N O
-

™

JV'
A

Siberian Branch of Russian Academy of Science

BUDKER INSTITUTE OF NUCLEAR PHYSICS

R.R. Akhmetshin, E.V. Anashkin, M. Arpagaus, V.M. Aulchenko,
V.Sh. Banzarov, L. M. Barkov, N.S. Bashtovoy, A.E. Bondar,
D.V. Bondarev, A.V. Bragin, D.V. Chernyak, A.G. Chertovskikh,
A.S. Dvoretsky, S.I. Eidelman, G.V. Fedotovitch, N.I. Gabyshev,
A.A. Grebeniuk, D.N. Grigoriev, V.W. Hughes, P.M. Ivanov,
S.V. Karpov, V.F. Kazanin, B.1. Khazin, I.A. Koop,

M.S. Korostelev, P.P. Krokovny, L.M. Kurdadze, A.S. Kuzmin,
I.B. Logashenko, P.A. Lukin, A.P. Lysenko, K.Yu. Mikhailov,
A.lI. Milstein, I.N. Nesterenko, V.S. Okhapkin, A.V. Otboev,
E.A. Perevedentsev, A.A. Polunin, A.S. Popov, T.A. Purlatz,
N.I. Root, A.A. Ruban, N.M. Ryskulov, A.G. Shamov,
Yu.M. Shatunov, A.I. Shekhtman, B.A. Shwartz, A.L. Sibidanov,
V.A. Sidorov, A.N. Skrinsky, V.P. Smakhtin, I.G. Snopkov,
E.P. Solodov, P.Yu, Stepanov, A.l. Sukhanov, J.A. Thompson,
V.M. Titov, A.A. Valishev, Yu.V. Yudin, S$.G. Zverev

a,(1260)r DOMINANCE IN THE PROCESS
ete” — 47 AT ENERGIES 1.05 — 1.38 GeV

Budker INP 98-83

http://www.inp.nsk.su/publications

1902000-NVOS

T

Novosibirsk
1998



Siberian Branch of Russian Academy of Sciences

BUDKER INSTITUTE OF NUCLEAR PHYSICS

R.R. Akhmetshin, E.V. Anashkin, M. Arpagaus,
V.M. Aulchenko, V.Sh. Banzarov, L.M. Barkov, N.S. Bashtovoy,
A.E. Bondar, D.V. Bondarev, A.V. Bragin, D.V. Chernyak,
A.G. Chertovskikh, A.S. Dvoretsky, S.I. Eidelman,
G.V. Fedotovitch, N.I. Gabyshev, A.A. Grebeniuk,

D.N. Grigoriev, V.W. Hughes, P.M. Ivanov, 5.V. Karpov,
V.F. Kazanin, B.I. Khazin, I.A. Koop, M.S. Korostelev,
P.P. Krokovny, L.M. Kurdadze, A.S. Kuzmin, I.B. Logashenko,
P.A. Lukin, A.P. Lysenko, K.Yu. Mikhailov, A.I. Milstein,
I.N. Nesterenko, V.S. Okhapkin, A.V. Otboev,

E.A. Perevedentsev, A.A. Polunin, A.S. Popov, T.A. Purlatz,
N.I. Root, A.A. Ruban, N.M. Ryskulov, A.G. Shamov,
Yu.M. Shatunov, A.l. Shekhtman, B.A. Shwartz, A.L. Sibidanov,
V.A. Sidorov, A.N. Skrinsky, V.P. Smakhtin, I.G. Snopkov,
E.P. Solodov, P.Yu. Stepanov, A.l. Sukhanov, J.A. Thompson,
V.M. Titov, A.A. Valishev, Yu.V. Yudin, S.G. Zverev

