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1. For the measurement of the cross section of the ete —4mn reaction

we are required to find out which intermediate states are involved in
this process in order to obtain a correct value of detection efficiency.

2. The AA allows to describe experimental data by phenomenological
model.

3. Actually, the phenomenological approach is far from the
fundamental understanding of the process of the hadronization of the
produced pair of quarks and of four pions production. JV
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The amplitude analysis at CMD-2 (5.8 pb!)

The data in the The results of a search for the admixture of other possible states
ee — r+-2mo (22128 Model Ln ry [%] U.L. [%]
events) with wn’ + am 1264 _ _
Vs = [1.05-1.38] GeV is @7’ + a7+ po 1256 21555 43
used wr’+ aym+ hyr 1263 01705 0.4

o’ + am+ aym 1263 0.2703 0.8

wm’ + am+ 7T 1250 95152 I3

a7 1

The dominance of the o+ am+ pp- (AE 47+20 e

o1t and a;1t is proved

R.R. Akhmetshin et al., Physics Letters B 466, 392—-402 (1999)

The data in

ee — r+r2r0 and ee — 2421t (28552) is used for the estimation:
B(a,—omn)/B(a,—»pm) ~ 0.3

The measured cross section are systematically shifted from other
measurement.



Amplitude analysis of t—3nut®v_at CLEO (1999)
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Model Integrated amplitudes Goodness-of-fit
Model 2 R.» = 0.38 £ 0.02 £ 0.02 < 5%
R, =043 £0.02 £0.02
R =038 £0.02 £ 0.01
Model 3 R, =049 £0.02 £ 0.02 205
R,,=0.01=x0.02=x0.01
Rﬁ,ﬂ 0.01 £ 0.01 £ 0.01

Fit results for various models

* Model with @t and a1t and po, pf, provides the best description of the data.

Physical Review D - Particles, Fields, Gravitation and Cosmology, 61, 1-16 (2000).



There are evidences of pf, and pf, at higher energies with BaBar detector
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General strategy

Signal selection L Signal selection

(ee — pi*pi2pi°) (ee —» 2pi+2pi)

Building of the amplitudes formalism

/ The definition and minimization
of likelihood function (L)

Model vs Experiment comparison




Signal selection
 (ee — 2pi*2pi) 72 kevents

Signal selection | |
(ee — pi*pi2pi° 64 kevents
©*0.7<06__<1m-0.7rad
Ly data_

e Total (E-Vs) and P < 150 MeV/(c)
¢ Two candidates for 1t°

* 5C kinematic fit
* The invariant mass spectrum of

3rd and 4th photons is used for e

750 MeV

dE/dx (a.u.)

10*

the estimation of the contribution SR T

of background: s 0 v
&  scan2011 data : N
GSJ" *,f: ’/_/ MG+bkgr § 10% 3

10°F
0 500 400 600 800 1000
dE/dxvs """
momentum

25
m, , (MeV/c)

°O.7<9H<rt—0.7rad
e Total (E-Vs) and P < 150 MeV/(c)

* 4C kinematic fit

* The spectrum of total energy of
four tracks (E-Vs) is used for the
estimation of the contribution of

background:

yields

[ — data )
L ZMG %
— 7 17,




The production of 47 system can proceed via a list of intermediate states:
w[177] 70" "] ( Only 27=27")
a1(1200)[17] «[07]
p[177] fo(980)[07]
p[177] o(500)[07]
p[177] fo(1270)[27]
pt[17] p[17] ( Only 27*27")
a»(1320)[27*] #[0~]
hi(1170)[17] #°[0~"] ( Only 27=27")
To get magnitudes of amplitudes we perform unbinned likelihood amplitude

analysis. The relative number of events / at a particular point £2 in phase
space can be represented as

1(9) = [Va Aa()2 - dD(92),

where the sum runs over all intermediate states, V,, - the complex
production amplitude (the free parameter) and A, (€2) - the amplitude at a
particular point in phase space.



The likelihood for model under test is
i 20 2 pi*2pi
g T M@0 P )
Bl Tel(@da % T=I(Q)d2

i=signal i=signal

The limited acceptance and efficiency of the detector is taken into account
by summing only over simulated events that pass the reconstruction and

analysis cuts.

