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The cross section of the processe™ — 7" 7~ 7° was measured in the Spherical Neutral Detector experi-
ment at the VEPP-2M collider in the energy regigh=980-1380 MeV. The measured cross section, to-
gether with thee*e” — 7" 7~ 7% andwn " 7~ cross sections obtained in other experiments, was analyzed in
the framework of the generalized vector meson dominance model. It was found that the experimental data can
be described by a sum ab, ¢ mesons and twaw' and »” resonances contributions, with masseg:
~1490,m,,~1790 MeV and widthd",,~1210,I" ,,~560 MeV. The analysis of the™ 7~ invariant mass
spectra in the energy regiogs from 1100 to 1380 MeV has shown that for their description one should take
into account thee*e™ — wm’— 7" 7~ #° mechanism also. The phase between the amplitudes corresponding
to thee®e™ —wm ande’e™ — pw intermediate states was measured for the first time. The value of the phase
is close to zero and depends on energy.
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I. INTRODUCTION

The cross section of hadron production in #fee™ anni-
hilation in the energy regiog’s<1.03 GeV can be described
within the vector meson dominance mod®DM) frame-
work and is determined by the transitions of light vector
mesons f,w,¢) into the final states. The light vector me-
sons have been studied rather well. They are quark-antiqual;Jﬁechanisrn oN— 7" 7~ =0 transition is also possible via

qq.(q:u,d,s) bound states, and their. masses, widths ang, — ¢ mixing: V— w7®—p°7° (V=p,p’,p") [Fig. 1b)].
main decays have been measured with high accufafy This effect was predicted in Rg] and was observed in the
The cross section for hadron production above ¢(¢€020)  SND (Spherical Neutral Detectpexperiment in the energy
resonance (521.03—2 GeV) cannot be described in the range\/s=1200-1400 Me\[10]. The studies of the e~
conventional VDM frameworktaking into accounp,w and  —z "7~ 7° cross section andrs invariant mass spectra
¢ mesons onlyindicating the existence of states with vector above the¢-meson production region provide information
meson quantum numbet§(JP€)=1%(177),0 (1~ ") and about excited states of vector meson and their interference.
with masses of about 1450, 1650 MeV. The parameters of Thee"e — a7~ 70 cross section in the energy region
these states are not well established due to inaccurate agéove ¢ meson and up to 2200 MeV has been studied in
conflicting experimental data. The nature of these states igeveral experimen{d1-16, but none of them have covered
not clear either. In some reviews of experimental data theyhe whole region. The SND study of this cross section in the

idered ixt H with 4- kgagaaand range Js=1040-1380 MeV based on a part of collected
are (,:Onﬂ ered as a mixture qfj wi quar qqqq.an data was already reported in RgL7]. Here we present the
hybrid qqg stateg2—5]. On the other hand, the experimental o its obtained by using the total data sample. The present

data do not contradict the hypothesis that these states haygrk includes both the total cross section and the dipion
qq structure and are radial and orbital excitations of the lightmass spectra studies.
vector meson$6—8J. In this context the main experimental
task is the improvement of the accuracy of cross section
measurement.
As already mentioned, in the VDM framework the cross The SND detectof18] ran from 1995 to 2000 at the
section of the process*e — "7~ #° is determined by VEPP-2M[19] collider in the energy rangg's from 360 to
the amplitudes of vector mesdh(V=w,¢,w’, ...) transi- 1400 MeV. The detector contains several subsystems. The
tions into the final state/— 7" 7~ 7% Thep intermediate  tracking system includes two cylindrical drift chambers. The
state dominates in these transitioffdg. 1(a)]. The other three-layer spherical electromagnetic calorimeter is based on
Nal(Tl) crystals[20]. The muon-veto system consists of
plastic scintillation counters and two layers of streamer
*Email address: achasov@inp.nsk.su tubes. The calorimeter energy and angular resolution de-

FIG. 1. Thee*e  —n" 7~ #° transition diagrams.

Il. EXPERIMENT
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FIG. 2. The experlmentahﬂ distribution, fitted by the sum of FIG. 4 The @ distribution of charged pions from the reaction

distributions for signal and background. The background contribug e — " a.

tion is shown by filled histogram.

