
2 1) which has been running at the VEPP-2M e*e™ collider 2) in Novosibirsk from
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1993 studying the c.m. energy range from threshold of hadron production to 1.4
GeV. In Table 1 all runs performed till 1999 are listed. The results of the analysis,

Table 1: CMD-2 data taking information. Arrows show the direction of the beam

energy variation during scanning

Legend Date C.m. energy, Run Wiggler | [ Ldt
GeV numbers pb~!
PHI-93 16/02/93+16/07/93 | 0.994<31.040 | 2100 - 2750 |  Yes 1.43
PHI-94/1 | 24/01/94+01/02/94 | 1.019—0.980 | 3001 - 3040 No 0.05
RHOM-94 | 01/02/94+26/02/94 | 0.970—0.810 | 3041 - 3165 No 0.15
PHI-94/2 | 13/11/94+26/11/94 | 1.018+>1.024 | 4038 - 4106 No 0.16
RHOM-95 | 30/11/94+06/06/95 | 0.810—0.600 | 4107 - 4541 No 0.16
PHI-96 12/04/96<14/07/96 | 0.984431.034 | 4545 - 5150 No 2.18
LOW-96 | 20/09/96+26/10/96 | 0.512—0.370 | 5749 - 5961 No 0.10
HIGH-97 | 29/01/97+16/06/97 | 1.04031.370 | 6115 - 7030 No 5.93
PHI-98 10/10/97+23/03/98 | 0.984+31.060 | 7097 - 8427 Yes 11.93
RHOM-98 | 24/03/98+30/06/98 | 0.970—0.360 | 8428 - 9345 | Yes 3.50
HIGH-99 09/01/99+ 1.080— 9402 - Yes

based on the part of avalable data are published in papers 3, 4,56, 7)

In total, in experiments with CMD-2 the integrated luminosity of 25 pb~!
has been collected so far. Several dedicated runs around the ¢-meson have been
performed with the total integrated luminosity of 15.8 pb™! or about 2.1x107¢-
meson decays. The bulk of data includes also 3-10° multihadron events and 2.1-10°
mrm~ events. More details can be found in recently published papers 8,9, 10) A
short description of most interesting results is presented in this paper.

Measurements of p,w and ¢-meson parameters

The analysis of the efe™ — 777~ reaction from the RHOM-95 run (10% of data)
is completed while other data is still under analysis. The data sample was collected
at 43 energy points with the center-of-mass energies from 610 till 960 MeV. The
beam energy was measured with the help of the resonance depolarization technique
at almost all energy points. The pion form factor, obtained in RHOM-95 data
analysis, is presented in Fig. 1. The systematic error for these data is about 1.4%,
coming mainly from the uncertainty of the theoretical calculations for the radia-
tive corrections. The obtained p-meson parameters based on the Gounaris-Sakurai

parametrization are presented in Table 3. Details about the RHOM-95 data anal-
ysis can be found in 9).
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Figure 1: Pion form factor, obtained
in RHOM-95 data analysis.

Figure 2: ¢-meson excitation curve

During RHOM-95 run the w-meson excitation curve has been measured
with a total integrated luminosity of 150 nb~!. The w-meson parameters were mea-
sured by w — 77~ 7® decay mode. The obtained w-meson parameters are listed in
Table 3.

The process efe™ = ¢ — KVK2, K2 — mtn~ was used to measure the
¢-meson parameters. The data sample collected during the PHI-94/1, PHI-94/2
and PHI-96 runs in the c.m. energy range 984 — 1040 MeV (3.4x10® ¢-mesons)
corresponds to the integrated luminosity of 2.37 pb~!. 2.97 x 10° of K} K2 events
have been selected. For 1994 data the beam energy at each point was measured
by the resonance depolarization method 12), For data collected in 1996 the beam
energy was determined with the help of charged kaon momenta and by the collider
magnetic field analysis 10),

The obtained cross section for the process ete™ — K} K2 is presented in
Figs. 2. The obtained ¢-meson parameters are listed in Table 2. The ¢ resonance

was also studied in 777~ 7° and 7y modes with 7 decay into 77~ 7 and 7%7%x°.

Study of ¢ — 7t7~ and ¢ = putpu~ decays

The ¢ signal is seen as interference pattern in the ete™ — 7*7~ and ete™ — ptu~
cross sections and is described by the complex amplitude Z 10), The data with the
integrated luminosity 1.8 pb~! collected in 1996 were analysed. The visible cross
sections vs energy for pions and muons are presented in Fig. 3.

The direct amplitude of ¢ decay into two pions can be extracted from the
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Figure 3: a,b. Visible cross sections. Figure 4: The photon spectra for

c. Ratio of number of pions to number 7t r ™y events in the "¢” region.

of muons vs energy.

ratio of the number of pions to that of muons. This ratio is shown in Fig. 3c. The
signal is seen at the 2o level in the imaginary part of Z: Re(Z) = 0.002+0.010+0.003,
Im(Z) = 0.0224 £ 0.0107 + 0.0030. The last result can be presented as upper limit

at 90% C.L.(see Table 2).
¢ — 7w~ channel

The data with the integrated luminosity 14.8 pb~! corresponding to about 20 mil-
lions of ¢ decays were used for this analysis. The events with two charged particles
and one photon were selected.

The observed events are dominated by bremsstrahlung processes and the
signal from ¢ — 7*7~y decay was searched for as an interference pattern in the
energy dependence cross section as well as in the photon spectra of the selected events
(Fig. 4) around the ¢ peak. The photon spectra analysis indicates the increasing of
events over bremsstrahlung spectra in (40-50) MeV region. The ”visible” branching
ratios and relative phase have been obtained and are presented in Table 2.

