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Abstract
A model independent formalism for the electron positron annihilation reaction e™ + e~ —
a1(1260) + 7 has been derived. The differential and total cross sections and the elements of the
spin—density matrix of the a;-meson were calculated in terms of the electromagnetic form factors of
the corresponding y*am current. Simple models of a; form factors have been fitted to the available

cross section data and they allow to give numerical predictions for the different observables.

PACS numbers: 12.20.-m, 13.40.-f, 13.60.-Hb, 13.88.+¢



I. INTRODUCTION

The electron positron annihilation into hadrons constitutes an important source of infor-
mation on the internal structure of the mesons: the light quarks and their interactions as
well as the spectroscopy of their bound states. The experimental data about these reactions
in the low—energy region are also relevant to the determination of the strong interaction
contribution to the anomalous magnetic moment of the muon, to the test of standard model
predictions for the hadronic tau—lepton decay, which is related by the conservation of vector
currents.

Recently, the construction of the new detectors with a large solid angle, which can operate
at new colliders with high luminosity, opened new possibilities for the investigation of the
reactions et + e~ — multihadrons [1]. Not only the statistic is highly increased, but also
the possibility to detect charged as well as neutral pions allows to draw conclusions on the
nature of the intermediate states.

In the energy region 1 < W < 2.5 GeV (W is the total energy of the colliding beams)
the process of four pion production is one of the dominant processes of the reaction e* +
e~ —hadrons. Its cross section is larger than 27 production and comparable to et + e~ —
pt +u.

The process of ete™ annihilation into four pions was firstly detected in Frascati [2] and
later on in Novosibirsk [3]. Through a simultaneous analysis of the differential distributions
in two final channels: 27727~ and 777~ 270 it was shown in [1] that the reaction pre-
dominantly occurs through the a;(1260)7 and wr® intermediate states in the energy range
1.05-1.38 GeV. It was also found that the relative fraction of the a;(1260)7 state increases
with the beam energy. The measurement of the ete™ — n#t7 777 cross section was ex-
tended to lower energies. Data obtained with larger statistical and systematic precision
[4] confirmed that the dominant production mechanism is consistent with the a;(1260)x
intermediate state.

The process of the multihadron production at large energies was also investigated with the
BABAR detector at the PEP-II asymmetric electron—positron storage ring using the initial—
state radiation [5]. In particular, the cross section for the process ete™ — 7 771~ was
measured for center—of-mass (CMS) energies from 0.6 to 4.5 GeV, providing evidence of

a resonant structure, with preferred quasi-two-body production of a;(1260)w. A detailed



understanding of the four—pion final state requires also information from final states such as
aTm 7070, to which the p*p~ intermediate state can contribute. A summary of the hadronic
cross section measurements performed with BABAR via radiative return is given in Ref. [6].

In this paper we consider the reaction

e (k1) + e (k2) — ai(p1) + m(pa), (1)

where a; is the axial-vector meson a; (1260) with the following quantum numbers I¢(JF¢) =
17(1*%). The notation for the particle four-momenta is given in brackets.

The determination of the pseudoscalar—-meson FF's as pions and kaons requires only cross
section measurements. They have been extensively studied both in the space-like and time—
like regions (see, for example, [7]). Light vector mesons are less known, because their
experimental determination is more difficult, due to their short lifetimes. However, the ¢
dependence of the cross section for diffractive vector-meson electroproduction gives (model-
dependent) information on the charge radius, and radiative decays, such as p* — 7770y,
allow to obtain their magnetic moment.

From the theoretical point of view, the processes of the vector— and axial-mesons pro-
duction in the electron—positron annihilation were considered in a number of papers. The
predictions for the differential and total cross sections of the reaction ete™ — ai + 7 ¥ was
given in Ref. [8] in the framework of the hard-pion current algebra models.

It was shown that the reaction cross section alone could be, in principle, discriminative
toward models. Using VMD model, the authors of Ref. [9] investigated the reaction ete™ —
mesons assuming two—body (or quasi-two—body) final states, as a;(1260)7 and p*p~—. All
FFs were taken equal to unity. Estimations of the cross sections of the processes ete™ — 3,
47 were also obtained, using the VMD model, in Ref. [10].