a1(1260)7 dominance in the process
ete™ — 4w at energies 1.05-1.38 GeV

Budker INP 98-83

Novosibirsk
1998



a1(1260)7 dominance in the process
ete™ — 4w at energies 1.05-1.38 GeV

R.R. Akhmetshin, E.V. Anashkin, M. Arpagaus, V.M. Aulchenko,
V.5h. Banzarov, L.M. Barkov, N.S. Bashtovoy, A.E. Bondar,
D.V. Bondarev, A.V. Bragin, D.V. Chernyak, A.G. Chertovskikh,
A.S. Dvoretsky, S.I. Eidelman, G.V. Fedotovitch, N.IL. Gabyshev,
A.A. Grebeniuk, D.N. Grigoriev, P.M. Ivanov, S.V. Karpov, V.F. Kazanin,
B.1. Khazin, I.A. Koop, M.S. Korostelev, P.P. Krokovny, L.M. Kurdadze,
A.S. Kuzmin, L.B. Logashenko, P.A. Lukin, A.P. Lysenko, K.Yu. Mikhailov
A L. Milstein, I.N. Nesterenko, V.S. Okhapkin, A.V. Otboev,
E.A. Perevedentsev, A.A. Polunin, A.S. Popov, T.A. Purlatz, N.I. Root,
A.A. Ruban, N.M. Ryskulov, A.G. Shamov, Yu.M. Shatunov,
AL Shekhtman, B.A. Shwartz, A.L. Sibidanov, V.A. Sidorov,
A.N. Skrinsky, V.P. Smakhtin, 1.G. Snopkov, E.P. Solodov, P.Yu. Stepanov,
AL Sukhanov, V.M. Titov, A.A. Valishev, Yu.V. Yudin, S.G. Zverev
Budker Institute of Nuclear Physics, Novosibirsk, 630090, Russia

]

J.A. Thompson
University of Pittsburgh, Pittsburgh, PA 15260, USA

V.W.Hughes
Yale University, New Haven, CT 06511, USA

Abstract

First results of the study of the process ete™ — 4rr by the CMD-2
collaboration at VEPP-2M are presented for the energy range 1.05-1.38
GeV. Using an integrated luminosity of 5.8 pb~ energy dependence
of the processes ete™ — 7t7~27° and ete™ — 2rt2r~ has been
measured. Analysis of the differential distributions demonstrates the
dominance of the a1 7 and wr intermediate states. Upper limits for the
contributions of other alternative mechanisms are also placed.



1 Introduction.

Investigation of eTe~ annihilation into hadrons at low energies provides
unique information about interaction of light quarks and spectroscopy of
their bound states. At present the energy range below J/¢ can not be sat-
isfactorily described by QCD. Future progress in our understanding of the
phenomena in this energy range is impossible without accumulation of ex-
perimental data vitally important to check the predictions of existing theo-
retical models. In addition, the total cross section of eTe™ annihilation into
hadrons at low energies as well as the cross sections of exclusive channels
are necessary for precise calculations of various effects. These include strong
interaction contributions to vacuum polarization for (g-2), and a(M32) [1],
tests of standard model by the hypothesis of conserved vector current (CVC)
relating ete™ — hadrons to hadronic 7-lepton decays [2, 3], determination
of the QCD parameters based on QCD sum rules [4] etc.

The energy behavior of the total cross section as well as that of the cross
sections for exclusive channels is complicated and characteristic of various
broad overlapping resonances (e.g. p,w, ¢ recurrencies) with numerous com-
mon decay channels having energy thresholds just in this energy range. Pres-
ence of the broad resonances in the intermediate state necessitates consid-
eration of the quasistationary states and makes effects of their interference
important.

Until recently the investigation of ete~ annihilation into hadrons was
restricted by measurements of the cross sections only. Appearance of the
new detectors with a large solid angle operating at high luminosity colliders
and providing very large data samples opens qualitatively new possibilities
for the investigation of the multihadronic production in e*e™ annihilation.

Production of four pions is one of the dominant processes of ete~ an-
nihilation into hadrons in the energy range from 1.05 to 2.5 GeV. For the
first time it was observed in Frascati [5] and Novosibirsk [6). First experi-
ments with limited data samples allowed one to qualitatively study the new
phenomenon of multiple production of hadrons and estimate the magnitude
of the corresponding cross sections. Subsequent measurements by different
groups in Frascati, Orsay and Novosibirsk (see the references in [1]) provided
more detailed information on the energy dependence of the cross sections of
the processes ete™ — 27727~ and ete™ — 777~ 27° in comparison with
the previous measurements.