¢ — w°x%y channel

The decay ¢ — foy with fo — 7% has no bremsstrahlung background and can
help to determine the f, structure.

Events with 5 photons detected both in the CsI and BGO calorimeter with
no charged particles were selected and were subject of a constrained fit. 268 + 27
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of ¢ — w07% events have been found. Figure 5a presents the differential cross
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Figure 5: a. Differential cross section vs invariant mass. The line is the theoret-
ical prediction for f; production for the 3.1 x 10~* branching ratio; b. Angular
distribution for signal events and background. Line is dN/df, = (1 + cos*(6,))

section vs invariant mass. The angular distribution conforms the presence of scalar
resonance (Fig.5b)

The experimental ratio of ”visible” branching with charged pions to that
with neutrals was found to be 0.26+0.08 instead of two. The model suggested in
13) describes these two channels assuming the strong destructive interference in the
charged mode. The combined fit for both channels gives the following f, parameters,
coupling constants and branching ratio:
my, = 975+4 MeV/c?, gk i /4m = (1.64+£0.37) GeV?, g2, /47 = (0.44£0.06) GeV?,
Br(¢ — foy) = (3.11 £ 0.23) - 10~* and relative phase (1.42 + 0.18) radians.

The obtained coupling constants support hypothetis about four quark fp
structure. In this interpretation the f, final state dominates. The admixture of
other resonances can reduce the fy component, but it cannot be lower than about
1.5-107%.

Observation of ¢ — nn®y decay

This channel was searched for in the 5 photon mode with n decays into two photons.
The constrained ﬁt‘ﬁnding one best combination of photon pairs with 7° mass and
pion momentum less than 350 MeV/c was performed. The invariant masses of
coupled combinations of the two remaining most energetic two photons were studied.
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At the broad background distribution from three pion 7 decays the peak with 80+22
events and m, = (545 +4) MeV was seen. The branching ratio is shown in Table 2.
The invariant mass distribution shows the increase of the number of events to higher
masses supporting the hypothesis about the ay(980) intermediate state.

ete - wta~ntn~ below ¢-meson

For analysis of the process e*e™ — #77 777~ in the c.m. energy range 600-1060
MeV the data samples collected in PHI-98 and RHOM-98 experiments were used.
The obtained cross section is shown in Fig. 6.
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Figure 6: Cross section of the process
ete” = ntn~nt7~ below ¢-meson

Figure 7: Cross section of the process
ete” = ntr~nt7~ near ¢-meson

In the energy range Ejepm = 365-405 MeV (around the maximum of p-
meson) Ny = 3 events were selected. The number of expected background events
was estimated to be ~ 1.

The behaviour of the cross section near the ¢-meson is shown in more detail
in Fig. 7. The'¢ contribution is seen. The obtained branching ratios can be found
in Tables 3,2.

ete™ — 47 above ¢-meson

The process of 47 production is one of the dominant in the total cross section of
e*e” annihilation into hadrons in the energy range above ¢. Our analysis is based
on the data sample corresponding to the integrated luminosity of 5.8 pb~! collected
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in HIGH-97. To describe four pion production we used a simple model assuming
quasitwoparticle intermediate states taking into account identical final pions (see

15)) and the interference of all possible amplitudes.

M, (n'T) M, (m'T)

0

recoil Figure 9: Distributions over M, +0,
Mrecoit(7%), My+r- and Mjomo for
7tr~ 270 in class 2.

Figure 8: Distribution over m
mass for nt7~ 270

Figure. 8 shows the distribution over M, cou(7°) at the energy Epeam =
690 MeV with signal from the process wn®.. The histogram shows MC simulation.

Fot the next analysis all wr® events were subtracted. The distributions for
the remaining events are shown in Figs. 9. A clear signal of p* is observed while
there is no signal of the p°. Thus, one can assume that these events originate from
a heavy isospin 1 resonance. The best candidate for this intermediate state was
found to be a;(1260). Details including cross section vs. energy measurement can
be found in paper 8).

Conclusions

The two tables below summarize our results. Table 2 gives the results on the ¢-
meson study.. Of special importance is the confirmation by two independent methods
of our first measurement of the rare decay mode ¢ — 7'y which makes complete a
list of the magnetic dipole transitions between vector and pseudoscalar mesons and
is a milestone for the theory of radiative decays. Our results on the electric dipole
transitions confirm earlier observations by SND of the decay modes ¢ — w%7%y and
® — nm%y and add information about ¢ — 7+7 ™ decay.
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Table 2:
CMD-2 Data PDG’98
mg, MeV 1019.470 +£0.013 £ 0.018  1019.413 + 0.008
Ty, MeV 4.51 +0.04 £ 0.02 4.43+0.05
Br(¢ - K*K™) (491+1.2)% (49.1+0.8)%
Br(¢ — KL K5s) (33.5+1.0)% (34.1+0.6)%
Br(¢ — 3m) (145+09+0.3)% (15.5+0.7)%

(1.24 £ 0.02+0.06)%
(1.18 £ 0.03 £ 0.06)%
(2.87+0.09) - 1074

(1.26 + 0.06)%
(1.26 £ 0.06)%
(2.99 4+ 0.08) - 10~*

04w (162 £ 17)°
Br(¢ = 'y, = nta—yy) (1.353332 4+ 0.2) - 104 (1320 0=
Br(¢ — 1'7) (0.58 £0.18 £ 0.15)-10~*  (1.2%7) .10

7 o rtaatrxl
7ot rtrTy

Br(¢ — ne*e™,n— v7)