It appears that the magnitude and energy dependence of the cross section alone can not
constitute a decisive test on the validity of VMD models. A recent discussion can be found in
Ref. [11], where existing models [12-14] have been phenomenologically modified, including
parameters to be fitted on the data. A good description of the cross section is obtained
assuming a7 intermediate state, in addition to p and 7, and including higher p resonances
for energies over 1 GeV.

Due to the conservation of vector current the cross section of the ete™ — 47 process can

be related to the probability of the 7 — 47y, decay. Therefore, all realistic models describing



the first process, should also be applicable to the description of the latter one. It was found
[15] that the assumption of the a;(1260)7 dominance is in qualitative agreement with all
available data. The free-parameter investigation of the branching ratios and distribution
functions of the four particle decay of 7 — pmmr, in terms of the effective chiral theory of
mesons, is consistent with the data [16]. The theory predicted the a; dominance in these
four particle decay of the tau-lepton.

The purpose of this paper is to calculate the differential (and total) cross sections and the
elements of the spin—density matrix of the a;-meson in terms of the electromagnetic form
factors (FFs) of the corresponding y*a;7 current. A model independent formalism, derived
in [17] for spin one particles, and applied to the process e™ + e~ — pt + p~ in [18], allows
to express the experimental observables (differential cross section, polarization observables,
elements of the density matrix..) in terms of hadron FFs. In annihilation reactions, these
FFs should be known, or extrapolated from the space-like region into the time-like (TL)

region, on the basis of analytical arguments.

II. FORMALISM

The following derivation is based on the one-photon exchange mechanism. In principle,
at large ¢2, one should take into account the two—photon—exchange contribution, as it was
suggested a few decades ago [19]. In case of spin one particles, model independent properties
of the two—photon—exchange contribution in elastic electron—deuteron scattering have been
discussed in Refs. [20, 21]. However no experimental evidence has been found, up to now,
on the presence of two—photon—exchange in the scattering [22] as well as in the annihilation
channels [23], and we do not include such contribution which makes the formalism very

complicated.

A. The spin structure of the matrix element

In the one-photon approximation, the differential cross section of the reaction (1) in terms

of the hadronic, W, and leptonic, L,,, tensors, neglecting the electron mass, is written as

uvs
do o? p I
a0 F v s W (2)



where o« = 1/137 is the electromagnetic constant, p = \/(q2 +m? — M?)? — 4m?q%/2W is
the final-particle momentum in the reaction CMS, m and M are the masses of the pion and of
the a; meson, respectively. The four momentum of the virtual photon is ¢ = k1 +ks = p1+po,
with ¢ = W2, and W is the total energy of the initial beams (note that the cross section is
not averaged over the spins of the initial beams).

The leptonic tensor (for the case of longitudinally polarized electron beam) is
Luy = =@ v + 2(k1ukay + koukiy) + 200 popkioka, (3)

where ) is the degree of the electron beam polarization (further we assume that the electron
beam is completely polarized and consequently A = 1).

The hadronic tensor can be expressed via the electromagnetic current .J,, describing the
transitions v* — may, as follows

W = JuJy. (4)

The hadron tensor W,, can be expressed in terms of FFs of the v* — ma; transition,
using the explicit form of the electromagnetic current .J,. The spin-density matrix of the
a,;— meson is composed of three terms, corresponding to unpolarized, vector and tensor
polarized meson:

PiuP1v i
Puv = — <g“” N ]l\t/[Q ) + QMSI“’pUSppla + SQMV' (5)

Here s, and @, are the a;— meson polarization four vector and quadrupole tensor, re-
spectively. The four vector of the a;— meson vector polarization s, and the a;— meson

quadrupole-polarization tensor (), satisfy the following conditions:

32 = _]-a Sp1 = 07 QILV = QVIU QMM = 07 leQl“/ =0.

Taking into account Eqs. (4) and (5), the hadronic tensor in the general case can be

written as the sum of three terms
W/u/ — W;w(o) + WMV(V) + WMV (T)’ (6)

where W,,(0) corresponds to the case of unpolarized particles in the final state and

W, (V) (W, (T)) corresponds to the case of the vector (tensor) polarized a; — meson.
These expressions are general, for any spin one particle in the final state. Let us consider

more particularly, the reaction et + e~ — 7 + a; which has been shown to be the main

contribution to the 47 final state.