One of the main difficulties in the experimental studies of four pion pro-
duction was caused by the existence of different intermediate states via which



the final state could be produced, such as

ete™ — wrw (1)
ete™ - po (2)
ete™ —  a;(1260)x (3)
ete™ — h(1170)x (4)
ete™ = ptp~ (5)
ete”™ = ay(1320)n (6)
ete™ — w(1300)7 (7)

‘The relative contributions of the above mentioned processes can’t be ob-
tained without the detailed analysis of the process dynamics. First attempts
of this type were performed by MEA {7] and DM1 (8] in the energy range
above 1.4 GeV and OLYA [9} and CMD [10] below 1.4 GeV and it was shown
that the 2o+ 27~ final state is dominated by the p°2+ 7~ mechanism. ND [11]
measured the cross section of wr production from 1.0 to 1.4 GeV with a mag-
nitude which was confirmed by the subsequent 7 decay studies at ARGUS [12]
as well as by more recent results from CLEO {13] and ALEPH [14].

Later the DM2 group tried to perform partial wave analysis (PWA) of the
mode with four charged pions [15] in the energy range 1.35 to 2.40 GeV. Their
analysis was based on the momentum distributions only while the angular
dependence as well as interference between different waves were not taken into
account. Although they obtained some evidence for the presence of a,; (1260) 7
and po states, a mechanism for a substantial part of the cross section was
not determined. PWA for the mode n*#~27° was not performed because of
the insufficient number of completely reconstructed events.

The abundance of various possible mechanisms and their complicated in-
terference results in the necessity of simultaneous analysis of two possible
final states (27727~ and n* 7~ 2x7%) which requires a general purpose detec-
tor capable of measuring energies and angles of both charged and neutral
particles. The first detector of this type operating in the energy range below
1.4 GeV is the CMD-2 detector at VEPP-2M collider in Novosibirsk [16].
In this work, we present results from a model-dependent analysis of both
possible channels in e™e™ annihilation into four pions based on data col-
lected with the CMD-2 detector. To describe four-pion production we used a
simple model assuming quasitwoparticle intermediate states and taking into
account the important effects of the identity of the final pions as well as the
interference of all possible amplitudes.



2 Data sample and event selection

The analysis described here is based on 5.8 pb~! of ete™ data collected at
center-of-mass energies 2Fpeq, from 1.05 up to 1.38 GeV. The data were
recorded at the VEPP-2M ete™ collider of the Budker Institute of Nuclear
Physics in Novosibirsk, Russia with the CMD-2 detector in 1997. The energy
range mentioned above was scanned twice with a step of 20 MeV: first by
increasing energy from 1.05 to 1.37 GeV and then by decreasing energy from
1.38 to 1.06 GeV.

The CMD-2 is a general purpose detector consisting of a drift chamber
(DC) with about 250 p resolution transverse to the beam and proportional Z-
chamber used for trigger, both inside a thin (0.4 X, ) superconducting solenoid
with a field of 1 T. Photons are detected in the barrel Csl calorimeter with
8-10 % energy resolution and the endcap BGO calorimeter with 6 % energy
resolution. More details on the detector can be found elsewhere [16].

2.1 Event selection

The present analysis is based on completely reconstructed #t«~27% events.
At the initial stage, events with one primary vertex with two opposite sign
tracks and four or more reconstructed photons were selected. Both tracks
should come from the interaction region: a distance from the track trajec-
tories to the beam axis should be less than 0.3 cm and the vertex position
along the beam axis should be inside £+ 10 cm. To reject background from
collinear events, the acollinearity angle between tracks in the K — ¢ plane
should be greater than 0.1 radians. Both tracks are required in the DC fidu-
cial volume: a € angle should be inside 0.54 + 7 — 0.54 radians. Clusters
of energy deposition that are not matched with charged track projection are
paired to form 7% candidates. These showers must have energies greater than
20 MeV, and invariant mass of the photon pair must lie within 3o of the #°
mass where o varies between (5 + 10) MeV. After that a kinematic fit was
performed assuming the 77~ 27% hypothesis for all possible #° pairs. For
further analysis the combination with min(x?) was selected under the con-
dition x2/ndf < 2.5. After such selection 22128 events remained in the
energy range under study.