I1l. DATA ANALYSIS
pends on the photon energy as/E(%)=4.2%A/E(GeV)
ando ,=0.82°/JE(GeV)®0.63° The tracking system an- . . o o
gular resolution is about 0.5° and 2° for azimuthal and polar The data analysis and selection criteria used in this work
angles respectively. The energy loss resoluti@dx in the  are similar to those described in Ref&1,22. During the
drift chamber is about 30%. SND was described in details irexperimental runs, the first-level trigggt8] selects events
Ref.[18]. with energy deposition in the calorimeter more than 180

In 1997 and 1999 the SND collected data in the energyMeV and with two or more charged particles. During pro-
region \/s from 1040 to 1380 MeV with integrated luminos- cessing of the experimental data the event reconstruction is
ity about 9.0 pb?; in addition about 130 nb' was col- performed[18,21]. For further analysis, events containing
lected atys=980 MeV. The beam energy was calculatedtwo or more photons and two charged particles wiith
from the magnetic field value in the bending magnets and<10 c¢m andr<1 cm were selected. Hemis the coordi-
revolution frequency of the collider. The center of mass enhate of the charged particle production point along the beam
ergy determination accuracy is about 0.1 MeV and the sprea@Xis (the longitudinal size of the interaction region depends
of the beam energy is from 0.2 to 0.4 MeV. on beam energy and varies from 2 to 2.5)cmis the dis-

For the Ium|n03|ty measurements, the processes™ tance between the charged particle track and the beam axis in
—e'e” andeTe —yy were used. In this work the lumi- ther—¢ plane. Extra photons ie*e” — =" 7~ 7% events
nosity measured bg*e”—e*e” was used for normaliza- €an appear because of the overlap with the beam background
tion. The systematic error of the integrated luminosity deterOr nuclear interactions of the charged pions in the calorim-
mination is estimated to be 2% Since luminosity eter. Under these selectlon condltlons the background
measurements bgte —e"e” ande’e —yy reveal a Sources are e'e —n n m'n’, efeTyy, wiwy,
systematic spread of about 1%, this was added to the stati& K™, KK processes and the beam background. We note
tical error of the luminosity determination in each energy'fhat in the energy region above thg-meson the process

A. Selection ofete”—at 7~ =0 events

point. The statistical accuracy was better than 1%. ete”"— 7" 7~ #° does not dominate. Even more, its cross
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FIG. 3. The angle between the normal to the production plane FIG. 5. The# distribution of neutral pions from the reaction
ande®e” beam direction foete™ — 7t 7~ w0 events. ete"—at a7l
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FIG. 6. The photon angular distribution. FIG. 7. The energy distribution for the most energetic photon.

section is several times lower than the cross section of th - ; ;
0.0 fherei is a process numbeug;(S) is the cross section of

. craen

main background process e” — 77 w7, _ the background process taking into account the radiative cor-
To suppress the beam background, the following cuts oRgtigng L (s) is the integrated luminosity;(s) is the de-

the angleys between two charged particle tracks and energyetion probability for the background process obtained from

deposition of the neutral particleB,e, were applied:y  gimylation under selection described above. Téiee™

>40%, Epe,>100 MeV. e — a7~y cross section was calculated for the case when
To reject the background from the'e  —K"K™ pro-

¢ ) _ the photon has the energy above 10 MeV and is radiated at
cess, the following cuts were imposeddE/dX)<5 1o angleg more than 10°. As it was mentioned above, the
-(dE/dX)min  for each charged particle, dE/dXx)<3

. main source of background is the events of thee™
-(dE/dX) min at least for one of them, andi$>10°. Here .+ - 0,0 nrocess. Two mechanisms contribute to the

A¢ is an acollinearity angle in the azimuthal plane andyia| cross section of this process’e” —wm ande’e
(d E{dx)min is an average energy loss of a minimum ionﬁizing_mm_r_ It was shown in Refs[23,24 that the e*e~
particle. The last cutA ¢|>10° also suppresses tlee e . pmm process dynamics can be described with #her

