


Dynamical description of the electromagnetic (e.m.) structure of hadrons is still one of the
unsolved problems of particle physics. The perturbative QCD practicaly gives b 2)(due to the
asymptotic freedom) a behaviour of coresponding e.m. form factors (ff’s) only in the asymptotic
region. The QCD sum rules predict 34 just a behaviour of e.m. f’s in a limited interval
of the space-like momentum transfers squared. However in the finite energy time-like region,
where ff’s are complex functions of their argument and experiments on electron - positron
annihilation into a hadron - antihadron pair manifest their nontrivial behaviour caused by a
creation of various vector meson resonances, QGD gives no predictions up to now.

The latter shortage is partly compensated by the recently proposed unitary and analytic
(UA) VMD model®=9 which provides for. every e.m. fF’s of the hadron one real analytic
function for the space-like and time-like region with the asymptotic behaviour to be consistend
with QCD predictions and at the same time reflecting an experimental fact of a creation of
unstable vector mesons in electron - positron annihilation processes, thus depending just on
parameters with a clear physical meaning.

Here we present results: '

¢ a strong evidence for p™(2150) by the data on J/¢ — xt#x~ decay

e a prediction of oy, (eYe™ — nfi) 3> oy(ete” — pp) just above the nucleon - antinucleon

threshold

o surprisingly large one photon e.m. corrections to the strong J/¢ — pp and J/3p — nn
decay amplitudes

o the behaviour of the polar-angle asymmetry parameter a(t) for ete™ — pp and ete™ —
nf processes

which have been obtained by utilizing the UA-VMD model for e.m. structure of pions and
nucleons.

Unitary and analytic VMD model.
The UA-VMD model is obtained (for more detail see Refs. '5)"9)) from a standard VMD
parametrization of e.m. ff of the hadron
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by means of the following nonlinear transformation
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which along with a correct making allovance for nonzero vector meson widths (T, # 0) considers
the two-cut approximation of the ff analytic properties and leads to the following factorized
expression
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where tg < (mZ—E?_) <ty (m?— -[;:l) > tin; W,, W, are the pole positions of vector mesons
in the W-plane and Wy is the normalization point corresponding to t=0. The first term (that
in front of square brackets) completely determines the asymptotic behaviour of F(t) and the
second one (in the square brackets) describes the whole complicated ff resonant structure in
the time-like region and for ¢ — oo it becomes a finite real constant.

" UA-VMD model for pions and an evidence of p"(2150) by J/¢ —
ntn— decay.

The decay of J/i — nx~ is pure e.m. if G-parity is conserved by strong interactions and
consequently one can extract an information on |Fx(m3)| from the latter by using the relation
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In an optimal description of all existing pion ff data by the UA-VMD model with v = p, p’, p”
(2]l parameters are left to be free) an existence of two excited states of the p(770) meson is
demonstrated ¥ (see Fig.1) to be simultaneously consistent with the space-like and time-like
ff data unlike the results by A.Donnachie and H.Mirzaie 10) who have obtained the latter
information just from the time-like e*e~ — w7~ data. However, two DM2 points 11) and the
last time-like point obtained 12) from J /1 — nt7~ decay are not described (see Fig.1) very well
by the theoretical curve predicted by the pion ff UA-VMD model with p(770), #'(1450), p”(1700)
only, thus indicating that a higher mass isovector vector state cannot be neglected. Really,
considering another vector meson in the pion ff UA-VMD model and repeating the analysis of
the same data (again parameters are left to be free) one finds a strong evidence (see Fig.2) of
the third excited state of the p(770) meson with resonance parameters m,» = 2169 + 46 MeV
and I'ym = 319 & 136 MeV. Moreover, the predicted value |Fy(m3)|= 0.1091 by the UA-VMD
model for the pion e.m. ff with three excited states of the p(770) meson is through the relation

[F(), 4

LI/ — wta7) =

1 .
DI/ — w¥a™) = 2N mYPTI/$ - whu”) (5)
in a perfect agreement with existing experimental I'(J/ — ntx~) and I(J/¢ — ptpu~).