2.2 Final event sample

To understand the dynamics of the process we studied the distribution over
the recoil mass for one of the #°’s. Figure 1 shows this distiibution at the
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beam energy of 690 MeV. Each event gives two entries to the histogram
corresponding to two 7°. A signal from the wx® final state is clearly seen.
Points with errors are the data while the smooth line is our fit corresponding
to the sum of a Breit-Wigner w signal convoluted with detector resolution and
a smooth combinatorial background. The detector contribution to the signal
width is about 10 MeV. The number of events under the w peak accounts
for only ~ 60% of the observed events that indicates at the existence of
additional intermediate states.
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Figure 1: Distribution over the 7% recoil mass for #+#—27°

For further analysis the data sample was subdivided into two classes:
L min{(|Mrecoir(7°) — M,|) < 70 MeV
II. min(|Myecour(n°®) — M,}) > 70 MeV

where M, is the w mass. The first class contains mostly wn® events while their -
admixture in the second class is relatively small, about (1 < 5)% depending
on the beam energy.



Figs. 2 and 3 show distributions over My (rE7%) and My, (nH77) for
the events in the second class. In the spectrum of M., (7+7%) one can see
a clear signal of p* while that for M, (77 7) is relatively smooth and no
signal from the p° is observed. The solid lines show our fit including smooth
combinatorial background and gaussian p signals. Presence of the p* signal
and absence of the p° signal lead us to the natural assumption that p mesons
originate from an isospin 1 resonance. For the case of the resonance with
I = 0 one expects production of both neutral and charged p’s.
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Figure 2: Distribution over

Mipy(nt7%) for wtn—27° events
from the class (II)
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Figure 3: Distribution over

Mipo(nmn™) for ntn=27° events
from the class (II)

Possible candidates from the list of the processes (1)-(7) are a;(1260),
a2{1320) and 7(1300). These resonances have different spin and parity re-
sulting in different angular distributions for a recoil pion (Table 1).

Table 1: List of I = 1 resonances with expected angular distributions

JPC | do/dcos(8) | x*/ndf
1| a;(1260) | 1+ | const 7.1/7
2 | #(1300) | 0~F | sin?(8) 47.3/7

3| ay(1320) | 2+F

1+ cos?(8) | 37.0/7




To measure the angular distribution of the p*7° system (or recoiled 7F)
we fit the p* signal in eight ranges of the recoil 7 angle with respect to
the beam axis. The measured angular distribution is shown in Fig. 4. Three
smooth curves show the fits corresponding to mentioned above hypotheses.
The fit goodness is presented in the last column of Table 1. One can see good
agreement with the hypothesis of the a; (1260)7 intermediate state.

400

05 1
cos(0)

Figure 4: Angular distribution of the recoil #*. Solid curves correspond to
the following hypotheses: 1 — a;(1260)7; 2 - w(1300)7; 3 - a3(1320)x

Thus one can assume that our data can be explained by wn® and a, (1260)7
intermediate states although small admixture of other states is not excluded.

2.3 Fitting method

For detailed comparison we perform the simulation of the processes (1)-(7)
taking into account their interference as well as-the interference of the dia-
grams differing by permutations of identical final pions (see Appendix A).
In order to extract a relative fraction of a;{1260)7 and any other in-
termediate states, the unbinned maximum likelihood fit has been used [17].
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Kinematics of each event is completely described by a set of measured four-
momenta py = (g, P) of the final pions with the exception of smearing due
to detector resolution and radiative effects. This set will be referred to as a
vector of state P; = (Pa+,Pr—, Pr0,Pr0)i Where a subscript i stands for the
event number. .