P
—mom y events. L intermediate state. The SND studies of the'e”
_Tosuppress the’e” —e"e" yy events an energy depo- _, .+ ;- 0.0 nrocesq25] agree with this conclusion. For
sition in the calorimeter of the charged particleg,, was background estimation the e~ — w7 and e*e” —pma
required to be small enougE,<0.5-Vs. cross sections measured in SND experiments were used

For events left after these cuts, a kinematic fit was Per{25 2¢. To obtain the detection probability of the'e™
formed under the following constraints: the charged particles_>pm.r events, the simulation with tha,= intermediate

are assumed to be pions, the system has zero total mome&xte was used. The numbersedfe — 7+ 7~ 7%(y) events

tum, the total energy is/s, and the photons originate from (after background subtractiprand background event num-
the 7°— yy decays. The value of the® function x5, (Fig.  bers are shown in Table I. Herg is a photon emitted by

2) is calculated during the fit. In events with more than twojnitial particles.

photons, extra photons are considered as spurious ones andTo estimate the accuracy of background events number
rejected. To do this, all possible subsets of two photons wergetermination the¢2 _ distribution (Fig. 2 was studied. The

inspected and the one corresp(_)nding.to Fhe maximu.m "ke”'experimentalxg distribution in the range @)(% <20 was
hood was selected. After the kinematic fit the following ad- 4 i

ditional cuts were appliedN,=2 (N, is the number of de-
tected photons X§w<5 and the polar angl@, of at least .‘2
one of the photons should satisfy to the following criterion: & 600
>
.

36°<6,<144°. The angular distributions of particles for the
selected events are shown in Figs. 3, 4, 5, and 6 while Fig.
and Fig. 8 demonstrate the photon energy distributions for 400
the same events. The experimental and simulated distribu
tions are in agreement.

200

B. Background subtraction

The number of background events was estimated from the ok
following formula: 0 200 400 600
E, (MeV)
Nog(8)= 2 ori(S)€i(S)IL(S), @

FIG. 8. Photon energy distribution.
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TABLE I. Event numbers\;,, of thee"e™ — 7" 7~ 7%(y) pro- -~
cess(after background subtractiprand N4 of background pro- ‘i 1
cesses, integrated luminosity. and detection efficiency(s,E, w
=0) (without y-quantum radiation &,4 is radiative correction — g75
[ Sraa=&(s)/ e(s,E,=0), £(s) is defined through the expression
(20)]. -~
w 0.5
Vs IL =
(MeV) (nb™1) e(s,E,=0) Srad Nz,  Npkg 0.25
980 129 0.150 0.858 25918 3*+1
1040 69 0.153 11.706-131.646 HBQ0 4=*1 0
1050 84 0.149 3.762-5.281 730 4*+1 0 50 100 150 200
1060 279  0.150  1.808-2.018 1986 8+2 E, (MeV)
1070 98 0.150 1.269-1.327 6B 2=1 _ o _
1080 578 0.150 1.060-1.102 3983 226 FIG. 9. The detection efficiency(E,) dependence on the radi-
1090 95  0.150 0985-1002 58 3:1 &ed photon energ, for e'e 7 'm 7%(y) events atys
1100 445 0152 0.928 05518 14+ 3 =1200 MeV, obtained by simulation.
1110 90 0.151 0.915 011 2+1 . .-
C. Detection efficiency
1120 306 0.150 0.889 283017 11+3
1130 113 0.151 0.889 7610 4+1 The detection efficiency of thete™— = 7=~ 7%(y) pro-
1140 289 0.151 0.901 17716 9+2  Ccess was obtained from simulation. The detection efficiency
1150 69 0.152 0.873 599 2+1  for events withouty-quantum radiation depends on the cen-
1160 320 0.152 0.877 24717 11+2  ter of mass energy and varies from 0.15 to 0.16 in the energy
1180 423 0.152 0.884 221 12-3  range s=980-1380 MeV. This dependence can be ap-
1190 172 0.152 0.872 12512 4+1 proximated by a linear function. The detection efficiency de-
1200 439 0.153 0.883 26019 13+ 2 pendence on the radiated photon energy is shown in Fig. 9.
1210 151 0.153 0.871 12012 4+1 Inaccuracies in the simulation of thg_., dE/dXx, andN,,
1220 343 0.153 0.947 28219 9+ 2 distributions lead to an error in the average detection effi-
1230 141 0.153 0.871 16311 4+1 qiency determination. Tp take into accqunt these uncert.ain—
1240 378 0153 0871 25017  6+1 ties, _the detect_lon eff|C|ency_ was multiplied _by correction
LS a9 st oen e s SoefEns wnchwersabianed b he olowng )
1260 163 0.154 0.867 12913 5*1 . . .
1270 241 0.154 0.868 17515 g+o tions on the parameter gnder study, using the selection pa-
1280 229 0.154 0.872 16913 8:02 rameters _uncorrelated_ with thg studied one. The same selec-
' ' - tion criteria were applied to simulated events. Then the cut
1290 272 0.155 0.866 19915 9%2 was applied to the parameter and the correction coefficient
1300 272 0.155 0.867 18814 6=*2 was calculated:
1310 202 0.155 0.874 15314 5*+1
1320 236 0.155 0.873 114 7+2 n/N
1330 293 0.156 0.876 20615 8+2 Ty @
1340 439 0.156 0.874 28120 12+2
1350 257 0.156 0.876 16914 6X2  \yhereN andM are the number of events in experiment and
1360 625 0.156 0.872 3922 19:3  gimulation respectively selected without any cuts on the pa-
1370 256 0.156 0.879 17915 7+2  rameter under studyy and m are the number of events in
1380 480 0.157 0.880 27818 16-4  experiment and simulation when the cut on the parameter