Prediction of the inequality oi(eTe™ — ni) > oy(ete™ — pp)
The e.m. structure of nucleons is completely described 7 by the following four e.m. ff’s

t

GHY) = [RU)+ FO)+ o0 + F(0)
W) = (R + o)+ IF0) + ) (©)

GhO) = [R()- RO+ R0 - E)

GR(t) = [F}()— Fy(O)+ [F30) - F(0)] ™)

where F{(t), F3(t) and Fy(t), Fy(t) are isoscalar and isovector parts of the Dirac and Pauli
nucleon e.m. ff’s, respectively, to which directly the UA-VMD model (3), however with a
changed a.sgm totic behaviour, can be applied. Unlike the analyses carried out in ) here the
071 rule 13-19) 44 strictly taken into account and all ¢-meson contributions are neglected.
Consequently, the isoscalar e.m. ff’s are saturated only with three w-mesons 16) and the
isovector e.m. ff’s contain all known isovector vector mesons i.e. p(770), p'(1450), p"(1700) and
p"(2150).
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Fig.2. A strong evidence of the third excited state of the
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Fig.1. A der.no?stra.tion of the existence of two excited states of the p(770) meson in an optimal
description of all existing pion e.m. ff data by the UA-VMD model.
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c F , Each free parameter of the model is fixed in an optimal description of 356 reliable exper-
230: a imental points on proton and neutron e.m. ff’s for t €0 and 12 data on oy, (ete™ — pp) for
e ¢ " “ 3.610 GeV? < ¢ < 5.693GeV?. Then, finally the behaviour of gy (e*e~ — n#), for which there
Z I \nf is no experimental point at present, is predicted to be considerably larger (see Fig.3) than |
RS 20: : “ awi{ete™ — pp) just above the nucleon-antinucleon threshold.
i \ |
s 1
g S \ : One photon e.m. corrections to strong J/i¥y — NN decay ampli-
St ! L ’ tudes.
Yok ; \ v The decay J/yy — BB (B being a member of the baryon octet) is currently assumed to
‘g S ‘\ ] ) proceed in the lowest-order approximation through the three graphs presented in Fig.4 and its
& | \ g ‘ integrated decay width is given 17 by the following relation
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tGev o ‘ where = (1 — (4m}/M3))*/% Np = (:’6—’5'—‘)3f¢f3, fo = 0.26 GeV is the decay constant

of J/¢; fg an overall normalization consta.nt to be calculated from the J/¢p — BB data,
and T, L are squares of helicity amplitudes for a polarized J/¢ having helicity A = 0 or
A = £1, respectively. Then an interesting question arises: what is the rate of . e.m. corrections

Fig.3. The nucleon e.m. structure UA-VMD model prediction for dlete = nn) > o lete” —
pp) just above the nucleon- antinucleon threshold.

_L 8 8 ‘8 B i represented by graphs (b) and (c) to the dominant direct hadronic decay given by graph (a).
Graph (b) gives 18)-20) 5 contribution proportional to the leading amplitude (a), where the
proportionality factor is
= (—4/5)(ae/,)Qp ‘ 9)
C ¢ with Qp defined as the charge of the final baryon B.
= As for the one photon e.m. decay graph (c), it gives different contrlbutlons depending on
Iy , whether T or L is involved. The corresponding ratios of amplitudes of graphs (c) to (a) are as

follows

(a) (b} (c)

' a|GE (M2)] M2\2 '
- . . . 6y = MY (—ﬁ) (10)

Fig.4. The lowest-order graphs for J/9 — BB decay. (a) a dominant direct hadronic decay. (b) T 4072a335(1 + mL/M2)\ [z
the direct electromagnetic decay. (c) the one-photon electromagnetic decay. | GE( M2)| ( M? ) 2

. 6 =
. —— LT 20x%a335(1 + mE/ME)\ [z

(11)
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> 10 ’ }’ Now, using the overall normalization constants for protons and neutrons 17), fp =0.00480
c g GeV? f,, =0.00488 GeV?, the QCD running coupling constant o,(M3)  0.25 and values of
o ;’ the electric and magnetic nucleon ff’s at t=M} as they are predicted by the UA-VMD model,
E 05 \ one gets (see Table 1) surprisingly large one photon e.m. corrections to the J/y — pp and
— T e g g
¥ 3 J/ — na decay processes.
& o ] J
u g Table 1:
Q Author pp na
Z-05 . I
o« ’ CARIMALO*Y) | 6;=0.065; &,=0.047 | 6r=0.047; &é,=0
g ‘ OUR RESULTS | 6;=0.104; 6,=0.207 | 67=0.303; 6.,=0.719
Qa '1.0 " 1 ) PP 1 4 . —-
0 SO 100 150 200 50 The polar angle as¥mmetry parameter behaviour for ete™ — NN.
t Gev : Brodsky and Lepage )| assuming in QCD the spin of the gluon to be 1 and using the
Fig.5. A prediction of the polar angle asymmetry parameter behaviour for e*e~ — pj and helicity selection rule, have predicted the following angular distribution
_e+?~ — nfi processes. | da(e+e‘ N NN) ol dcos?d (12)
dcosd
5