The electromagnetic current of the v* — ma; transition is described by two FFs. Assum-
ing the P— and C-invariance of the hadron electromagnetic interaction this current can be

written as [10]

Ju = () (@PU; —q-Uqu) + (@) (- p2U;, — - U'pay), (7)

where U, is the polarization four-vector describing the spin one a;—meson, and f;(¢?), (i =
1,2) are the electromagnetic FFs describing the v* — 7ma; transition (note that we singled
out explicitly the electron charge e from the expression for the electromagnetic current).
The FFs f;(¢?) are complex functions of the variable ¢? in the region of the TL momentum
transfer (¢ > 0).

In case of real photon, f; does not contribute, and the value f,(0) can be obtained from
the experimental data on the decay width I'(a; — 7y). The expression of the radiative decay

width I' in the axial-vector meson rest frame is

_1 w
w24 M2

IM?, (8)

where w is the photon momentum in the axial-vector meson rest frame, w = (M? —m?)/2M,
and the matrix element of the radiative decay is written as: M = ee,J,, where ¢, is the
photon polarization four-vector. So, the value of FF f, at point ¢> = 0 can be obtained
from the following expression

YR M3
f2 (U) - 1201(M2 . mg)g' (9)

Another estimation of these FFs was obtained in Ref. [10] where the processes ete™ — 3,
41 were studied. The spin structure of the matrix element of the a;pm transition is similar
to the y*ay7 transition. The two coupling constants describing the a;pm transition were
estimated by using the method of hard pions and knowing the width of the a;—meson (taken
about 130 MeV) [10]. The corresponding values: ¢g*/4r ~ 1.3 and 3 = 1.6 were obtained.
The following relations hold:

eh(e’ =m}) ==L efalq’ =m?) = L (5-1).
p p

The explicit expressions for the contributions to the hadronic tensor are:

- Unpolarized term W, (0):




W(q%) Qv - g

Wi (0) = Wi(a*) g + — 5= Prubro » G = G — T2 P TP

where
Wi(e*) = —la*fi + %(QZ — M +m’) ", Wald®) = & (1 + folP = M| A7), (10)

- Term for vector polarization W, (V):

W (V) = ﬁ‘fl(qZ)ewpsgqp + #%(QZ)[ﬁluguaapSQQUplp ~ PlEpaopSaldoPip] +
+%Vé,(q2) [PrucvacpSaloPip + P1oepacpSaloPip);
‘/'l(qQ) — —M2(q2 4 M2 o m?)—l‘qul 4 %(qQ - M2 4 m2)f2|2,
Vald?) = MR+ M2 = ) [@UAP + 56— M) o+
1

~(3¢% — M2 + m2)Ref1f;} ,

DO

1
Vi(q?) = —§M2q21mf1f2*, (11)

- Term for tensor polarization W, (T):

W;w (T) — Tl (q2)Q§uu + T2 (q2)%ﬁluﬁlu + T3 (QZ)(ﬁluQV + ﬁlu@u) +
T4(q2)élu/ + ZT5 (qQ)(ﬁluQV - ﬁlu@u)a (12)

where

A qu A A A qu9v ~ qvQa 9190
Qu - Q;wqy - _ZLQ; QuQu = 07 Quu = Quu + M4 Q - D) Qua - M—QQuaa
q q q q
Quuqy =0, Q = Qa,BQaQ6a
3
Ti(¢*) =0, Tao(q®) = 3M>?|fo|?, Tx(¢”) = 5(612 — M? +m?)|fo|* + 3¢*Re f1 5,

Ti(q®) =3l¢*fi + %(QZ — M? +m?) fo?, Ts(¢°) = =3¢*Imf1 f;. (13)

B. Expressions for the observables

Using the definitions of the cross section (2), of the leptonic (3) and hadronic (6) tensors,

one can derive the expression for the unpolarized differential cross section in terms of the