was applied. As a rule, the error in the coefficiéndetermi-
nation is connected with the uncertainty of background sub-
fitted by a sum of background and signal. The distributiontraction. This systematic error was estimated by varying
for background events was taken from the simulation an@ther selection criteria. The correction coefficieatz

that fore*e™ — =" 7~ 7° events was obtained by using data =0.91+0.03, due to the uncertainty in the distribution
collected in the vicinity of the) meson peak21,22 (the  simulation, was obtained using data collected in the vicinity
X%,T distribution actually does not change in the interyal  of the ¢ resonancé¢21,22. The correction which takes into
=1-1.4 GeV). As a result, the ratio between the number oficcount the inaccuracy of simulation of extra photons is
background events obtained from the fit and the number caI§Ny= 0.87+0.02, and that correction for the inaccuracy of
culated according to Eq1) was found to be 1#0.2. Using  simulationdE/dx energy losses i$yg/qx=0.98+0.01. The
this ratio, the accuracy of the determination of the number obverlap of the beam background with the events containing
background events can be estimated to be about 40%. charged particles can result in track reconstruction failure
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and a decrease of detection efficiency. To take into account 67m2.T -
this effect, background eventsxperimental events collected gzimz PP
when the detector was triggered with an external gengrator g qi(mpi)s

were mixed with the simulated events. It was found that the
detection efficiency decreased by about 3% and therefore the

correction coefficient,,e,=0.97+0.03 was used.
The total correction used in this work is equal to

Stot= 82 X SqeraxX 5N7>< Ooyer=0.750.04.

The systematic error of detection efficiency determination is
5%. The detection efficiency after the applied corrections is Fpe=Tg0

shown in Table I.

IV. THEORETICAL FRAMEWORK
In the VDM framework the cross section of tlee e
— a0 process is
do Amalp.Xp_|?
T
s¥ 1272\s
wherep, andp_ are ther* and=~ momentam, andm.

arew "7~ and# " 70 invariant masses. The form factBrof
the y*— 7" 7~ «° transition has the form

m0m+‘|F|2: ©)

dmpdm,

2
prgpo’JT’lT

D p( mO) D w( mO)

gpi’)T’JT

(4)

Wy Dp(mi) +Awﬂ'(5)

|F|2=‘A,m<s>, >

Here

Dp(mi)=mii—miz—imil“pi(mi),

N2 3
Fpi(mi):(%> .Fpi.(Lm'))

m; gi(m,i)