Br(¢ — nete,n — ntr =Y

(1.124£0.174+0.17) - 1074
(1.00 £ 0.18) - 10~*

(1,3408) .10
(1.3798) - 10~

Br(¢ = ntn7) (0.28 +0.08 £ 0.03) - 1074 <3-107°
Br(¢ — 7°1%) (1.08 £0.17 £ 0.09) - 104 <1-1073
Br(¢ — nn%y) (0.90 £ 0.24 £0.10) - 10~* £2H-102
Br(¢ — m%e*e”) (1.29 +£0.29 £ 0.19) - 10~° <1230
Br(¢ — utu~v) (1.15+£0.36 £0.11) - 107°  (2.3+1.0)-107°
Br(¢ — py) <3-107* & P10
Br(¢ — pyy) <5-107* no data
Br(¢ = nrtn) <3104 no data
Br(¢ — utu) (3.54£0.32+£0.37)-10*  (2.5+0.4)-10*
Br(¢ — wtn™) (2.20 £0.25 £0.20)- 10 (0.8%33)-107*
Br(¢ = 711 )asrect <0.13-10~* no data
Br(¢ - ntnntnT) (0.77 +£0.21 £ 0.20) - 1075 <87-107*

Table 3 presents our results on the p- and w-meson study. Also listed in
Table 3 are results obtained in the ¢-meson energy range using the tagged kaons
and n-mesons. This is a good demonstration of the high potential of ¢-factories for
high precision studies of the kaon and 7-meson properties. Finally, we present the
cross section of the kaon regeneration and total inelastic cross section obtained for
the first time at a very small momentum of 110 MeV /c, also relevant to CP studies
at the ¢-factories.

This work is supported in part by the grants: RFBR-98-02-1785, INTAS
96-0624.
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Table 3:
CMD-2 Data PDG’98

my,, MeV 782.65+0.09 £ 0.10 781.94 £0.12
I',, MeV 8.824+0.18+0.20 8.41 +£0.09
e, keV 0.63 £ 0.01 £ 0.02 0.60 + 0.02
Br(w— 7t7r7) (1.3+£0.3)% (2.21 +0.30)%
m,, MeV 775.28 £ 0.61 +0.20 776.0 £ 0.9

Iy, MeV 147.7 £ 1.29 £ 0.40 150.5 1.1
[Cee, keV 6.93 +£0.11 £0.10 6.77 £ 0.32
Br(p—ete™) (4.67 £ 0.15) - 107° (4.49+£0.22) - 1075
Br(p— ntrntr™) <2107 <2-107*

Br(Ks — mev) (7.19+1.35) - 107* (6.70 £ 0.07) - 1074,
recalculation from K
(21.16 £ 0.14)%
(4.82 +0.06)%
(49+1.1)-1073

(13%%) -107*

Br(K* — ntn9%)
Br(K* — n%*v)
Br(n — ete )
Br(n — ntn~ete)

(21.69 + 0.48 + 1.03)%
(4.89+0.17+ .17)%
(7.56 +0.92 + 1.13) - 10-3
(3.5+2.0)- 10~

Br(n — 7 n7) <3-107* <9-107*
Br(n — %) <5-107* no data
Oreg(Be, 110 MeV/c) (55.1£5.9+5.0) mb no data
o0t (Be, 110 MeV/c) (580 £ 72 £ 174) mb no data
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ABSTRACT

The results of experiments with Spherical Neutral Detector (SND) at. VEPP-2M
ete™ collider in the energy range 2E; = (0.98 — 1.38) GeV are presented. The
results are based on analysis of the data with the integrated luminosity 18.6 pb~'.

1 Detector and Experiments

The SND detector 1> 2) was designed for experiments at the VEPP-2M e*e™ collider
in Novosibirsk. The main part of SND is an electromagnetic calorimeter built of 1632
Nal(T1) crystals. The calorimeter energy resolution for photons can be approximated
as op(E)/E = 4.2%/E(GeV)"*, an angular resolution is approximately equal to
09, = 1.5°. The calorimeter and the event reconstruction program allow to detect
photons with the energies above 20 MeV with a solid angle coverage 90% of 47. In
this work we present the results of the following SND experiments:

e PHI96 3): 7 scans of the energy region 985-1040 MeV were performed, inte-
grated luminosity is 4.3 pb~!, corresponding to 8.2 - 10° ¢ decays.

e MHADO97 4): the data collected in the energy region 1040-1380 MeV with
the integrated luminosity 6.3 pb~'.
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o PHIO8 9): 2 scans of the energy region 985-1050 MeV were performed with
the integrated luminosity 8.0 pb~!, corresponding to 12.2 - 10° ¢ decays.

2 Decays ¢ — ny. 7m0y

In the analysis of the PHI9 experiment two radiative decays ¢ — 1y and ¢ — 7%
were studied in 3-gamma final state in the processes ete™ — 7y, 7% — vy7y. The
main background comes from QED processes ete™ — ~7,vyy. The analysis of
the data is based on the kinematic fit of the events employing the 4-momentum
conservation. The obtained cross sections of processes ete~ — 1y, 7%y (Fig.1) were
fitted in the framework of the vector dominance model (VDM). Phases of vector
mesons were @, = ¢, = 0, @y = 7 for 77y decay, g, = (158 £ 11)° for the 7%y decay.
As the results of the fit the following values were obtained:

B(¢ — 1)
B(¢ — 1)

Il

(1.338 + 0.012 + 0.052)%, (1)
(1.226 + 0.03615:0%5) . 1073, (2)

where systematic errors include uncertainties in the integrated luminosity (2.5%), in
the detection efficiency (2%), and in the values B(¢ — e*e™) (3%) and B(n — v7)
(1%). The decay ¢ — 71y was studied 7) also in the final state n — 37°. The
standard SND cuts 3) for the energy-momentum balance were applied to the events
with 6 to 8 photons. The spectra of the recoil mass of the most energetic photon
(Fig.2) demonstrates that the background from the process ¢ — K¢K, is small. So,
event sample is clean and the following result was obtained:

B(¢ — ny) = (1.296 £ 0.024 % 0.057)%. (3)
3 Decay ¢ — nty

The first observation of the ¢ — 7ty decay was done at VEPP-2M in the CMD-2
experiment 8). The measurement of this decay by SND was performed using the
decay mode 7/ — wtn~n — 777~ yy. The main problem of this measurement is
large cross sections of the background processes ete™ — ny — 7tr 70y, ete™ —
ntr~ 70 and ete” — wr® — 77 7%% For the analysis the events with two
charged tracks and three photons were studied. To suppress the background a

complex selection algorithm was developed 9). That allowed to obtain the decay
rate

B(¢ — nry) = (6.7134) - 1075 (4)
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Figure 1: Visible cross section for ny and Figure 3: The measured 7°7° invariant
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Figure 4: The measured nm° invariant
mass spectrum for the ¢ — nm’y decay.
Points — data, solid line — the result of
the fit.

Figure 2: The recoil mass of the most en-
ergetic photon in an event in study of the
¢ — ny — 37y ‘decay. Points - data,
histogram - simulation.
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4 Decay ¢ — 7%, nrly

First indications 10) of the decay ¢ — 7%7%, 7% were seen by SND in 1997 on the
base of half statistic of PHI96. After completing the analysis of PHI96 experiment
the results were published in 11 12) 1 1998 CMD-2 13) confirmed the existence
of both decays. These rare decays are seen after strong suppression of background
processes ¢ — 7y — 37’y and eTe~ — wr® — 7%7% using full information from
the SND calorimeter. As a result the branching ratios were obtained

B(¢ — n°n’y)
B(¢ — nr’y)

where the systematic errors are determined mainly by the background subtraction
(5%) and the detection efficiency estimation (8%). For the decay ¢ — 7°7%y the
enhancement at large m,, (Fig.3) is compatible only with the large fyy contri-
bution. The result (5) is not based on model assumptions about a f, structure.
Assuming that the process is fully determined by f,y one can obtain from (5)
B(é — £o(980)y) = (3.42 + 0.30 + 0.36) - 10~*. But it is well known 14) that the
intermediate state oy may also give a contribution. In that case the mass spectrum
can be described by the following expression:

dBr(¢ = n°n°y) _ 2m2,T(¢ — foy)['(fo — 7°79)

dmg. = mly

(1.14 £ 0.10 £ 0:12) - 167, (5)
(0.83+£0.23+0.12) - 1074, (6)

1 A, - ei%e 2

Dyime) * Dolme)| 7
where A, = gorrx 040/ 97xx9s~ takes into account contribution from o-meson, D (m) =
m2:—m?—i- mI'z(m) is a scalar meson propagator. Because the decay mode
fo = KK is negligible, the relation I';(m) = 3T'(f, — 7°7°) is used in the f, prop-
agator. The o-meson parameters were fixed according to Ref. 14) m, = 1 GeV,
[; = 800 MeV, ¢, = 0. The width of decay of the scalar meson can be written

as I'(fo = 7°7°) = g7 .. /327myr - /1 — 4m2,/m2_. In the “narrow resonance”

approximation 15) the width I'(¢ — f;) depends on the coupling constant Gofy- In
the “broad resonance” fit the model 16) was used. In this case the width ['(¢ — fo7)
depends on the product g4k - gricx. The results of the fit are presented in Table 1.
Comparison of the results of the fits shows strong model dependence of fo-meson
parameters. Of course, the “broad resonance” parameterization looks more realistic.
In this case the value of the coupling constants obtained from the fit agrees with the
predictions of 4-quark MIT-bag model 16, 17)

More complicated situation is in the analysis of the ¢ — nm%y decay,
because the statistics here is lower and background is larger. In the PHI96 experi-
ment 12) the effect is seen on level of 30 only and the spectrum of invariant masses

492

V.N. Ivanchenko

m,, does not give evidence for any intermediate state in the decay. The analysis of
PHIO8 was improved in such a way that detection efficiency does not vanish for the
highest part of the m,, spectrum (Fig.4). It is the first evidence for the ag(980)y
intermediate state, that gives new argument for 4-quark nature of the light scalars
i i i del 16) and as a result
fo and ag. Fit of this spectrum was performed using the mode oo
the parameters were obtained mg, = (985 + 7)MeV and 92 k+x-/4m = (0.672g14).

The preliminary value B(¢ — nr°y) = (0.89 £ 0.18) - 10~* coincides with (6).

Table 1: The results of the fit of two pion mass spectrum for the ¢ — momy decay
for different models.

2z ‘,nr g.l

Model M f,MeV FI,MeV g%r-'i,cev"' 2{‘“— ,Gev? ;%% A
Narrow 084+ 12[74+12]- 0.20 £ 0.03 | - 0 e

o682 613 |- 016230 |- 18444
| 7 3 +0.08 0.6707
Narrow/Wide | 9877] 98t% |- . 0'27:8"1’2 - B
Wide 970+ 6 | 188%%5 | 2.1310%2 | 051755 |4.1+0910
pPDG9s 6) | 980410 | 40-100

5 Rare Decays of ¢(1020)

As a rule, rare ¢ decay reveals itself not as resonance in the cross section but as an
interference pattern in the energy dependence of the Born cross section

o(s) = ap(s) - [1 = Z-myTs/Ds(s)* (8)

where op(s) is the nonresonance cross section, 7 is the interference amplitude (:{.)n—
nected with ¢ decay. In SND experiments two reactions of such type were studied
in the energy region around ¢-meson peak: ete” — p*p~ and ete” — wn®. T}%e
measurement of the decay ¢ — p*u~ rate is the direct measurement of the leptonic
width of ¢, based on y — e universality. Alternative measurements of the branching
ratio B(¢ —.e*e”) at ete” colliders are performed through summation of cross
sections over all ¢ decay channels 18) ' The main sources of background to putp”
events are the cosmic muons, Bhabha scattering, and 777~ events. To suppress the
background a procedure of e/ () separation was developed. Time of flight .infor-
mation as well as a track position with respect to the beam are used for rejectlou1 g)f
cosmic muons. After background subtraction and applying radiative corrections

the cross section of the process ete™ — pu*u~ was found (Fig.5). It was fitted and,
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as a result, the following value was obtained:

VB(6 - ete")B(¢ — ptu~) = (3.14£0.22 £0.14) - 1074, 9) ; i
E

The ¢ — wn® decay was discovered in the PIII96 experiment 20) This decay is o110 : ; : s
OZI and G-parity violating, so the predicted branching fraction of this decay is g-m il 4
about 5-107%. It varies 21) within the wide limits depending on the nature of 3‘, | m\ |
p, w and ¢-meson mixing and decays. The search was performed in the reaction E i “ 1 T l ’
ete” = wr® — 77 7%%" Event selection is based on various kinematic fits, E, rol ) 2
taking into account intermediate state of the process and probability of observation ” e j
of fake photons in the calorimeter. In the analysis the dE/dz information from the 6 : ; : : :
SND drift chambers was used also. The obtained cross section (Fig.6) demonstrates Jéa e m‘ﬁ—*—-‘—‘,—b‘m e ',5}-5-'-‘-‘-‘-“-‘% 0 77 14 16 2&: S(Gevf
a significant signal of the ¢ decay. The nonresonance cross section is in agreement
with ND data 22). In studying the interference pattern in the cross section energy Figure 5: The Born cross section of the Figure 7: The Born cross section of the
dependence both real and imaginary parts of the decay amplitude were obtained process ete” — p*p~. Points - data, process ete” — mrnw—n°. Points - data,

(Tabl.2). In the Table the preliminary results of the analysis of PHI98 are shown line ~ the result of the fit.

which are in agreement with PHI96 data. The obtained values of Re(Z) in both
experiments support the “weak” ¢ — w mixing model 21),

Table 2: The results of the fit of the cross section of the process ete™ — wm®.

| Experiment | Re(Z) Im(Z) | Br(¢ — wn®) - 10° | 1ef
PHI9% 0.104 £ 0.028 + 0.006 | —0.118 £ 0.030 £ 0.009 | 4.87]7 £0.8 14k
PHI98 0.125 4 0.015 + 0.006 | —0.108 £ 0.019 + 0.009 | - 125

—
T

6 Search for CP-violation in K5 Decays

Visible cross-section (nb)

The new search for the CP-violating decay mode Ks — 37° has been performed i 0.6f
in both PHI96 and PHI98 data. For that only neutral events with six or seven :
detected photons were studied. As a result the new upper limit was established
B(Ks — 37°) < 1.4-1073, (90% CL), which is the best at the moment 6).

kbl i e g e o il gy
980 1000 1020 1040 1060
E(MeV)

Figure 6: The Born cross section of the
process eTe~ — wn®. Points - data, line
— the result of the fit.

7 Cross Sections of Hadron Production

The main goal of the MHAD97 experiment 1) was a thorough measurement of
different hadronic production cross sections, which can facilitate more precise tests
of theoretical models, studying dynamics of hadron production, check if there are
sizeable contribution from radial excitations p’, w’, ¢, and determine the contribution
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solid line — the result of the fit with four
resonances, dashed line — the contribu-
tion of w and ¢.
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Figure 8: The Born cross section of the
process ete” — KgKp. Points - data,
solid line — the result of the fit with three
resonances p, w, and ¢, dashed line -
only ¢ contribution.
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of this energy region into the QCD sum rule integrals. Measured cross sections of
the process ete” — w77t~ are in agreement with all previous experiments 22)
and with the new CMD-2 data 23). On the contrary, preliminary SND data for the
cross section e*e~ — mtr~7%7% are lower than the results of ND 22). On the other
hand, this new measurement is in agreement with the data at higher energies 24),

The measured cross section of the process ete™ — 77~ 7" is in agreement
with the ND data 22), but statistical accuracy is several times better. The level
of this cross section above ¢ is hy the order of magnitude higher than the VDM
prediction based on w and ¢ contributions only. These data (Fig.7) indicate existence
of the resonance w(1200) and do not confirm any signal of w(1420) 6). Combining
the SND data with the measurements of ND 22), CMD-2 25), and DM2 26), the
fit on the cross section of the process ete™ — 77~ 7% was performed taking into
account contributions of w, ¢, w(1200), and w(1600). The mass and the width of
the w(1600) were fixed from the DM2 data 26) on the reaction e*e~ — wrtr. The
relative phases of resonances was fixed to be 0, 7, m, 0, respectively. As a result of
the fit the following parameters of w(1200) were obtained: m,, = (1170 & 8) MeV’,
I, = (187 £ 14) MeV with the x?/np = 154/154, and with the systematic errors
estimated to be 50 MeV/.

The cross section of the process ete™ — KK, was measured also (Fig.8).
It was shown that the contributions of p, w, and ¢ mesons describe this cross section
well. Possible signal of higher states is not seen. The search was performed of
the direct tensor meson production ete™ — f(1270) — 7°7°. After applying
standard SND cuts no events were found and a new upper limit was established
B(f: »ete™) <6-1071°, (90% CL).
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ABSTRACT

The summary of the Vector Mesons Session of the Workshop is presented. The
radiative decays of light vector mesons and the spectrum of vector mesons are dis-
cussed.

