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Modern experiment allows to solve many problems of hadron physics both rather old and new ones. In
particular, during implementation of the project, mechanisms of production of the light scalar mesons in
photon-photon collisions are installed, i.e., the question raised thirty years ago is solved.
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1. Introduction. An analysis of the high-statistics
data on two-photon production of light scalar mesons,
obtained by the Belle collaboration with B-factory in
Japan [1-4], revealed that their production mecha-
nisms are four-quark transitions caused by rescatter-
ings, which is, in turn, an important argument in fa-
vor of four-quark nature of light scalar mesons [5-10].
In particular, we show that the prediction of the ideal
two-quark model for the ratio of the widths of the two-
photon decay equal to 25/9 for the light scalar f,(980)
and a(980) mesons is excluded by experiment [9], while
for the two-quark tensor partners f2(1270) and a2(1320)
is well satisfied.

It is shown that high-statistics research of light
scalar mesons in photon-photon collisions: 1) in reac-
tions 7y — K K near the threshold, 2) and also in reac-
tions 7*(Q?)y — 797Y and v*(Q?)y — 77, will allow
to receive the valuable information about the nature
of light scalar mesons. In particular, it is shown that
in case of their four-quark nature should be expected
strong suppression of the Born contribution to the re-
action vy — K~ KT about the threshold [11], and in
reactions v*(Q?)y — 7% and v*(Q?)y — 7' a swift
falling of the cross sections with increase of the photon
virtuality Q2 [9].

A scenario is suggested, in which a resonance in the
reaction v*(Q?)y — KK is caused not by the produc-
tion of the axial-vector meson f1(1420), as is commonly
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believed, but by the production of the pseudoscalar me-
son 77(1475) [12-14]. Verification of this scenario, includ-
ing in the decays of heavy quarkonium, will provide
valuable information on the pseudoscalar glueballs.

It is constructed an analytical model of the ampli-
tude 77 scattering involving light scalar mesons, which
describe the experimental data and theoretical calcula-
tions based on chiral expansion, the dispersion relations
and Roy equations [15-17]. The model fits well with the
four-quark scenario for light scalar mesons.

The mechanism of production of light scalar mesons
in semileptonic decays of the heavy quarkonium D} =
= 5 is investigated [18]. It is shown that the lightest
scalar meson ¢(600) contains almost no strange quark
pairs, s§, and their share of f,(980) meson does not ex-
ceed 30 percent. Thus semileptonic decays support exist-
ing arguments in favor of the dominant role of the four-
quark component in the ¢(600) and f,(980) mesons. The
program of study of light scalar mesons in semileptonic
decays of Dt and D° mesons (or D~ and D) is pro-
posed [18].

Interference phenomena observed in the 1(3770) res-
onance region in the ete™ — DD reactions are studied
in the models that satisfy the elastic unitarity condition
[19]. A good description of the current data is obtained.
Selection of theoretical models can be done by compar-
ing their predictions with the data on the form of the
1 (3770) peak in the channels eTe™ — vxco0, J/¥n, ¢,
etc.
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Fig. 1. Our combined description [9] of the data on the vy — 777~ (a) and vy — 77" (b) reaction cross sections. &, oo, o2,

Born
03

, 52°™ denote cross sections for vy — 777~ and &, G0, o for vy — 77 (for further details see Ref. [9]). The shaded

bands correspond to the Belle data [2, 3] with their statistical and systematic errors (added up quadratically)

Generalized Hidden Local Symmetry (GHLS) model
as the chiral model of pseudoscalar, vector, and axial
vector mesons, is confronted the ALEPH data on the
decay 7= — w7 wtv,. The modifications of GHLS
based on inclusion of heavier axial vector mesons are
studied [20, 21]. It is shown that the scheme with two
additional axial vector isovector mesons with masses
mg: = 1.59 GeV and m,y = 1.88 GeV gives a good
description of the ALEPH data.

An analytical form factor of the pion, inspired by
field theory, is constructed [22-24]. Tt describes very well
the current high-statistics data, obtained in the time-
like region by SND, CMD-2, KLOE, BABAR collabora-
tions and in the space-like region by NA7 collaboration
(CERN) for —10GeV? < s < 1GeV2. The charge pion
radius is calculated.

The new sum rules for the Z-boson radiative de-
cays into heavy quarkonia are studied and shown that
the decay intensities BR(Z — ~.J/v(1S)) ~ BR(Z —
— 7Y (18)) ~ 1075 are possible [25, 26] and probably
can be measured at the Large Hadron Collider.