1
o) =5 (m?— 4m?2) 2,

1
qi(m)=ﬁ[(m2—(mwo+mw)2)

X(m?=(mzo—m_)?)]*

m_=s+m’e+2m2—mi—m2,

wherem_ is the 7w~ #¥ invariant massm_o andm_, are the

neutral and charged pion massésjenotes the sign of a

p-meson @rmw pain charge. Thep®—=7 7~ and p~

Experimental dat@§22] do not contradict the equality of the
coupling constantgi%w:gitw. In this case the? and

p™ meson widths are related as follows:

2 3
mpo Qt(mpi)

©)

2 3"
mpi qO( mpo)

In the subsequent analysis we assume g‘?pa%wzgitw,
and the width values were taken from SND measurements
[22] T 0=149.8 MeV,I',-=150.9 MeV. The neutral and
chargedp mesons masses were assumed to be equal and
were also taken from the SND measuremef2g2] m,
=775.0 MeV.

The second term in Eq4) takes into account the— w
mixing [9]. The polarization operator of this mixinti,,
satisfies Im[I,,,)<Re(ll,,) [27,28, where

r
Regll,,) = \/—wB w—mta ) [(md—m?
a1l,,) T ( )-|(mZ —m?)
—im,(,—T jo(m,)), (6)
so we assumed Inb[,,,) =0 in the subsequent analysis.

Thee*e™ — ' 7~ ¥ process cross section can be writ-
ten in the following way:

0-37T:Up77—>377+0-w77—>377+0-int ’ (7)
where
Ao )
(Tp7T—>37T=?2_Wp7T(S) |Ap7r( S)l ' (8)
dra )
Crw7r~>37T:_S372_Ww7T(S)|Aw7T(S)| ’ (9)

da .
Tint= ?IZ_{Apfrr( S) Aan-r( S) Wint( S)

— o= 70 transition coupling constants could be determined

in the following way:

2
2 B 6’7Tmp01—‘p0

g Opm— 3!
. QO(mp0)3

+A;7T(S)Aww(s)wi*nt(s)}' (10)

The phase space factorg,.(s), W, .(s) andW,(s) were
calculated as follows:
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max( 0) = =2 gpiﬂ'ﬂ'
+(S m d f m dm Xp_|°- , 11
p ( ) 1277 \/—f od My mm + +|p+ p | Wy Dp(mi) ( )
W (S):;J'\g_ m dmof Tm O)m dm,|p. xp_|? MZ (12)
“r 1272 \/g 2m,, 0 ming e D,(mg)D ,(mg)|
1 s—m ma>i ) - - [ II wg O g [Py
Wi (S)=——— mod f 0mdm x_2~(#- £ . 13
|nt( ) 1272J§f2mﬁ od My mln + +|p+ p | _Dp(mO)Dw(mO) =S Dp(mi) ( )
[
Amplitudes of they*—p# and y*— o transitions have gmax
the form JO i 0-37T(SlEy)F(S!E‘y)e(SlE)/)dEy
&(s)= (20)
03.(S
pr(s)z E g‘ngVpﬂ' |¢ oV, (14) 3 ( )

V=w,),0', ... V(S) . . .
HereE,, is the emitted photon energl(s,E,) is the elec-

IvIvasd - tron radlator” functlon [29], e(s Ey) is the detectlon effi-
A, (s)= D LT iy, (15  ciency of the process'e” — 7" 7%(y,,4) as a function
V=pp'. ... Dv(s) of the emitted photon energy and the energy in ¢ie"
center of mass systemn;;.(s) is the theoretical energy de-
pendence of the cross section given by Ej.
Dv(s)=m\2,—s—i \/EFV(S), _ To obtain the _values of(s) at eaeh energy point, the
visible cross section of the proces$e™ — 7" 7~ 7°(7;aq)

where

Iy(s)=2, T(V=f.9). pis(s) = Nard
~IL(s)

Heref denotes the final state of the vector me&bdecay.