1 Introduction

The physics of vector mesons has many years of history and so many aspects that
it is not possible to represent all topics not only in one session but in the whole
workshop. It is why we are tryving to limit the subject of the discussion and con-
centrate our attention mainly on new results obtained in the energy region below
1.8 GeV'. In this energy area several methods are intensively used, which provide
effective vector mesons production and studying: e*e~ collisions, photoproduction,
diffractive production, and 7-lepton decays.

The progress in the experiment to study low energy meson spectroscopy in
last years was great. It is why experimental talks dominate in the session: S. Gio-
vannella (Frascati, KLOE) 1), E. Solodov (Novosibirsk, CMD-2) 2), V. Ivanchenko
(Novosibirsk, SND) 3), T. Handler (Tennessee, E687 and FOCUS) 4), A. Bruni
(Bologna, H1 and ZEUS) ), R. McNulty (Liverpool, DELPHI) 6), and I. Kravchenko
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(Cornell, CLEO) 7). Progress in theory of vector mesons is much slower, and the
only one theoretical presentation of M. Napsuciale (Guanajuato) 8) has been done.

2 Experimental Facilities

For more than 25 years the experiments are carried out at the e*e~ collider VEPP-
2M in Novosibirsk 9 10). The energy region of VEPP-2M is 2E, = (0.4—1.4) GeV.
At the moment two detectors are in operation: CMD-2 11, 12) and SND 13, 14, 15).
The total integrated luminosity collected by each detector is about 28 pb~!, which
corresponds to 2 - 107 ¢-mesons produced, 10% w-mesons, and 2 - 10% p-mesons. The
main goals of these experiments are precise measurement of the hadron production
cross sections and the spectroscopy of light mesons.

From the 1999 ¢-factory DA®NE 16) is in operation in Frascati. The
KLOE detector 17) is designed for studying ~ CP-violation in the KK, system. At
the same time, KLOE provides outstanding possibility for studies of spectroscopy of
light mesons. Planned integrated luminosity for the first experimental run 200 pb~?
is higher by the order of magnitude than that collected by SND and CMD-2.

The alternative method of studying  the spectroscopy in the 1 GeV’
energy region is photoproduction. In FNAL the FOCUS detector 18) is in operation
on the 200 GeV” photon beam derived from bremmstrahlung of secondary electrons
of the Tevatron proton beam. The experiment is designed for photoproduction of
the charm but, at the same time, the facility provides production of vector states
below the charm threshold, including p-meson. In the previous E687 experiment
~ 3-10° 77~ events were collected 4), in the FOCUS experiment the collected
statistics is by the order of magnitude higher. In the Jefferson Laboratory the
detector RADPHI 19) s designed for ¢-meson photoproduction by 4 GeV tagged
photon beam to study rare radiative ¢( 1020) decay modes. The strong competition
between the photoproduction experiments and the e*e~ experiments is foreseen in
near future.

Vector mesons can be produced by the week charged current in hadronic
decays of T-lepton. The greatest sample of reconstructed 7 events (~ 4-10° is
available for analysis in the CLEO-II experiment 20), which is carried out at the
b-factory CESR in Cornell University. Experiments at LEP were performed for
several years in the peak of Z-boson and high statistics of hadronic decays of the
7-lepton is studied by all LEP detectors 21),

The problems of diffractive photoproduction of vector mesons have been
investigated at HERA in positron/electron collisions with protons in the reactions
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ep — epV and ep — eV X. The wide scales of kinematic variables of virtual photons
(y*) are available, the center of mass energy of v*p system varies in the range
(20 — 240) GeV. Two great detectors H1 22) and ZEUS 23) are in operation.

3 Radiative Decays of ¢(1020)

The studies of the radiative decays of light vector mesons (p, w, ¢) play an important
role in understanding  the electromagnetic structure of gg-states and low-energy
behavior of the strong interaction 24, 25, 26, 27) Until now the e*e~ experiments
provide the best accuracy of the measurements of the radiative decays of neutral
vector mesons. In the recent SND and CMD-2 experiments the new radiative decays
of ¢(1020) are observed (Table 1).

New measurements 12+ 28 29) of the most probable radiative decays ¢ —
7y, 7 have been performed using the neutral decay modes of  and 7°. The results
are in agreement with PDG tables 30) and with previous measurements 31) . In the
SND experiment the statistical accuracy about (1—2) % is achieved but systematic
uncertainty is estimated at level of (5 — 8) %. Partly the systematic is connected
with the detector imperfectness, for example, with the luminosity measurement
(2.5 % for SND). Such type of systematics may be decreased by improving the
performance of the analysis procedure. But there are two sources of the systematics
which are common for all ete™ experiments: the uncertainty in the branching ratio
B(¢ — ete™) (3 %) and uncertainty in the interference amplitude in the ¢-meson
energy region (2 — 6 %). The last systematic error will be decreased if the accuracy
of the cross sections measurements in the energy region outside ¢ will be higher.
The leptonic width of ¢ is determined by the two methods:

e direct measurement of the decay ¢ — p*p~ and using the si/e universality;

e the measurement of the total cross section in the ¢-meson maximum via the
sum of cross sections of the main ¢-meson decay modes.

Increasing the accuracy for both the value of B(¢ — eTe™) and the nonresonant
cross sections measurements is very necessary to achieve 1-% uncertainty in the
measurement of ¢-meson decays.

The decay ¢ — nlvy is a long-searched process expected by many authors to
clarify the question about the gluonium (or c¢) content of n/. The first measurement
of CMD-2 32).is confirmed now by SND 33). .Recent CMD-2 results 12) were
obtained with the use of two 7/ decay modes. The new values of the branching ratio
are two times lower than the result of the first observation and are in agreement
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with the expectations based on quark model 24: 34) or on SU(3) symmetry 27),
Possible gluonium content in 7/ is small. KLOE experiment has a good perspective
to improve the accuracy.