2. Light scalar mesons in v~ collisions. A ma-
jor contribution to understanding of the nature of light
scalar mesons ¢(600), f0(980), and ap(980), which are
candidates for four-quark states, comes from the physics
of photon-photon collisions, where high-statistics data
have recently been obtained (see, e.g., review [9]). In
the series of measurements of the cross sections for the
yy—=atr |1, 2], vy — 7970 [3], and vy — 797 [4] reac-
ITucema B 2KOQTD
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tions, performed at the KEKB ete~ collider, the Belle
collaboration accumulated statistics two or three orders
of magnitude higher than that in pre-B-factory exper-
iments (see Figs.1 and 2; /s is the invariant mass of
the final meson system). Really, after analyses of the
Belle data, the physics of two-photon decays of light
scalar mesons can be more clearly delineated [5-10]. The
mechanism of their decays into ~y~y differs from the decay
mechanism of the classical tensor gg-meson, i.e., direct
qq — v annihilation. The decays of light scalar mesons
into 7, suppressed in comparison with those of tensor
mesons, are mediated through the rescattering mecha-
nisms, i.e., four-quark transitions o(600) — 7 t7~ — v,
f0(980) = K+ K~ —~7, ag(980) = (KT K, 7'n) — 7,
etc., whereas the direct coupling constants of &(600),
f0(980), and a¢(980) to photons are small. Such a
picture is consistent with available data and confirms
the ¢?g?-nature of light scalar mesons. It is impossible
to comprehensively characterize the coupling between
scalar mesons and photons (by analogy with tensor
mesons) by the values of the To++ - (m2,,) constants.
As an adequate working characteristic of the coupling
between fy(980) and 7, we determine the f;(980) —
— 7y decay width averaged over the resonance mass dis-
tribution in the 77 channel: (T'f) s+~ )rr. For our com-
bined fit (see Fig.1), (I'fy—yy)xr ~ 0.19 keV. Taking
into account that the 2m, < /s < 0.8 GeV region
is dominated by the wide o(600) resonance, we obtain
(Cosyy ) = 0.45 keV. Analogously, for the a¢(980) —
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vy decay width averaged over the resonance mass dis-
tribution in the 77 channel (see Fig.2), we estimate
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Fig. 2. Our fit [5] to the Belle data [4] on the vy — 7°n
reaction cross section. The shaded band shows the size of
the systematic error in data

(Fag(980)=~~)7n = 0.4 keV. As concerns the prediction
of the ideal ¢g model for the two-photon decay widths
of fo(980) and a((980) mesons, I f; v~ /Tag—~y = 25/9,
it is excluded by experiment.

High-statistical data on the vy — K~ K™ and vy —
— KO%K0 reactions constitute the last missing link in in-
vestigations of light scalar mesons f,(980) and a(980)
in photon-photon collisions. It is expected that the man-
ifestation of the four-quark structure of the f,(980) and
a0(980) resonances in these reactions will be very pe-
culiar [9, 11]. According to experiments, the cross sec-
tions for vy — KT K~ and vy — K2 K2 reactions in the
range of 1.2 GeV < /s < 1.7 GeV are saturated by the
contributions from classical tensor resonances f2(1270),
a2(1320), and f5(1525) produced in states with a helic-
ity of A==2. The Born contribution largely overesti-
mates the background under the tensor meson peaks in
K*TK~ (see Fig.3). However, the S-wave resonant in-
teraction between the K™ and K~ mesons in the final
state compensates a significant part of this background
in a wide /s range. This is the result of the strong
coupling of the f,(980) and a¢(980) resonances with
the KK channels, which is natural in the four-quark
scheme. Thus, scalar contributions of 5-10 nb can be
detected in the cross section for the vy — KT K™ reac-
tion in the range of 2my+ < /s < 1.1 GeV (see Fig. 3).
The vy — K°K° cross section is expected to be <1
nb. The possibility of explaining the suppression of the
large S-wave Born contribution to vy — KTK~ by the
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Fig.3. The upper (lower) dashed, dashed-dot, and solid
curves correspond to the Born vy — KT K™ cross section
for the elementary (modified by the form factor) one-kaon
exchange with AJ =00, |A|J =00 + 22, and to the total
cross section, respectively. Here A is the total helicity of
initial photons and J is their total angular momentum.
The dotted curve is our estimate of the S-wave cross sec-
tion for the vy — KK~ reaction

contribution from the f;(980) and ag(980) resonances,
vy = KTK™ —[f0(980)+a0(980)] = Kt K ~, would in-
dicate in favor of the dominant role of four-quark transi-
tions (i.e. rescattering mechanisms) in the fp(980) — vy
and ao(980) — -7 decays and, correspondingly, in favor
of the ¢2¢? nature of the f,(980) and a(980) states.

