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A brief review of vector mesons made of light quarks is presented.

1. INTRODUCTION

Hadrons with quantum numbers JX¢ = 1-~
can be directly produced in one-photon ete™
annihilation. They are observed as resonances
in cross sections of exclusive processes ete™ —
(2 — 6)h,h = m, K,n,p,.... Their properties
(mass, total and leptonic width, branching frac-
tions) provide information on interactions of light
(u,d, s) quarks. Detailed studies of such parti-
cles and searches for exotic states like hybrids
and glueballs allow a test of various theoretical
models (Chiral perturbation theory, Vector Me-
son Dominance, potential models, CVC relations
between ete™ and 7) and give input to better un-
derstanding of low energy strong interactions and
thus further development of QCD. High-precision
measurements of various cross sections are also
important for the determination of fundamental
physical quantities ((g, —2)/2, a(M2), as, quark
and gluon condensates.

We present here a brief review of the current
status of vector states in the center-of-mass (c.m.)
energy range 1.0-2.5 GeV. It is mostly focused on
recent experiments performed by a scan method
with the CMD-2, SND and BES detectors as well
as with the initial-state radiation method (ISR)
extensively employed in the BaBar experiment.
For a review of previous measurements in this en-
ergy range see, e.g., Ref. [1].

2. FINAL HADRONIC STATES

From experiment it is known that production
of hadrons in the energy range under discus-
sion is saturated by the final states with n pions

(n = 2—6), and combinations of two or even four
kaons with some number of pions (up to three).
There is some recent evidence for production of
an additional 1 meson in final states with pions
and kaons [2].

Note that the same final state can be reached
via different intermediate mechanisms involving
various resonances. For example, the 777wt 7~
final state can be obtained via aym, fop°, asm,
w'm, .... Correct description of such processes
requires taking into account interference effects
between amplitudes of different subprocesses as
well as permutations of identical pions.

Until recently the available statistics in the
studies of exclusive hadronic processes were lim-
ited and precluded detailed measurements of the
parameters of vector mesons observed between 1
and 2 GeV. According to PDG [3], there are two
w'’s (w(1420) and w(1650)), two p"’s (p(1450) and
p(1700)), and one ¢' (¢(1680)). However, even
their basic parameters (M, T, T..) are badly
known. For example, two p'’s are observed in
most of the reactions as a broad structure at
~ 1.6 GeV. The only exception is a very recent
high-statistics measurement of the two-pion de-
cay of the 7 lepton in which the two-pion invariant
mass distribution clearly shows three interfering
p mesons [4], see Fig. 1.

The position of the five vector states above is
in satisfactory agreement with the Godfrey-Isgur
relativized quark model with QCD, which actu-
ally predicts two sets of vector states (p, w, @)
from 1 to 2 GeV [5]. Detailed comparison with
any theoretical predictions will require isospin
analysis and much better accuracy. For example,



® Belle
10 E O ALEPH i
Y% CLEO
— G&S Fit
(Pi770) * Praasoy * Prazoo)
1 - .
N
—E
L
-1 i I
10 F Sy E
-2
10 F E
-3
10 ! ! ! !

0 0.5 15 2 25

1 )
M)
Figure 1. My, distribution in 7 — 77v at Belle

BaBar recently studied the K K final state and
found that it is dominated by the K*K mech-
anism [6]. Observation of two charge combina-
tions (K+*K~7° and K2K*7T) and their Dalitz
plot analysis allow to disentagle isospin-zero and
isospin-one contributions, (Fig. 2 and Fig. 3).

3. w' MESONS

Recent studies of the processes nta~—7% (pm)
by SND [7] and BaBar [8] as well as
2r 27 70 (wrt7~) by CMD-2 [9] and BaBar [2]
confirmed the existence of the w(1420) and
w(1650) and significantly affected the values of
their parameters. In the 7t7~ 70 final state the
cross sections measured by SND and BaBar are in
good agreement at /s < 1.4 GeV whereas above
this energy the BaBar cross section is more than
two times larger than that previously measured
by DM2 [10]. BaBar also reported observation of
the wn decay mode of the w(1650) [11], but with a
somewhat smaller width (114 + 14 MeV) than in
the original observation in 7~ p collisions, where
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Figure 2. Isoscalar component of the cross section
of K*K production

a width of 250 £ 50 MeV was measured [12]. It
is also worth noting that estimated values of the
leptonic width for the ' states are significantly
higher than those expected in Ref. [5].