In the SND experiment 39 36) the decay modes ¢ — 7°7%y and ¢ — 70y
were discovered and later the results were confirmed by CMD-2 12) Iy the invariant
mass of 7%7° the signal of fy(980) meson dominates. The first evidence of the ay(980)
signal in the spectrum of 7% was reported at this workshop 3). Note, that statistics
is poor in this first observation and there is an evidence of other contributions to
the spectrum. KLOE 1) will have highe.r precision both decay modes and
has a possibility to study in details the decay ¢ — 77~ ~. The CMD-2 2) data for
the last decay are in agreement with the results on the decay ¢ — 7970 only under
assumption of the destructive interference between two main amplitudes, which
contribute to the process ¢ — ntr .

Table 1: The data on radiative decays of ¢(1020).

| Decay | sND 3) CMD-2 2) PDG'98
¢ — iy (1.234+0.10)- 1073 [ - (1.31 £ 0.13)10
¢ —ny,n— 3" | (1.296£0.062) % | (1.240+ 0.063) % | (1.26 £ 0.06) %
n— 2y (1.338 £0.053) % | -
n—=ata a0 |- (1.18 £0.07) %
®— 'y (Bi.)1077 (B35 o) -1 (12%])-10-°
- (5.8+23)-10% |-
¢ =ty - (0.28+0.09)-10~ [ < 3-107°
¢ — monly (1.14+0.16) - 10~* | (1.08 £0.19) - 10~* [ < 10°3
b — nmdy (0.83+0.26)-107* [ (0.90 £0.26) - 10 ¥ | < 2.5-10"3
(0.89 £ 0.22) - 104

4 The Nature of Light Scalars f,(980) and a,(980)

After the first search of the rare ¢ decays by the ND detector 31) N. Achasov
suggested 26) that study of decays ¢ — 7°7%y and ¢ — 7%y can provide a unique
information on the structure of the lightest scalars f0(980) and aq(980). Subsequent
studies 37> 38, 39, 40, 41, 42) proved this idea. In these works different models
of the structure of these mesons were considered. The most popular were 2-quark
model 43), 4-quark MIT-bag model 44). and K& molecular model 39).

SND demonstrates the first evidence 3) of a0(980) signal in the 7°n mass

spectrum. [f this observation will be confirmed, it will be a very strong support for
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4-quark MIT bag model 4} of ag(980) meson. This statement is based on the

following arguments, whick: were formulated for the first time by N. Achasov 45,46)

e the ay(980) meson has isotupic spin 1, so it includes (u@— dd)/+/2 quark state;

e the branching ratio of the decay ¢ — agy — n7’y is practically the same as
the branching ratio ¢ — nry, the recoil photon energy is the same for both
decay modes, so there is no significant OZI rule suppression in both processes
and there is s pair in both aq and 7/ mesons.

So, ag has to include significant contribution of the s§(uﬁ—d&)/\/§ state. At the level
of first experiments it is not possible to determine the detailed structure of ag. Both
configuration, the 4-quark bag and the KK molecule, may give some contributions.
We cannot exclude some contribution of the 2-quark state (u7 — dd)/+/2 too.

The same conclusion can be done for the structure of f3(980). The value
of the coupling constant g:‘:KK/ciﬁr = 2.13, obtained from the fit of the 77" spec-
trum 35), agrees with the predictions of 4-quark MIT-bag model (2.3 GeV? 26, 44))
as well as the value of the branching ratio B(¢ — 7%%y). In this model f; = s3(ui+
dd)/v/2. The corresponding predictions of the KK molecular model (0.6 GeV?
39, 47)), the s3 model 26), and the (u@ + dd)/+/2 model (0.3 GeV? 26)) are lower.
On the contrary, another s3 model 48) describe the data 39) well. Of course, there
are open questions: what is the precision of the predictions 26, 48) and what is the
contribution of o-state 47)7 Comparison of the results of the fits 3) shows a strong
model dependence of fy-meson parameters.

Note, that the analysis of all statistics collected by SND and CMD-2 will
improve the accuracy by factor two, not more. KLOE D) hasa very good perspective
to achieve much better precision.

5 The Spectrum of Vector Mesons

Increasing the statistical accuracy of experiments we come to a situation, when sys-
tematic uncertainty of main parameters of vector mesons are higher than correspond-
ing statistical uncertainty. This systematic is connected with detector imperfectness
and with model dependence of vector meson parameters. To illustrate this fact the
masses and the widths of p-meson family are presented in the Table 2. The fits of
the data for the reaction e*e” — #*7~ and on the 77~ photoproduction data
differ systematically 30). Moreover, the same data can be successfully described in
different models 49).

671




V.N. Ivanchenko

Table 2: The parameters of p, pl. and pit, obtained in different ezperiments.

Experiment | CMD-2%) [ CLEO-1 7) [ E687 ) | PDG'os |
m,, MeV | 77528 £0.64 | 7743+ 1.1 |- 768.1+ 1.3
T, MeV | 147.70+1.35 | 1491+ 16 |- 151.0 4 2.0
M, MeV | = 1465 1370+ 12 | = 1465 | 1465 % 25
Ty, MeV | =310 386+43 | 210+ 77 | 3104 60
Mpy, MeV | - - = 1700 | 1700 + 20
o, MeV | - . 277+ 50 | 235 4 50

The problems of the family of w-meson were discussed at the workshop
too. First of all, new preliminary data of CMD-2 on the mass and width of w(783)

significantly differ from PDG values (Table 3). The value of the width is principal

for the analysis of radiative decays of light mesons 24,27) and for the understanding

of the nature of the decay w — 77 7% The mechanism of the decay is mainly
w — pm, but significant contribution can be provided by the direct transition w —

mtm~n® via box diagrams. This contact amplitude is small, but it is shown 8) that
the interference of the boxes with the p-mediated amplitude leads to a sizeable effect
in the width of the w meson.