for nucleons in the asymptotic region of energies, where the quark and nucleon masses can be
neglected. In the finite energy region relation (12) takes the form

do(ete — NN)

2
g 1+ a(t)cos*d (13)

where a(t) is called the polar angle asymmetry parameter.
Using the behaviour of the nucleon e.m. ff’s predicted by the UA-VMD model, we show the

a(t) behaviour in a perfect agreement with QCD predictions in the asymptotic region. Really,
integratig over ¢-angle in the relation

d +e~ NN 2 AM?
o(e edQ—> ) - 04[:1\/ [T|GE,23in719 +1Gu P + 603219)] (14)
one gets
do(ete- -+ NN 2ral
= dcos?d ) = 7:112 ﬂﬂ(th}“’l2 +4AM?|GEP)1 + a(t)cos?d) (15)
where

® tGp|? — AM?|Gy?
o = —_—_—— v

tGum|? + AM2?|GE)?
The predicted behaviour of o(t) for protons and neutrons is given in Fig.5, from which one

can see that first, o(t) ‘asymptotically approaches unity as predicted by QCD and, second, just
at that value the perturbative QCD starts to work as well.

(16)
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“ﬂyﬁﬂwqxoaa A. 3 , ﬂyﬁHMHKa Conls i e L"»,3 L E2-91-171
- ~HoBble ripepAcKasaHua yHMTapHon m aHanMquecxon . SO Lk
i BMﬂ Moaenw Ang 3neKTp0MaFHMTHOM CTPYKTYphI aaponoa

- B paanx waTapHow 7] aHanMquecxow BMA mogenn npoananwaupoaanu Hoaue
;aannue no J/¢ > w'n’ BMeCTe CO'BCEMA CYLECTBYIOUMMA AAHHLIMA M0 MUOHHOMY

7 " dopmbakTopy. B peaynbTaTe nony4éHo AOKA3aTenuCTBO CyllecTBOBAHMA TpeTbero -

:faoaﬁymaeHHoro COCTOﬂHMﬂ p(770) Me3aoHa ¢ napameTpaMM Myess = 2169146 MaB

n rp,.;- 319+136 MaB. OAHOBDEMeHHHM aHanua ecex Hauemﬂux ¢opM¢aKTopoa npo-
VTona ¥ HeATPOHA B NPOCTPAHCTBEHHO-NOAOGHON 0GMAcTW M AaHHMHX TOTANbLHMOrO ce-

: . 4EHUA - INEKTPOH= no3nTpGHHON aHHUIUNALMKA B napy nDOTOH aHTUNPOTOH, NpeacKa-=

“ 3nBaeT. B paMKax - -TOW :Me MOAEeNY HeoMMAaHHOe HepaBeHCTBO g, (e*e > nn). >>
Sevia, (eter Pp) " Haa NOPOroM HyKMoH- aHTUHYKAOHA W Taxme nony4anTca He= .
OMMARHHO Gonbune 0AHOGOTOHHbIE KOPPeNsuMM K aMnNNNTYAaM CANLHOMO  pacnapa’
d/p-> pp v 3y > nn. BHHMCHEHHO& noBeAeHWe NapamMeTpa. aCUMMETpUM. YrnoBoro :
' -pacripefeneHus B ripoueccax-e*e’ '+ pp n-e‘e’ - nn Haxouurcn4a xopowem corna-. -
.cm ¢ npeacxaaannﬂMw _cneayouuMa 13 KXﬂ ! L R T F RN

- PaSOTa aunonHeHa B ﬂaﬁopaTopmw Teopequecxon ¢u3nxn OMHM DR

- nfpenpmﬁ O6%emuieHOro MHCTUTY Ta nnepnuxnet‘:neixonyauuﬁ. Dy6ua 19'9'1~ B
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