4. o) MESONS

p(1450) and p(1700) are expected to predom-
inantly decay into four pions. Old measure-
ments of both 27+27~ and 777~ 27° by DM2 [13]
agree with those of CMD-2 [14], SND [15] and
BaBar [16], but all experiments always show one
broad structure only. This can be due to peculiar
interference pattern or existence of additional ex-
otic states close to the regular ¢q states and mixed
with them [17,18]. It is also possible that the
p(1450) and p(1700) have different decay modes,
so that there are different energy thresholds and
energy dependence in each particular case.

Recently BaBar reported observation of two
structures at ~ 1.5 GeV [6]. A broad one in the
K K* state (a width of 418 +25+4 MeV ) can be
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Figure 3. Isovector component of the cross sec-
tion of K*K production

also due to the overlapping p(1450) and p(1700)
resonances, but the one in the ¢n° final state has
a much smaller width of 144 £+ 75 + 43 MeV. Its
properties are very close to those of the C(1480)
state observed more than 20 years ago in a sin-
gle experiment using 7~ p collisions [19] (and not
confirmed by searches in ete™ [20] and pp [21]
annihilation).

The ¢7° cross section shown in Fig. 4 also
exhibits some narrow structure at 1.9 GeV,
which may be p(1900) earlier observed in the
3n T3~ state in photoproduction [22], in the to-
tal R in eTe™ [23] as well as in both 37737~
and 27277270 cross sections by DM2 [24] and
BaBar [11] (although with a larger width). It
should be noted that a statistical significance of
these findings is not yet high and the authors
themselves can’t exclude that they observe an
OZI-violating decay mode of the p(1700) [11].

Based on the ISR study, BaBar also re-
ports a measurement of the 7/(958)7*T7~ and
f1(1285)rTn~ (Fig. 5) cross sections with clear
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Figure 4. Cross section of the process ete™ —

¢r°

evidence for the p(2150) meson [2].

Finally, it is worth noting that BES recently
reported a very broad (~ 800 MeV) K™K~ state
at about 1.5 GeV produced in J/v¢ decays [25].
Partial wave analysis gives for it isovector quan-
tum numbers. Such a pattern of the cross section
can hardly be reconciled with what was observed
before in both K*K~ and K2K9 final states.

5. ¢ MESONS

Until recently evidence for the ¢(1680) was only
based on the old observation of a structure in
the K3K*rT final state by DM1 [26]. BaBar
observed it in both K K* and ¢n (Fig. 6) final
states [6]. There is, however, a conflicting result
of FOCUS [27], which observes a structure with
similar parameters in the K+ K~ and does not
observe it in the K K* final state.

Finally, BaBar observes a new isoscalar reso-
nance in the K+ K 7t7~ and KT K 7% final
states (predominantly ¢fo(980)) at 2.12 GeV [16,
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Figure 5. Cross section of the process ete™ —
f1(1285) 7t ™

28], see Fig. 7. This result is confirmed by the
BES Collaboration which observed the same fi-
nal state in J/¢ — n¢fo(980) decay [29].

6. CONCLUSIONS

A big number of vector mesons made of light
quarks have been observed above the ¢(1020). In
particular, experimental evidence exists for two
W', four p' and two ¢' states. The properties
of these resonances can be studied by measuring
various final states of hadrons with intermediate
resonances. There are still many puzzles and un-
known things, therefore clear understanding will
require more theoretical and experimental efforts.

Some of the final states (27, 47, wm, ...) can
be confronted to corresponding 7 decays using
conserved vector current (CVC) and isospin sym-
metry. Such a comparison can hopefully help in
solving the existing discrepancy between 7 de-
cays and ete™ annihilation into two and four pi-
ons [4,30,31].
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Figure 6. Cross section of the process ete™ — ¢n

We can expect future progress in this field from
the J/1 decays to be studied at the Beijing 7-
charm factory now at the commissioning stage.
Belle can use its huge statistics for an ISR studies
of vectors similar to BaBar, where about 230 fb—!
of data have been used for that. Such experiments
would be complementary to what is planned to
do at the dedicated colliders — VEPP-2000 now
commissioned in Novosibirsk and DAPHNE-IT -
an upgrade of the DAPHNE collider actively dis-
cussed in Frascati.

T'm grateful to Koji Hara and Toru Iijima for
the excellent organization of the Workshop and
their kind invitation.
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