3. 1(1475) wversus f1(1420). The reactions
Y7*(Q%) — K3K*rT have been investigated parallel
with the reactions vy — KJK*7F. A clear resonance
signal in the vv*(Q?) — KJK*rT cross sections has
been found in the K gK +7F invariant mass range
1.35GeV < /s <1.55GeV for Q? # 0 (in the photon
virtuality region 0.04GeVZ< Q? < (1-8) GeV?). The
absence of the resonance signal in o(yy — K3K*nT)
and its appearance in o(yy*(Q?) — K3K*nT) has led
naturally to the hypothesis of the J© = 17 f;(1420)
resonance production, which is forbidden in two real
photon collisions (for small @2, the yy*(Q?) — f1(1420)
transition amplitude is proportional to \/@) So far
poor statistics in the existing experiments did not allow
a determination of the spin-parity of this resonance
structure directly with the angular distributions. In the
works [12-14], we showed that, with the help of the
JP =07 n(1475) resonance and the generalized vector
meson dominance model, we can explain simultaneously
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the peak in the vp° mass spectrum in the J/v — yyp°
decay, the pseudoscalar structures near thresholds
in the pp and ww mass spectra in J/¢ — v(pp,ww)
decays, and the suppression of the 7(1475) signal
in the reaction 7y — KK and its appearance in
Y (Q?) — KK for Q* # 0. Our explanation might
be rejected unambiguously by measuring the spin-parity
of the signal in the region of 1475 MeV in the reaction
¥ (Q?) — KK, together with the disavowal of the
pseudoscalar structures in the pp and vp® mass spectra
in the J/v — vpp and J/1 — yyp® decays.

4. Light scalar mesons in 7w scattering. We
constructed the 77 scattering amplitude 7 with regular
analytical properties in the s complex plane, describing
both experimental data and the results based on chiral
expansion and Roy equations. Now the results obtained
during development of our work are presented in the
papers [15-17]. We dwell on questions dealing with the
low o — fy mixing, inelasticity description and the kaon
loop model for the ¢ — (o + fo) reaction, and show
a number of new fits. In particular, we show that the
minimization of the o — fy mixing results in the four-
quark scenario for light scalars: the ¢(600) coupling with
the K K channel is suppressed relatively to the coupling
with the 77 channel, and the f;(980) coupling with the
w7 channel is suppressed relatively to the coupling with
the KK channel.

Our model the S matrix of the 7w scattering is
the product of the “resonance” and “elastic background”
parts: S = S Pack §9res and we introduced the special
SQback parametrization to obtain the correct 79 ana-
lytical properties. The performed analysis shows that
the scenario, based on the four-quark model, completely
agrees with the current experimental data and theoret-
ical requirements. We present for different fits of the
data the o(600) and f,(980) poles, the residues of T,
Res Ty, and of the resonance part 791, Res TOR®, in
these poles on different sheets of the complex s plane
depending on sheets of polarization operators for the
nm, KK, nm, n’, and n'n’ channels. We also discuss
the approximate character of the Roy equations, that
take into account only the 77w decay channel, and note
that efforts aiming the precise determination of the o
pole are not productive. The best way for understand-
ing the nature of the light scalars is the investigation of
their production mechanisms in physical processes. In
this investigation we paid more attention to the inelas-
ticity 9 of 77 scattering, namely, we tried to reproduce
the peculiar behavior near the threshold, indicated by
the experimental data. Unfortunately, the current data
have large errors, so the precise measurement of the in-
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elasticity 79 near 1 GeV in 77 — 7m would be very
important.

