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In our previous paper/1/ the normalized (at t = O,i.e. Qy = i)
and analytic pion form factor (ff) model
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with an elagtic cut from t = 4mr to + oo has been congtructed
from the VMD parametrization
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where m. means the mass of vector mesons and t = -Q? is the

photon four- momentum transfer squared. First, the psrametrization
(2) in the pion c.m. momentum variable

a = [(6 - so2)m ]2 | (3)

has been transformed as follows
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then by using the well-known properties of Padé—type approxima-
tions/2'3/ the contribution of the so- called left-~-hand cut/4’5/

from the second Riemann sheet through the normalized factor in front
of the sum in (1) has been included, and finally the nonzero values

of vector meson width by means of the change (er = 1)

, 1/2
gt Gyp —> Gy = ([(my = 1[/2)%- 4] /] (5)

have been incorporated. The latter caused a shift of VMD poles

from the real axis into the complex conjugate pairs of poles placed
on the second Riemann sheet, which is generated by the square-yoot
two-pion-threshold branch-point. The asymptotic behaviour of (1)
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coincides incidentally with the quark counting rules prediction
for the pion ff and it cannot be changed without any generation
of additional singularities. Furthermore, none of the inelastic
contributions are included into the pion ff model (1). So, even
when there is a quite good description 1 of all existing pion ff
data/8_1o/ by means of the parametrization (1) (X?/ndf = 531/282)
in comparison with earlier analysed Gounaris-Sakurai type models
/11’12/, one can expect further improvement of the description of
the same 293 experimental data points if inelastic contributions
are taken into account in some way and.a freedom in the choice of
the asymptotic behaviour of the pion £f model is granted.

In this paper we realize the latter by using the inverse Zhu-
kovsky transformation
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for the first time used/13/ in the pion ff problems more than ten
years ago. Really, the transformation (7) generalizes our approach
in ref. 1 by introducing another square-root branch-point

2
Cine1 = % (ql + 1) (8)

the position of which will be left as a free parameter. As a con-
sequence it will simulate inelastic contributions effectively and
in a fitting procedure the data themselves will take as much ine-
lasticity as they need.

Moreover, the same transformation of (4) in W-variable sing-
les out a common normalized factor for all vector mesons in (4) 5y_
means of which a gpecific freedom im the choice of the pion ff
agsymptotic behaviour is possible to settle.

Now in detail. First, from (7) the relation
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" Then substituting (9) - (11) into (4) one gets
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or equivalently

(13)
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where the pion ff asymptotic behaviour (6) is ensured by the power
"2" of the common normelized factor in front of the sum. Really,
for t—> * ©o on the first Riemann sheet, W —> -1 eand as a
consequence all terms under the sum in (13) .are,.in the limit
t— % oo, constant. On the other hand, the relation (9) provides
- , W
Q=2iq,— (14)
1 1 - w2
from which it is straightforward to see that gq-~-(1 - Wz)_1l tptoa
and t~ (1 - Wz)—Z , t_’toa, or vice versa, (1 - W°) &~ 1/t fydoos
So, the transformations (3) and (7) with a subsequent change
of the power "2" in the term placed in front of the sum in (13)
to an arbitrary positive integer M, which makes M-fold zero of the
ff parametrization at infinity aend does not change the ff analytic
structhre, lead to a very spontaneous generalization of the asymp-
totic behayiour (6) of VMD model (2) as follows
~M/2
th(t) ~ t It‘)fo" . (15)
Further arrangement of (13) depends on the vector meson mass
values in comparison with t. « If we take into account an expe-
. inel /14/
r;ence from the previous-pion ff analysis one can expect that
mt < t. jand m m2n > tinel’ As a result,
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and the relation (13) can be rewritten into the following form
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which is very suitable for an incorporation of nonzero values of
the corresponding vector meson resonance widths. The latter is
carried out by means of the change '5) and Wvgavwv with a subse-
quent shift of VMD poles from the real axis always into two complex
conjugate pairs of poles for every resonance as follows: the poles
corresponding to J0(770) meson are placed ‘on the gecond and fourth
Riemann sheets and the poles corresponding to ‘P (1250) and-P (1600)
are placed on the third and fourth sheets of the Riemann surface.

If we take into account the left~hand cut contrlbutlon/4 5/ by
a normalized factor consisting of one pole and one zero on the po-
pitive real axis inside the unit circle which corresponds to the
negative real axis of the second Riemann sheef in t-variable, we
finaily obtain the real analytic pion ff model
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tic contributions by one effective inelastic cut in a reasonable
approximation, through the power M of the first term in the right-
~hand side it provides a freedom in the choice of the asymptotic

behaviour and depends just on the physical parameters me r; ’
/f (v —fff ) s tie3r My Wp , W, , for which there is a
restrlctlon

Z:(fva'cn/f ) =1 (19)

v=gei0"

following from the normalization condition of (18). In order to
evaluate these parameters from existing pion ff data/8-1o/ numeri-
cally, the isospin violating omega two-pion decay contribution to
e*e"» T'F is in the corresponding cross section teken into account
by means of the Breit-Wigner~form term as follows

G-(e+e‘+ 7 tor™y _WOL (3 Fx[h'(t)] + Reld’

l, (20)
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where
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o = 1/137 is the fine structure constant, (5 =[1 -z ]
is the velociry of the outgoing pion and the phase 4) is given
through theJD and ¢ mesons parameters by the eJ{'prest:«!ion/1 5/
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We find .,that with (18) the 293 pion ff data points/a_m/ are
well fitted with X 2/ndf = 456/281 giving

mg = 762% 2 MeV, fg= 14313 Mev,
mg = 1301 £25 MeVy
mg' = 1749 *

fonz/f; = 0.932% 0.061

3= 1212 €0 MeV,

122 MeV, [= 830%290 MeV, fgrr/fg = 0.065 *0.008 (2
ty g1 = 1-44%0.02 GeVS R = 0,0138 *0.0034

W, o= 0.60 10,03, HP = 0,87%0,06.