7



structure functions Wy 5 (after averaging over the spins of the initial particles)

do"™ a? p 1
_ _— r J_ 2 - 2 — 1=
9) 2q4W{ Wi(@) + 5 Wa(a) |7

(2q2 + M2 - mZ) )
(14)
where 7 = ¢*/(4M?), t = (k; — p1)? and uw = (k; — p2)?. In the reaction CMS this expression

can be written as

do"™ o® p .9
70 —4W(A+Bsm 6),
= l¢*fi + (q — M? +m?) fo|?, B = 21p%[¢*| fi + fol* — M| fo?), (15)

where 6 is the angle between the momenta of the axial-meson (p) and of the electron beam
(E) Integrating this expression with respect to the axial-meson angular variables one obtains

the following formula for the total cross section:

2o’ 1
(e = mm) = S B (0 M) o
+Hrp? (@ f1 + fo? = M2 )] (16)

Let us define an angular asymmetry, 2, with respect to the differential cross section, o2,

measured at = 7/2,

do.un

ds2

= 0,/2(1 + Rcos’0), R=—B/(A+ B). (17)

As it was previously shown in the case of e™ + e~ — d + d [17], this observable is very
sensitive to the different underlying assumptions on the axial-meson FFs and does not
require polarization measurements.

The differential cross section in terms of FFs f;(¢?) contains not only the moduli of these
FFs but also their interference (15). One can choose a linear combinations of these FFs, in
such a way that the unpolarized differential cross section will contain only moduli. Let us

introduce new FFs g;(¢?) which related to the old ones as follows

fi=g1+ g2, fo=cg+dgs, (18)

where ¢ = —2¢%/(¢*> — M? + m?), d = (¢* + M? — m?)/(M?* — ¢* + m?). Then the structure

functions W; describing the unpolarized part of the hadronic tensor can be written as

p'et
Wl(q2) = - (q2 — M2 — m2)2 ‘92‘2a (19)




7 2 M? 2
2 2 22‘91‘ T2 2 22‘92‘ :
(¢ — M? +m?) (¢ — M? —m?)

The cross section can be written, in the general case, as the sum of unpolarized and

Wa(q?) = 4p°¢*

(20)

polarized terms, corresponding to the different polarization states and polarization directions
of the incident and scattered particles:

do B do""

dQ - dQ

[1+P,+ AP, + AP, + P,.R,, + Py, Ry, + Py(Ryw — Ryy) + AP R, ], (21)

where P;, P;;, and R;;, i,j7 = x,y, z are, respectively, the components of the vector, tensor
polarization and of the quadrupole polarization tensor of the outgoing a;-meson @,,, in
its rest system and do""/df) is the unpolarized differential cross section. A is the degree of
longitudinal polarization of the electron beam. It is explicitly indicated, in order to stress
that these specific polarization observables are induced by the beam polarization.

Let us consider the different polarization observables and give their expression in terms

of the v* — a7 transition FFs.

e The vector polarization of the outgoing axial-meson, P,, which does not require po-
larization in the initial state is

p_1VT

V=3, [(q2 + M? —m?)* — 4M2q2] sin(20)Imfy f5, (22)
0

where 0y = A+ Bsin? . One can see that this polarization is determined by non-zero
phase difference of the complex FFs f; and fs.
e The axial-vector meson can be tensor polarized also in case of unpolarized initial

beams.

The components of the tensor polarization are

31 501, I 2 o
P, = —=—sin“0 ¢"f1 + =(¢° — M* +m?) fo| ,
40'[] 2
3 \/7 sin(26 1 2
Pee = 1—{752 ){2(q2+M2—m2) Ch+5@" =M +m)f) +
0

+ (@ + M =) — 40 E(q2 = M+ m?)| o + QQReflfg*} } !

— 31 1 2 2 2\2 2 2 2 1 2 2 2 2
Pee = §o i (¢*+ M2 —m?)? —AMP@P] 3Py 4 S (a® = MP o+ m®) | +
1
+3 sin? 0 [—q4|f1\2 + ¢*(¢° + 3M? — 3m®)Ref, f5+
3
+ (2020 = M) = 5@ =2 ) |} (23)

9



A possible non-zero phase difference between the axial-meson FFs leads to another
T-odd polarization observable proportional to the R,, component of the axial-meson
tensor polarization. It takes the form