5. Light scalars in semileptonic decays of
charmed mesons. We study in Ref. [18] the mech-
anism of production of the light scalar mesons in
the DY — ntr~etv decays: Df — ssetv —
— [0(600) + fo(980)] eTv — wT7~ etr, and we com-
pare it with the mechanism of production of the light
pseudoscalar mesons in the DF — (n/n)etv decays:
Df — ssetv — (n/n)etv. As Fig. 4 suggests, the

Fig. 4. The model of the Dy — o/foetv (a) and DF —
— (n/7') etv (b) decays

D} — ssetv — [0(600) + fo(980)] etv — ntn~etv
decay is the perfect probe of the s component in the
0(600) and fp(980) states. Our analysis shows that the
s5 — 0(600) transition is negligibly small in compar-
ison with the s§ — f,(980) one. As far as we know,
this is truly a new result, which agrees well with the
decoupling of o(600) with the KK states, obtained in
Ref. [17]. As for the f,(980) meson, the intensity of
the s5 — fp(980) transition makes near thirty percent
from the intensity of the s§ — ns (ns = s5) transi-
tion. So, the D — w7~ eTv decay supports the pre-
vious conclusions about a dominant role of the four-
quark components udiid in the o(600) and sudu + sdsd
in fp(980). Our description of the #™7~ mass spec-
trum in the DY — 777~ etv decay is shown in Fig. 5.
Certainly, there is an extreme need in experiment on the
D} — nt7~ eTv decay with high statistics.

Of great interest is the experimental search for the
decays D — duetv — ap (980) ety — 7w netv and
Dt — ddetv — a8(980) etv — 7'netv (or the charge
conjugate ones), which will give the information about
the a; = di (or aj = ud) and a) = (uti — dd)/v2
components in the ag (980) and aJ(980) wave functions,
respectively. No less interesting is also search for the
decays DT — ddetv — [0(600) + fo(980)] et —
— 7~ etw (or the charge conjugate ones), which will
give the information about the o, = (u@ + dd)/+/2 and
foq = (uti + dd)/+/2 components in the ¢(600) and
f0(980) wave functions respectively.

6. Line shape of v(3770) in ete” — DD.
In constructing the model describing the process
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Fig.5. The CLEO data on the invariant 777~ mass (m)
distribution for the Dy — 7t7~e™v decay with the sub-
tracted backgrounds. The dotted line is the fit from CLEO.
Our theoretical curve is the solid line

ete”™ — DD, one must keep in mind that we investigate
above all the D-meson isoscalar electromagnetic form
factor F%. The phase of FY in the elastic region (i.e.,
between the DD (~ 3.739 GeV) and DD* (=~ 3.872
GeV) thresholds) is fixed by the unitarity condition
equal to the phase 09 of the strong P-wave DD scatter-
ing amplitude 77 in the channel with isospin I =0, i.e.,
FP = ei‘s?}'%, where FP, and 69 are the real functions
of energy. A similar representation of the amplitude
ete™ — DD used for the data description guarantees
the unitarity requirement on the model level [19].
The sum of the ete™ — DD reaction cross sections is
given by o(ete™ — DD) = 8ra? |F,%(s)|21/(s)/(352),
where s is the DD-pair invariant mass square,

v(s) = [P3(s) + p(s)l/V/5, po+(5)=1/s/4—mPo
and «=e?/47=1/137. Below, for short (3770) is
denoted as 1". Here we consider a simplest working
variant of the model of the mixed 9" and 1(25) res-
onances for the description of the interference pattern
in the 9" region. Owing to the common D°D® and
D+ D~ coupled channels, the 9" and the 1(25) can
transform into each other (i.e., mix); for example,
¢" — DD —1(2S). The form factor FP, correspond-
ing to the contribution of the mixed ¥” and (25)
resonances, is given by

Fo(s) = '
p Dy (8)Dy(2s)(8) — I3, 9 (5)

, mi, — s - iv/sUypp(s) and
Dw(zS)(S) = Myesy — 5 — Z\/grw(zs)DD(S) are
the inverse propagators of " and (25), and
Fw“DD(S) = Qinm‘) v(s)/(6my/s) and Fw(QS)DD(S) =
= gi(QS)DD v(s)/(6my/s) their decay widths,
respectively. ~ The  amplitude  Ilyiy2s)(s)  de-

where Dy (s) =

scribes  the
ity we put

Y” — (2S) mixing. For

Rellyry2s)(s) =0, e, we re-
strict ourselves only to the contribution of
Imllyy2)(s) = GyrppYyas)pp ¥(8)/(6m) caused
by the 9" — DD —1(25) transitions via the real
DD intermediate states. Then Rpp(s) in the above
equation for F3(s) takes the form: Rpp(s) =
= (M3 — 8)9u(25)79p(25)pD + (M 25) = 8)9u~ Gy DD-
Here the constants gy/pp, 9yes)pp, and gy,
gy (25)y characterize couplings of the 9", ¢(25) to the
DD and virtual v quantum, respectively. An example
of the fit to the current data is shown in Fig.6. It