The theoretical probability density function for P; depen(js on process
dynamics and can be expressed via the matrix element |OM(P;, A)|2. Here
A stands for a set of unknown model parameters like relative strength and
phase of interference between the intermediate states. To obtain the optimal
values of A we minimize [18] the logarithmic likelihood function

N3
L) = -3 law(P;, 4), (8)

where w(f",;,/_f) is the probability to observe an event in state ﬁ,;, and Ny
is the number of events in the second class. Since the detector resolution
for the invariant mass of three pions is about 10 MeV, i.e. comparable to
the w width, smearing effects are significant for the events of the first class.
Therefore we use the events of the second class only. To fix the fraction of
events in the first class we add the following term to the function (8)

(r(}_l') —1y)?

2 )
207,

where 11 = 7\7"1'}3\5}-17\'; is a measured fraction, N; is the number of events in the

first class, and r(A) is the expectation of ry.

The normalized probability density function is expressed via the matrix
element

o IMEBLAP 1
auis(A) 1127

where j is the particle number, and ovis(!f) is a model dependent visible
cross section:

. " L &Bp
oueld) = [ B, AP T] 2
j=1
The function o, (f-f) is calculated using Monte Carlo technique. For this
purpose we use a set of events sampled according to the relativistic phase



space distribution. In this case, o,;, (ff) 1s calculated as

. I 1 NMC — -+
avis(A) = m ; |9JI(R:A)123
where Ny ¢ is the number of second class events in a generated set.
The main goal of our fits was to find the minimal model compatible with
our data. To this end, we write the matrix element as follows:
[R(E;, AP = |32 4 Za, - 3550+ Zx - IO

wm?

where X stands for an admixture under study — po, hi(1170)7, ptp—,
a3(1320) or m(1300)7. In the above equation, expressions for JE7% are
taken from Appendix A while complex factors Z are components of the vec-
tor A.

2.4 Comparison of n*7~27° data with simulation

Since the matrix element for the channel wr® has a well-known structure,
one can use the events from the first class to test the adequacy of the to-
tal MC simulation [19]. Figs. 5,6 show the distributions over M;,,, (mt70),
Mrecoit(ﬁi): Miny (7T+7I'_), Minv(ﬂ'oﬂ'o): COS(TPwin), co8(Yrt7-), COS(%:%O)
and Myecou(n®) for the events of the first class at the beam energy of 690
MeV. Points with errors are the data, while the histograms correspond to the
simulation of the processes wn® and a1(1260)7. Good consistence of the data,
and MC makes us confident that MC simulation adequately reproduces both
the kinematics of produced particles and the detector response to them.

Similar distributions for the events of the second class are shown in
Figs. 7,8. One can see that the process 77270 is satisfactorily described
in the minimal model in which there are two intermediate states wn® and
a1(1260)7 only. Similar consistence is observed at other energies: we have
also examined the energy points 2E},,,, = (1.28 £ 0.01) and (1.18 + 0.03)
GeV.

To determine the admixture of other possible mechanisms we extend the
minimal model above by adding each of the other states one by one and
performing the fit. The results of these fits are shown in Table 2. From
its third column one can see that the relative fractions rx of the additional
intermediate state X with respect to the a1{1260)7 are small. This confirms
our assumption of the a;(1260)7 dominance.

Because of the theoretical uncertainty of the a,(1260)7 matrix element,
we do not consider the nonnegligible magnitude of the p*p~ and 7 (1300)x

10



Table 2: The results of fit to different models with upper limits

Model Lmin/Nev | X5 % | Upper limit, %
wnl + T 1264/891 — o
O 4 tpo | 1256/891 | 21505 4.3
wnd 4+ ayF + b | 12637891 0.1192 0.4
wr® + a7 + aom | 1263/891 0.2395 0.8
wr® + ey +m'm | 1250/891 95732 15.
0+ aim+ ptp | 1246/891 | 47715 7.7

contributions as significant. Instead, we prefer to set upper limits for the
fraction of these intermediate states. The values of the likelihood function (8)
for optimal parameters (Lmin) do not contradict to our expectation based on
the simulation of wn® and a; (1260)7.