3
P, = _iﬁ [(q2 + M? —m?)? — 4M2q2] sin0lm f, £ . (24)
0o

e Let us consider now the case of a longitudinally polarized electron beam. The other
two components of the axial-meson vector polarization (P,, P,) require the initial

particle polarization and are

11 .
P, = —Z\(j—[]_51n9{2q2(q2+M2 —m2)|f1\2+ {(q2_M2)2 —m4] |f2‘2+
N [q2(3q2 —2M? —2m?) — (M? — mZ)Z] ReflfQ*}a
11 9 1 2 2 2 ?
P, = ——COSQ‘(] fi+=(@ =M +m")fs (25)
20'(] 2

III. SPIN-DENSITY MATRIX OF AXTIAL-MESON

For unstable particles, the vector and tensor polarizations are directly related to the
angular distribution of their decay products; one can show that the angular distribution
can be expressed in terms of the spin—density matrix. Let us calculate the elements of the
spin—density matrix of the axial-meson which is produced in the reaction e™ +e¢~ — 7 +a;.
The calculation is done in CMS of this reaction.

In case of unpolarized initial lepton beams, the convolution of the lepton L,, and hadron

W, tensors can be written as

S =5,U0,U;, (26)
where U, is the polarization four-vector of the detected axial-meson and the S, tensor can
be represented in the following general form

S;w = Slguu + SZQ#QV + S3k1uk1u + 54(k1uQV + quklu) + Z.‘S"ci(kluqu - quklu)- (27)

The functions S;(i = 1 — 5) can be written in terms of the two transition FFs of the axial-

meson. Their explicit form is

1 2
Si = —¢ q2f1+§(q2—M2+m2)f2 ;

10



Sy = {qQ(q2 — M?) — i(q2 — M? +m? + 2Wpcos0)?| | f2]* +
+¢*(¢* + M?* — m?* — 2Wpcos )Ref f5,
Sy = =41 fL + %(q2 — M?*+m?®)f; 2;
Sy = 2¢* f1]* +2¢°(¢* — M?* + m?* + WpcosO)*Ref, f; +
(0 = M2 ) (g = M+ m? 4 2Wpeos )|l
S5 = —2¢*WpcosOImf, f;. (28)

The T—odd structure function Ss is not zero here since the transition FFs of the axial-meson
are complex functions.

The elements of the spin—density matrix of the axial-meson are defined as

m’) PiuPiv
Spmm’ - SpwU U S S;u/ < Guv + 1]1\2—21 > ) (29)

where S = 2¢*(A + Bsin?#), and U;(Lm) is the polarization four—vector of the axial-meson
with definite (m = 0,+£1) projection on the z axis. In our case it is directed along the
axial-meson momentum and thus Ul([”) are the polarization vectors with definite helicity.

The elements of the spin—density matrix of the axial-meson are
2 2

q
Pr+ = P = 2S(l+cos 0)|¢° fr + (q - M?+m*)f
4
1
Poo = ]\/_CIIQS singﬁ{z(q2 + M? —m?)?f1]* + [2]02612 + M?*(¢* — M? —|—m2)] Refif5+

+Hm*M* +p’*)| o},
2

pie = poy = oo sin® 2
- T P+ T g

Y

1
f1+ §(q2 — M? +m?) fy

4 7 M2 _m2
Pro = ?S‘ —sinf cos {(q2 + M?* —m?)|fi]* + (1 - T) [(QZ + M? —m*)Ref, f3+
1 *
+§(q2 - M? - m2)f2|2} + 20 fufy } :
p—0 = —p+0, Po+ = Plos Po— = Ply- (30)

The spin—density matrix is normalized as Trp =1 or p.4 + p__ + poo = 1. The element p,q

is complex and the real and imaginary parts are written as:

4 2 2
¢ T 1 M*—m
Rep g = 5 s1n9€0s9{(q2+M2—m2)|f1|2+§(1—T>
1 M2 — m2)2
(q2 - M? —m2) 2?4+ 2 [3(]2 —2M?* - 2m® — ( 7 ) ] ReflfQ*}
Pt [T
Impyy = 5 Esin 20Imf f5. (31)