simplic-
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Fig. 6. The simplest variant of the model of the mixed "’
and 1(2S) resonances. The solid curve is the fit to the
BES, CLEO, BABAR, and Belle data for o(e*e™ — DD).
The dashed and dot-dashed curves show the contributions
to the cross section from the " and (25) production
amplitudes proportional to the products of the coupling

constants gy ygyrpp and gy(2s)y9y(25)p D, respectively
(see the text)

allows us to extract from experiment the coupling
constant 9121;(25) pp/(4m) = 32 which is inaccessible to

direct measurements; we also obtain gi,,DD/(Zlﬂ') ~ 16.
Owing to own clarity and simplicity the above variant
of the ¥ — 1(2S) mixing model can be tested, in the
first place, in the treatment of new high-statistics data
which can be expected from CLEO-c and BESIII on
the ¥(3770) shape in eTe™ — DD. In Ref. [19], we also
discuss the possibility of testing theoretical models by
comparing their predictions with the relevant data on
the shape of the (3770) peak in the non-DD mass
spectra in ete™ —vyxc0, J/¥n, ¢n, etc. The mass
2013
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spectra in the 1" region in the non-DD channels can
be very diverse. Therefore, we should expect that the
forthcoming data on such spectra, together with the
ete~ — DD data, will impose severe restrictions on
the constructed dynamical models for the 1" resonance
interfering with the background.

7. Improved the GHLS model. Generalized Hid-
den Local Symmetry (GHLS) model as chiral model
of pseudoscalar, vector, and axial vector mesons and
their interactions, based on nonlinear realization of chi-
ral symmetry, has the virtue that the sector of elec-
troweak interactions is introduced in such a way that the
low energy relations in the sector of strong interactions
are not violated upon inclusion of photons and elec-
troweak gauge bosons. Earlier, the decays p® — 7+7~
and w — 77 70 were analyzed in the framework of
GHLS. In Refs. [20, 21], we showed that the GHLS
model is confronted the ALEPH data on the decay
77 — m w wtv,. This decay incorporates the tran-
sition W~ — m~ 7~ 7T given by the diagrams in Fig. 7.
The simplest variant of GHLS with m,, = 1.23 GeV re-

(a) ;T (b) T

Fig. 7. Diagrams describing the transition W~ — 7~ 7 7™

sults in the spectrum shown with the dot-dashed line in
Fig.8. Upon variation of free parameters of the model
with the single a; resonance contribution results in the
curve drawn with the dashed line. It corresponds to
Ma, ~ 1.54 GeV and x? = 690/(112d.o0.f). To improve
the fit, heavier resonances a}, o were included in a way
analogous to a1(1260). Such a modification of the GHLS
model yields a good description of the ALEPH data with
ma, = 1.332+0.015 GeV, my; = 1.59 £+ 0.01 GeV, and
mgy = 1.88+0.02 GeV. Our best fit is shown in Fig. 8 by
the solid curve. It corresponds to x? = 79/(102 d.o.f).

8. The m-meson analytical form factor. Based
on the field-theory-inspired approach, a new expres-
sion for the pion form factor Fj is proposed [22-24].
It takes into account the pseudoscalar meson loops
77~ and KK and the mixing of the p(770) with
the heavier p(1450) and p(1700) resonances. The ex-
pression possesses correct analytical properties and de-
2013
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scribes the data in the wide range of the energy squared
—10GeV? < s < 1GeV2. The quantity to fit is the
ete™ — w7~ bare cross section

8ra? 9 3 «a
= 5 Fr(9)Pal(s) [1+ Zals)]

Obare

where ¢r(s) = v/$/4 — m2 and the function a(s) allows
for the radiation of a photon by the final pions. The new

expression for the pion form factor is given by

Iprmm
Fw(s) = (97p1797p2a97p3)G71 Gporr +
gp37r7r
Gyl
+% (gllgplmr + 9129p27r7r + 9139p37r7r) .
w

It takes into account both the strong isovector p(770) —
—p(1450)—p(1700) mixing and the small p(770)—w(782)
one, automatically respects the current conservation
condition F,(0) = 1, and possesses correct analytical
properties over entire s plane. The notations are as fol-
lows. p1 = p(770), p2 = p(1450), p3 = p(1700);