2.5 Comparison of 227~ data with simulation

Consider now the 2n1 27~ channel. In this case we don’t have wn® in the
intermediate state and therefore no additional complicacy to check the as-
sumption of the a1(1260)7 dominance arises. To this end four-track events
were selected. All tracks should come from the interaction region: a distance
from track trajectories to the beam axis should be less than 1 cm and the
vertex position along the beam axis should be inside + 1o cm. After that
a kinematic fit was performed assuming the o7 +2r~ hypothesis and events
with x2/ndf < 2.5 were selected. Undet these conditions 28552 events
remain in the energy range under study.

Figure 9 shows distributions over Mo (mT77), Mo (mETE), Myecot (nt)
and cos(Y+,-) for 9r+2r—case. One can see that the hypothesis of the
a1(1260)7 dominance does not contradict to the data although one should
note a slight deviation in the spectrum of the invariant masses of the likesign
pions. This deviation can be possibly explained by the contribution of the D—
wave or some final state interaction. It can’t be explained by the admixture
of other possible processes because their fractions compared to a;(1260)m are
small (see Table 2). The study of more complicated cases taking into account
simultaneously a few intermediate states in addition to wn® and a; (1260)7
is now in progress.
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Figure 5: Distributions over Miny (n%7%),  Mipeeou(nt), Miny(ntn™),
Mipo(797%) for 77270 events from the class (1)
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where H, is the polarization vector of h;. Using (21) and (12) we obtain
the following representation for the hj;-meson contribution to the current J

in the decay g — 7T (p1)m~ (pa)n®(p2)7°(ps) :

J—i};l—OO = Ghl [thl (p11p41p33p2) - t’hl (p4:plsp3ap2)

— thy (1,3, Pa, p2)] + (P2 € P3), (22)
the current ty, is given by (15) with the change of indices a; — hy , and the
function gp, (s) in the propagator of k; is:

2
€2P) —€1P2  £2P3 —E€3P2  E€3P1 —£1P3
s) = FZ(Q / - —
g (s) m(Q) Dy(p1+p2) Dylpa+p3) Dy(pL+ps)

. 4Py dps dp; 5 (py +py +p3 — Q)
261282263 (27(‘)5 '

(23)

A.4 The contribution of p*p~

One more contribution to the mixed channel amplitude comes from the pro-
cess p — ptp~ -+ Anw. The matrix element corresponding to the transition

p(P) — p*(p)p~(q) reads
T(p—ptp7) = Fsprp-(Puby — Poéy) (24)
x[(pued™ — pael*)(ves™ — gaes) ™) — (1 ¢ V)]

where ej; and e, are the polarization vectors of pT and p~ respectively.
Using (24), we obtain the contribution of p™p~ to the current J in the decay

p = wt(p1)n~ (pa) 70 (p2)7°(ps) :

GppF2(p1 + p2) F7 (3 + pa)

Dy(p1 +p2)D,(p3 + pa)
x[p)(€3P2Ps — €4P2P3) — P2{€3P1 P14 ~ E4P1P3)
—P3(e1P2Ps — €2P1P4) + P4(€1P2P3 ~ £2P1P3)] + (2 & 3).

J;;OO (25)

A.5 The contribution of 7(1300)7

The matrix elements for the transitions p(P) — ='(q)x(p) and #'(q) —
p(P)n(p) are of the form (for brevity n' = 7(1300)):

T(ﬁ N 7r’1r) — Fﬁw'ﬂegab(Ppéu _ Puép)Qppy¢,a*¢b* ’
T(x' — pn) = Fyi pne®°q,p, (Puel — Pyez*)qb'aqbc* . (26)
27



Then we get for the contribution of 7(1300) to the current J in the decay

p—> 7T+(P1)W+(P2)7f,-(P3)7f—(P4) :