11



Let us consider the case when the electron beam is longitudinally polarized. Then the

convolution of the spin—dependent part of the lepton and hadron tensors can be written as
S(A\) =S,,\NUU,, (32)

where A is the degree of the electron beam polarization and the S, () tensor can be written

as
S/w()\) = Qleuua,@klakZB + QQ (qMaz/ - QVau) + Q3 (q“au + QVau)a (33)
where a,, = €,08,Pak1k2y, P = p1 — p2. The structure functions @Q);(i = 1 —3) can be written

in terms of the two transition FFs of the axial-meson as
2

Ql — —QZ)\ ,

1
¢’ fi + §(q2 — M?+m?)f,

Q2 = —2iARe [qul + %(q2 - M* + m2)f2} f,
Qs = 2X\¢°Imfyfs. (34)
The T-odd structure function ()3 is not zero since FFs are complex functions in the TL
region.
The elements of the spin—density matrix of the a;-meson that depend on the longitudinal

polarization of the electron beam can be defined as

1

and they are expressed in terms of FFs as
2

pir(A) = —p-—(A) = %(f cosf ¢ fr + %(QZ — M2 +m?)fy|
poo(A) = pi—(A) = p-4(A) =0,

prold) = —y[Zatsind {(¢? + 27 — ) i+
s (1 S m) (@24 M~ mRefi f3 + 3 (0 = M2 = m) o] + 2p2f2f1*} ,
po+(A) = pio(A), p-o(A) = pso(A), po-(A) = pZe(N). (36)

The spin—density matrix element p,o()\) is a complex quantity and its real and imaginary

parts are
T . 1 M? — m?
Repa(h) = =y 3atsin0 { @+ 372 =) i+ 5 (1= 222 g - e )
1 M? — m?)? .
+3 l(3q2 —2M?* — 2m® — %1 ReflfQ} :
A
Impyo(A) = g\/?p2q4 sinflm fy f5. (37)

12



The axial-meson FFs are complex functions in the TL region. So, for the complete deter-
mination of FFs it is necessary to measure three quantities: two moduli of FFs and their
phase difference. Therefore, the measurement of the unpolarized differential cross section
does not allow to determine completely FFs. It is necessary to determine the spin-density
matrix elements of the produced axial meson measuring the angular distribution of its decay
products.

The measurement of the angular dependence of the unpolarized differential cross section

allows to determine the structure functions A and B. So, one can determine the following

ratio
B 2 M?
R, = 222];42 [1—1—27“(:05&—1—(1—?)7“2]
-1
2 _ )2 1 2 _ )2 2
1+ (1+ 2= Y reosa+ - (14 22 42 : (38)
q? 4 q?

where r = |f3|/|f1| and « is the relative phase of two complex FFs f; and f, defined as
follows: o = a3 — ao, where a; = Argf; and ay = Argf,. Thus, Eq. 38 contains two
unknown quantities: o and r. Another equation for the determination of these quantities
can be obtained, for example, from the following ratio of the spin-density matrix elements

of the produced axial meson

1
R, = ppﬂ — 87 {Z(QZ + M?* —m?)? + [2p2q2 + M?*(¢* — M?* + mZ)] 7 cos a+ (39)
+_

1 -1
—i—(m2M2 +p2q2)r2} [q4+q2(q2 - M2 +m2)TCOSOé+ Z(QZ o M2+m2)2r2} )

And, finally, the phase difference o can be determined by fixing the sign of sin a from the
measured spin-density matrix element Impy,. Note that the complete determination of
two complex FFs f; and f; does not require the polarization of the initial beams. The
measurement of the angular distribution of the unpolarized differential cross section allows
to determine the structure functions A an B separately. Knowing the ratio r, one can

determine the moduli | f;| and |fs|.

IV. NUMERICAL RESULTS

VMD inspired models have proved to be very successful in describing the structure of

hadrons. Such models contain a small number of parameters, with transparent physical

13



meaning, and can be analytically extended to the full region of momentum transfer squared.
A monopole-like behavior reproduce quite well the existing experimental data on pion FFs,
and satisfies pQCD asymptotic [24]. In order to predict the behavior of polarization observ-
ables, we suggest a simple model for the a; transition FFs, in TL region.

We used a simple VMD-based parametrization saturated by vector mesons. The contri-

bution of one vector meson is given by the Breit-Wigner form
C,.:M, ,
= ’ . ; U= 17 2:
M? —q¢?> +iM,T,

where M, and I, are the mass and the width of a vector meson carrying the interaction.