—II
_HP2P3
D

D
—II
—II

_Hﬁlpz
D

—II

P1 P1P3

G = P1P2 P2

P1P3 P2P3 P3

is the matrix of inverse propagators, g;; are its matrix
elements multiplied by A = detG; g,v = m} /gy where
gy enters the leptonic partial widths like 'y, +.- =
= dra®my [3g3; Dy, = m2, —s—1,,,, and Dy, = m? —
s — /s (s). The diagonal polarization operators are

9*
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Dy = 20 [T(sm2, m2) + H(s,m02 i3 )], the
non-diagonal ones are expressed through the diag-
onal one: lepz,s (992,37”1'/9917”7)1_[91915 Hpopy =
(gP27T7Tgf’37T‘“'/g217r7r)lepl + saz3. The quantity ass3 is one
of free parameters. The explicit expressions for the po-
larization operators II,,,, and II, . and the detailed
comparison of the model with the ete™ — 777~ data
are presented in Refs. [22-24|. Our final results are
shown in Fig. 9.
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Fig. 9. The curves show the e"e™ — 777~ bare cross sec-
tion, calculated with the resonance parameters obtained
from fitting of the SND, CMD-2, KLOE, and BABAR
data, respectively

An important check of the expression for the pion
form factor and the consistency of the fits is the contin-
uation to the space-like region s < 0 accessible in the
scattering processes. The results are shown in Fig. 10,
where the comparison with the data is presented in the
case of the resonance parameters found from fitting the
BABAR data (see Fig.9). As for the curves correspond-
ing to the parameters found from fitting SND, CMD-2,
and KLOE data, they coincide, within the errors, with
the curve shown and hence are not drawn. We empha-

1.0F
09+ IF |
' = NA7
0.8 e Bebek et al.
- v Tadevosyan et al.
0.7+ *  Horn et al.
L PP loops
0.6
0.5
04+
03r
02+
0.1+
0 -
-0.1 | MR | Ll r il
0.01 0.1 1 10

0" = s (GeV?)

Fig. 10. The curve is our description of the pion form fac-
tor squared in the space-like region s < 0. For more details
see Ref. [24]

size that the data for s < 0 are not included to the
fits. Hence, a good agreement, demonstrated in Fig. 10
makes the evidence in favor of the validity of our model
for the pion form factor.

9. New sum rules for the Z-boson radiative
decays. The works [25, 26] are devoted to the Z —
— ~J/¢ and Z — ~Y decays. The main idea con-
sists in the use of the invariant amplitudes of the tri-
angle loop diagrams (see Fig.11), describing the tran-

Yo, ki, o
+ (ky, o> ky, B)

YB kz, B
Fig. 11. The triangle diagrams
sition of the axial-vector current — qq — ~y(k1)7y(k2)

at k¥ = 0 and k3 # 0, to construct the sum rules for
the Z — cc(orbb) — ~v* amplitude and its deriva-
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tive. Then the minima of the branching ratio sums
(min) \, BR(Z — V), where V = 1 or T) are eval-
uated for different guesses as to saturation of the sum
rules. Three assumption are investigated: i) the reso-
nance saturation of the sum rule for the amplitude, ii)
the resonance saturation of the sum rule for the ampli-
tude derivative, and iii) the simultaneous resonance sat-
uration of the amplitude and its derivative. It is shown
that the resonance saturation of the sum rule for the
amplitude derivative results in a reasonably small reso-
nance contribution to the amplitude, whereas the reso-
nance saturation of the sum rule for the amplitude re-
sults in an unacceptably large resonance contribution
to the amplitude derivative. It is also shown that the si-
multaneous resonance saturation of the amplitude and
its derivative allows to conclude that the resonance sat-
uration of the sum rule for the amplitude derivative re-
sults in the minimum of min ), BR(Z — ~V'), which
agrees reasonably with the quark model prediction. Var-
ious deviations from this lower bound are considered.
Specifically, it is discussed that the decay intensities
BR[Z — ~vJ/¥(18)] ~ BR[Z — yY(1S)] ~ 1076 are
possible [25, 26] and probably can be measured at the
Large Hadron Collider.

10. Conclusion. We constructed a few models
which are able to describe the modern high-statistics
data. The obtained results are of practical importance.
For example, the results on the pion electromagnetic
form factor and the vy — K K reactions near threshold
are important for the physical programm of the VEPP-
2000 accelerator which came into operation at Budker
Institute of Nuclear Physics in Novosibirsk. The works
on semileptonic decays of charmed mesons and the in-
terference pattern in the t(3770) region suggest the in-
teresting programm of investigations at C'/7-factories.

Detailed references on the topics presented above
may be found in the works [5-26].
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