In the SND experiment the reaction ete~ — 7+7 70 in the energy range
above ¢(1020) was studied. The evidence of the w(1200) resonance has been ob-
tained and no signal of w(1400) is observed. The resonance w(1250) is required
for the corresponding Regge trajectory 50), 50 MeV mass difference is inside the
model uncertainty. At the same time, it is difficult to accept this w(1200) without
confirmation in other processes. Isotopic invariance requires the existence of p(1200)
partner, which can be seen in the e*e~ and photoproduction 7+7~ data. At the
moment old p(1250) is excluded from the PDG tables, so additional study of the
mt7~ data is necessary, which can show if there is any room for this resonance. Of
course, the experimental confirmation of w(1200) is required too.

According to CMD-2 study 52), the a,(1260)7 intermediate state dom-
inates in the process ete~ — 47. Preliminary SND data 3) do not yet confirm
that additional work is necessary. The most clean samples of a; are observed in
the 7 decay modes 7= — 77, 7t7~ 7 1,. The statistics of CLEO-II 7) is
great. That allows to analyze the hadronic current in details and to extract the
contributions of s—, p—, and d— waves into produced 37 system. Some indication
of a1/(1700) is obtained. The process 7= — 7+7 -7 1, is studied by DELPHI 6)
also. The parameters of a,(1260) are obtained fitting the spectral function of the
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Table 3: The parameters of w, w!, and w!, obtained in different experiments.

Experiment | CMD-22)  [SND3) | DM251) [ PDG98

m,, MeV | 782.65£0.13 | - : 781.94 £ 0.12
T, MeV 8.82+0.27 - = 8.43 £ 0.10
me, MeV | - 1170 £ 50 | 1419 £ 31 | 1419 £ 31
T, MeV |- 187£50 | 174+59 | 174459
Myn, MeV | - - 1662 £+ 13 | 1649 + 24
Tun, MeV |- : 280 £24 [220+35

decay mg, = (1196 — 1264) MeV, I, = (425—547) MeV. The statistical errors are
much smaller than the model uncertainty of these values. The evidence of a;/(1700)
state is found out but mass and width of a;/ cannot be determined from the data, so
theoretical predictions for its values were used: m,,, = 1700 MeV, T';,, = 300 MeV.
The signal of a; is seen in photoproduction data 4) as well.

6 Diffractive Vector Mesons Production

Electron/positron collisions with protons at HERA provide the wide energy and
momentum transfer ranges of the diffractive vector meson production 5) from s
meson to T-mesons. The results on diffractive production of p, w, and ¢ mesons can
be described with a good accuracy by non-pertrubative approach based on Regge
theory and Vector Dominance Model (VDM). It is connected with the soft scale of
energy and momentum transfer and with the relatively large interaction radius. On
the contrary, for the description of the .J/¢» and T production the pertrubative QCD
have to be applied. In this case the transverse size of the interaction is significantly
smaller and VDM cannot describe the differential cross section slopes.

The analog QCD processes, so called “anomaly”, are predicted for ete”
production. Of course, the anomaly contribution is estimated 49, 53) t6 be small in
comparison with the main VDM processes for the energy of ete™ interaction about
1 GeV, but as statistical precision of new experiments increases, the contributions
of anomalies have to be taken into account or estimated to be negligible.

7 Conclusion

Few remarks tan be done in the summary of the vector meson session.

e Great progress in all types of experiments was demonstrated during the session.
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e SND experiment at Novosibirsk achieves statistical accuracy of (1 —2) % for
the main radiative decays but systematic uncertainty is still not better than
5 %. Limiting factors are uncertainty in the B(¢ — e*e™) and in the values
of interfering nonresonant amplitudes.

e The existence of the decays ¢ — 77y, 7%y, ntv at the level of 10~ is
confirmed by both Novosibirsk experiments. The results support 4-quark MIT
bag model of f; and ay structure, but do not exclude other contributions. The
gluonium content in the 7/ is not seen.

e To use the full potential of KLOE for hadron spectroscopy the precise mea-
surements of cross sections outside ¢-meson are very necessary.

e Reexamination of p(770), w(783), and a;(1320) families seems to be unavoid-
able. For that it is necessary to perform not only phenomelogical analysis of
the data but also to perform theoretical reexamination of the used models.

e New precise models for description of vector meson spectroscopy are welcome.
It is real challenge for the theory to make predictions adequate to the precision
of the experiment.
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ABSTRACT

Some of the results on pseudoscalar mesons presented at the workshop are briefly
discussed.

1 Is there any glue in the first 0~ nonet?

The remarkable peculiarity of the first pseudoscalar nonet is the largest deviation
from ideal mixing. One of the reasons could be the existence of a sizeable glue
component in the 7 and 5" mesons, due to pseudoscalar gluonium states mixed with
dq states. However, the analysis of the J/¥ decays 1) and the recent data on
® — 1’y coming from the CMD-2 experiment 2) seem to exclude this hypothesis.
On the theoretical side, we recall also that relativistic quark models with instanton
induced forces 3) can explain the n — ' puzzle without any gluonium state.

In this workshop, Ambrosino has shown that the next ® — n'y data from
KLOE will achieve a relative accuracy of 2% and will permit a more accurate esti-
mation of the standard SU(3) pérameters of this nonet and the test of the strength
of the gluonic terms 4). KLOE has also the possibility to study the ' — 7#t7—y
decay, which is believed to proceed mainly through the p(770)7y intermediate state
with a small component of direct w7y decay due to the so-called box anomaly 5, 7).
Using this model and the known two-photon decay widths of 7 and 7/, the analysis of
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