Afi

(40)

In general one should introduce all allowed vector mesons, but, as shown in Refs. [11, 25],
the largest contribution to the cross section is given by the p(770), p'(1450), and, at higher
energies, p” (1700). We consider only data for the total cross section at energies above the a7
kinematical threshold, which have been compiled from Refs. [5, 26-28]. The experimental
data [5] show a clear contribution from .J/¢ around /s = 3.01 GeV. We excluded the
corresponding (four) data points from the fit. The final form of our parametrization of the

two v*may transition form factors
= Cote  CouiMy _ Crully i=1,2.  (41)
Mp2 _q2+ZMpr Mp?l _q2+ZMpIFpI ngy —q2+Z.Mp7’pr, !

Such parametrization has, therefore, in total six parameters: three normalization constants,
Cri, Cp i, Cpn i for each FF.

The result of the fit for the available data on the total cross section of the efe” —
ntr rtr process from [5, 26-28] is shown in Fig. 1, and corresponds to x?/ndf =
455/154 = 2.9. The different sets of data points are quite dispersed, especially in the
region of the maximum. The resulting normalization constants are given in Table I. The
v*ma; transition form factors (moduli) are presented in the Fig.2. Peaks can be seen in
correspondence with the masses of the chosen vector mesons. For |f5|, one can see a bump
around ¢ = 4 GeV?, which results from the interference of the different terms.

Figs. 3, 4 show the vector and tensor polarization observables. One should note here that
the vector polarization of vector mesons can not be measured through their decays which
are driven by strong and electromagnetic interaction with conservation of P-parity [29]. Fig.
5 shows the predictions for the density matrix elements. These quantities can be quite large
and show a particular behavior, which can be experimentally verified. Finally, Fig. 6 shows

the predictions for the ratios Ry, Ry Eqgs. (38,39).
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i Cpi Cp i Cp i
1| 2.35+0.01{—0.089 £ 0.008|—0.131 £+ 0.009
2|—4.45£0.11 0.56 = 0.05 0.38 £0.03
TABLE I: Optimal values of the normalization constants C,;, Cy ;, Cy ; obtained by the fitting

procedure.
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8 10
92 [GeV?]

12

14 16

FIG. 1: Total cross section data for the annihilation ee™ — 77 77~ from [5, 26-28]. The line
represents the fit of the total cross section (16) for the reaction et +e~ — a; +n with VMD-based

model of transition form factors (41).
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FIG. 2: ¢° dependence of the y*ma; transition form factors fi, fa (41).
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FIG. 3: Angular dependence of the vector polarization observables P, Py, P, at ¢> = 2 GeV?,

Eqs. (22,25).
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FIG. 4: Angular dependence of the tensor polarization observables P,;, Py, P.., P, at ¢ =2
GeV?, Egs. (23,24).

V. CONCLUSION

Using the parametrization of the electromagnetic transition v* — a;(1260)7 in terms of

two complex FFs, we investigated the polarization phenomena in the annihilation reaction
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FIG. 5: Angular dependence of the elements of the spin density matrix p, 1, pog, p4—, pro at ¢> = 2
GeV?, in case of unpolarized collisison (solid lines) from Eqgs. (30,31). In case of longitudinally
polarized electrons the corresponding elements are shown also (dashed lines, (d),(e)) from Egs.

(37) and (f) from Eq. (36).
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FIG. 6: ¢ behavior of the ratios Ry, Ry, Eqs. (38,39).
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(1). We calculated the differential (and total) cross section and various polarization ob-
servables as functions of the FFs. The spin—density matrix elements of the produced axial
meson have been also calculated.

The ¢? dependence of the FFs shows, as expected, peaks in correspondence of the masses
of the considered vector meson. An interesting feature appears for fo at Q* ~ 4 GeV?,
which is due to an interference of the different terms. Note that none of the considered
vector mesons corresponds to a mass of such value. An interference of such origin can be
the reason for the plateau seen in the cross section data, which, however does not appear
with large intensity in our fit.

The reaction (1) has been clearly detected in the experiments. The present results can
be useful for the analysis of the experimental data and for the determination of the v* —

a1(1260)7 transition FFs.
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