1 phase space MC

fE‘f(Q)dQ — NTJE E |VL1AH(Q)|2

rec

2
@ An amplitude is normalized to 1: f‘Aﬁ(deQ = 1:

@ The wn® amplitude is clearly seen at all energies, so A o fixes at 1;

10



* The amplitudes is symmetric (anti-symmetric) with respect to the interchange
of the momenta of neutral (charged) mesons according to Bose symmetry and
C-parity conservation.

° xb *b

L(w.ﬁﬂ) — gwpfr " Cuvpo ¢ (5@ : U—f‘,u : d,_,ﬂ'm ' (dp.-on drr.-op )
L(aipm) = Gaypn - € - af, - 7™ - (dupy” — dup}y),
L(a1om) = gayor - 6 - (dyaf, — dyaf,) - dud* (o) - dyg™ (),
L(p"pﬁ]) — Yo' pfo 5(”3 ' (d,upp dupp )(d,up;b dup:«b) @}[]:

*bh

*l *C
L(.,O".,O} P ) — Gp'ptp~ d.ff.'of d”.op) ' (dﬂ.ﬁnj d‘”.ﬁn ) ' (dﬂ.ﬁn dn-,ﬁ” )
L(ﬂ;hlﬂu) — gp’h.lﬁ 6ﬂh(dﬂpw difp,u ) : (d hIi di"'IIIi)Oﬂ

. m’.ac (

* Masses and central values of widths of resonances are fixed according to
PDG.

* Spectral function obtained from the Dyson equation with simplest r-o
coupling is used as the propagator of o(500) [Phys. Rev. € 76 065204 (2007)]

« Flatt' e distribution is used for the propagator of (980). H
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(ee = 2pit2pi)

{s = [1.5:1.6] GeV
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(ee — 2pi*2pi)
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{ results
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* Neither parameterization of the amplitude does not describe the energy

dependence of the phase

27



_ []Ai*dPh
~ JISViAPdPR 7T

Ry

—=%— aln
—a— pf2

p fO

e

rJ :\.:\.‘/3&44

6 1.8 >
/s, GeV

|
——
—
-
i
H
LR g
—i | —a—
= ¥
H
R

—_
—_
N
—_
LN

The cross-section of different contribution vs E__

p0+pfo+pf2+p+p—

28



il
:: 1* 1.2 “ LH T6 18 2

The cross-section of ete = rt® —» ' 2® with subtracted sum of R
29



—_— — SND x?/ ndf 144.4/ 26
2 20 9 om0 0.7169 + 0.02354
= ]L% M(p) 1482 + 9.993
B —— X . W(p") 511.3+17.97
C}J ) fo X Gty i % % % 9 om0 0.2866 + 0.01794
T {J s ¢ 314+ 0
2 i % H M(p") 1720+ 0
A - t W(p") 250+ O
o - %f}v 9 ur 0.01945 + 0.003564
R ol ‘% ; 0. 0.05095 + 0.08867
3 B P9 0+ O
A B ; p10 0+ 0
Lb) I~ =
©  r o
s
5 B
o - . DL i

[ M = +
" - p + p' contribution | | 3
(/)] 0 | | | | | | | | | | | | =
g 1000 1200 1400 1600 1800 iy

1E ey
0; ;

TS 5 A1 0 S 0
1700 1750 1800 1850 1900 1950 2000
Ecm. (MeV)

The cross-section of ete = r® — 2 vs Ec.m. 30



Summary

* The internal dynamics of the reaction e*e'—4r1 is studied preliminary in the
energy range Vs = [0.95-2.01] GeV

e The dominance of the channels ot and a It is confirmed.

The ot channel is dominated in the process e+e- —» ni+-2nt0 up to
* Vs ~ 1.5 GeV

 The estimation of the contributions of po, pf,, pp*, pf, is shown.

* The simultaneous analysis of ete'-»2* 21T, e*e -t 2n°, T3y,
U2’y is proposed

31
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Soon we will publish the cross section of the cross section
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