By using the relation (19) and (22) one can calculate the values of
f /f ) and as follows
ik e N

£ox /T = 0.003 . (24

¢ - 106.4° (25)

The value (24) indicates a very weak coupling opr/(1250) to- two
pions and there is a question of a presence ofdo/(1250) in
e+e7ﬁ957fr'at all. In order to solve this problem, we have fitted
the same pion ff data by means of (18), however without the term -
corresponding to P ’(1250) and leaving there only the contributions
ofJo (770) and.jo”(1600). The obtained results are as follows:

X 2/ndf = 539/284

mg = 761%.2 MeV, fe = 152%3 ey, fomn /T = 0.934% 0.053
mg' = 1752 % 106 MeV, l§= 821% 265 MeV, . @6)
tiner = 1481 0.02 Gev3 R = 0.0143 * 0.0026
Wy, = 0.23:0.02, Wp = 0.28%0.03-

The values of T T /fp” and Cﬁ calculated from (19) and (22)
respectively are the following:

o
f?mﬂﬂ/j;\au = 0.066 and 4) = 106.2 . (27)

Comparing the values of paremeters (23) - (25) with the values
given by (26) and (27) one can see their consistency. However
missing out the resonance‘fl(1250) in (18) the value of 7£2ia
increased by a -value of about 80 in describing the same number
of pion ff data points. The latter clearly shows that the inclusion
of Jp’(1250) esgentially improves the description of the data and
simultaneously confirms the presence of this resonance in efei¢zr{r1

We are indebted to Dr. Pavel MAsier for the help in correct
numericel eveluation of the parameter errors.
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[popmdaxkTopa muona. Chauana BMl mopene npeoGpaiyoT B NepemeHHY® MMNYNbCa MNUOHA

NOATBEPKA3ETCA nNpUCYTCTBME p 2(1250) mesona B e*e"+n'n"

AyGumuxka C., G®ypank H., Mewepaxos B.A.
MoauduymuposaHHana TpexnonocHaa BMA mogens 3neKTpOMarHWTHOrO
PopmPaKTOpa NUOHA C ABYMA TOWUKAMW BeTBNEHWUA

E2-87-433

Npepnowena moguduKaynma TPexnoswocHOM BMI mMopenu gNA 3NEKTPOMArHWMTHOrO

B CHMCTeMe UEeHTPa Macc WM NOTOM, ucrnonb3ays obpatHoe npeobpaszosaHue XykoBckoro,
8 APYryn fepemeHHyn. B peayneTarte nonyvaeTcAa ANR BCeX Tpex BEKTOPHHX Me30HOS
p(770), 2 (1250) w p” (1600) ObwMi HOPMAPOBAHHBIA MHOMMTENb, NPM NOMOWM KOTOPO-
ro mouHo obecneunTb NPom3BON B BuEOpEe acCHMNTOTHMUECKOrO NOBEAEHUA NUOHHOIO
®OpMPakTOpa. flBHOE BKNOUEHWE HEHYNEBuX WMPHH BEKTOPHHX ME30HOB NOpPOMAaeT
peanbHy O aHaNUTHUYECKYD MOAENb, OMPEAENeHHYI Ha YeTHPEXNMCTHOMN NOBEPXHOCTH
Pumana. OHO aPdeKTuBHbM cNOCOBOM yunTuiBaeT BKNags HeynNpyrux KaHanos, 3aBUCHT
TONLKO OT NApaMeTpOB C ABHbIM PUIUUECKUM CMBICNOM, COXPAHRET HOPMUPOBKY MCXOA~
HOM BMJfl napameTpu3aymm M A3eT MNPEBOCXOAHLIA PUT BCEX CyWECTBYIOUWMX AAHHBIX NO
NUOHHOMY (OpMOPaKTOpPY, B KOTOpOM BCE napameTpoi Monenu ONpPeaenAnTCA U TEM CaMbiM

PaBora suwnonHewna B JlaBopatopun Teopertuueckon omankm OUAK.
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Dubnic¢ka S., Furd(k 1., Meshcheryakov V.A. E2-87-433
Modified Three-Pole VMD Model with Two-Branch-Point
Analytic Structure and Approved Asymptotic Behaviour

for the Pion Electromagnetic Form Factor

A modification of three-pole VMD model for electromagnetic plon form
factor was carried out, first by means of Its transformation Into the pion
c.m. momentum variable and subsequently by using the inverse Zhukovsky trans-
formation into another variable. In such a procedure a common normallzed fac-
tor for all three vector mesons, p (770), p*(1250) and ¢~ (1600), Is singled
out, by means of which It is possible to settle a specific freedom In the
choice of the plon form factor asymptotic behaviour. An explicit Incorpora-
tion of nonzero vector meson widths creates a real analytlc model, deflned
on the four-sheeted Riemann surface. It includes inelastic contrlbutlons
effectively, depends just on the parameters with a clear physlical meanling,
conserves the normaljzation of the original VMD parametrization, and provi-
des a perfect fit of all existing plon form factor data, [|n which all para-
meters of the model are determined and the presence of » *(1250) in ete~+ o'~
Is agaln established.

The investigation has been performed at the Laboratory of Theoretical
Physics, JINR. .
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