J;rf’:+—_ = G:rr’ [tﬂ" (Pl,P2:P3;p4) + t (P2=P11P33P4) + by (p1:p21p4ip3)
+tx: (D2, 1, 1, 13) + b (D3, P2, 1, pa) + tr (P4, P2, p1, p3)
+ to (p3,p1,P2,p4) + to (P4, p1,p2,p3)] - (27)

In the mixed channel g — 7+ (p1)7 (pa) 7 (pg) 7O (ps) the corresponding cur-
rent reads:

J:;—OO = Gn" [tvr’ (plpr;pl’npél) + tﬂ"' (plrp31p2:p4)
+ tw'(P4;P1,p3ap2) +t1r'(p4aplrp23p3)]' (28)
It (27) and (28) we use the notation
F2(P - p)

£t (Pl,Pz,pa,pai) = (pzps —P4p3)(P2+P4)2P1 . (29)

Do (P = p1)D,(ps + py)

For the function g, (s) in the 7 propagator, one has:

9
£1P2P3 — €2P; P53 £3P; Py — €2P1 P4

owis) = Q) [

\ Dp(pl +P2) D.o(Pz +p3)
x dp, dp, dp, 6 {p1 + p2 + ps - Q) (30)
2e12e92e3(2m)5 '

A.6 The contribution of op

The quantum numbers of the o resonance are J GJFC = 0t0++. The matrix
element of the transition 5(P) — o(q)p°(p) is of the form:

T op?) = Fi0p(P,é, — P.éu)quesdr. (31)
The corresponding contribution to the current J in the decay
p -3 7r+(p1)1r+(p2)7r“(p3)7r‘(p4) reads:
Jj+—-— — Ga [ta(Pl,P2,P3:P4)+ta(P2,P1,P3:P4)
+ ts(p1,p2,p4,p3) + to(p2, 1,4, p3)] . (32)

In the mixed channel j — 7r+(p1)7r‘(p4)7r°(p2)7r0(p3) the current has the
form

J;-—DO = Gata(p13p2)p3:p4) 3 (33)
28



where

Fﬁ(Pz + p3)
D, (p2 + p3s)D,y(p1 + pa)

ta(p17p21P3rp4) = (54p1 - Elp4) . (34)

The function g,(s) in the propagator of ¢ is equal to

go(s) = (1 — 4m?/s)}/2. (35)

A.7 The contribution of a,(1320)n

The quantum numbers of the ay(1320) resonance are I¢JFC =172%*. The
matrix elements for the transitions g(P) — ax(g)w(p) and az(g) — p(P")m(p)
can be written in the form

~ - 3ab ~ ax b
T(p — asm) = Fpayn€ ™ epvprPubyPp AN D~4ud

T(ag — p7) = Fazpne“bcsu,,,p,\P;e ppA,\.qu,gbc* (36)

where Aj, is the polarization tensor of as . The contributions of the as-
meson to the current J in the processes p — 71 {py) 7" (p2)7n ™ (ps)7 ™ (p4) and
p = 7H{(p) 7 (pa)7°(p2)7°(p3) are given by the formulae (14) and (16) with
the substitution t,, — t,2 , where

Fc?z(P — P4)

Da(P — ps)D,y(p1 + p3)
X{E(py X P2)[P1 X P3, Pa] + (P24 — (920)(Pag)/mey)
x[P1(€3P2Ps — €2P4P3) — P3(E1P4P2) — €2P4P1)
+P,(€1P3Py — €3P1Py)]} -

ta2(p1,p2,03,pP4) = (37)

Here ¢ = P — p4, and P is the initial 4-momentum.
For the function gq2(s) in the propagator of as, we obtain:

902(3 F2,(Q) f Fyyorp B 02 0P (p1+p2+p3—Q)

281282253(2%)5 : ’ (38)

where

P, X P Ty X Tgnd
f’ij(s) — ( 2 3) Pi (pl Ps) P>

D,(p2 + p3) D,(p1 + p3) + (i ¢ 7) (39)
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