d.v (¢,y) are relative interference phases between vectowas fitted by theoretical energy dependence
mesonsV andw (p), so ¢,,=0 and¢,,=0. The coupling

constants are determined through the decay branching ratios a"(s)=03,(S)&(s).

in the following way:

The following logarithmic likelihood function was mini-

|gVy| - | Ao ( 6) -
(O_%MS_ U;[h)Z
r 2_
| = 47T B(V—pm)|Y2 an X —Ei 2
G BT R
i wherei is the energy point numbed; is the error of the
1/2 . i
IGvanl= 1271 \B(V— o) (18  Visible cross section's.
“n az,.(my) ' In a good approximation the contributioms,, .5, and
) oint IN expressiorn(7) can be omitted, as they are rather small
whereq,,,(s) is the w-meson momentum. (~5-10%) and actually do not modify the shapeuaf (s)
energy dependence. So we assumed thai. (s)
V. CROSS SECTION MEASUREMENT 0 pr34(). The amplitude of they* — pr transition(14)

was written
From the data in Table | the cross section of the process as en as

ete"— 77 7#° can be calculated as follows: )
1 rymgvmyo(V—3m)
N37T(S) Apﬂ'(s) =
o(S)=——F—, 19 VATA V=0,4,0" 0" Dy(s)
e"me
where N3 (s) is the number of selectede*e” X —, (21
—ata 70(y) events,IL(s) is the integrated luminosity, VW, -(my)

&(s) is the function which takes into account the detection
efficiency and radiative corrections for initial state radiation:where
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_ 127B(V—e'te )B(V—X)

o(V—X)

2
my

The following form of the energy dependence of theand
o" total width was used:

W, (s)

I'y(s)=Ty (M) -
In the fit the ® meson parametergnass, width, branching
ratios of main decayswere fixed at their Particle Data Group
(PDG) values[1], and the¢p meson mass and width were
fixed at the values measured by SI\Z1]. It was showrj21]
that theo(¢— 37) parameter and the cross section value al

Js>1027 MeV have a rather large model error, due to the

uncertainty in the choice of the phagg,, and the value of
additional, besides th¢ and w resonances, contributions to
the transition amplitude. Therefore we have taken dife

PHYSICAL REVIEW D 66, 032001 (2002

common for all energy points. The model uncertainty
Tmod(S) is significant in the region/s=1027-1080 MeV
and was obtained from the difference &fs) values deter-
mined for the six models mentioned above. The error
Tprg(S) takes into account the inaccuracy 40%) of back-
ground subtraction and depends on the beam energy.

The obtained cross section differs by about-3%% from
the previous SND resuftl7] (Fig. 10, which claimed a sys-
tematic error about 12%. This difference is attributed to the
fact that in the new analysis we implemented corrections to
the detection efficiencydescribed in Sec. Il Cwhich were
not used in the previous one. The comparison of the mea-
sured cross section with the other experimental results is pre-
tsented in Fig. 11.

VI. APPROXIMATION OF THE =%~ MASS SPECTRA

The contribution of thee"e™ - wm’— p°m’— 7t 7~ 7°

mechanism to the process e — =" 7~ #° is seen as the

—3m) as a free parameter in the fit and the visible crossnterference in ther 7~ invariant mass spectra. To analyze
section presented in this work was fitted together with thene dipion mass spectra, the form factofexpression4)]

visible cross section from Re21]. The masses and width of

was presented in the following form:

thew’, " resonances were free parameters of the fit. Phases

¢,y can deviate from 180° or 0° and their values can have
energy dependence due to mixing between vector mesons.

For example, the phasg,, was found to be close to 180°
[21] and agree with the predictio30] ¢,,=®(s)
[®(my)=163°], where the functiorP(s) is defined in Ref.
[30]. There are no theoretical predictions ¢f, and ¢,
values and their energy dependences, and we have cons
ered Jo(w'—37) and Jo(w”—3m) as free parameters
ie. ¢,, andae,,» can be equal to 0° or 180°. Th¥s)
values were obtained by approximation of the experiment
data in several models:

(1) ¢,,=180°

2 bup=D(9)

(3) ¢.4 is a free parameter

(4) o(w"—3m)=0, ¢,4,=180°

(5) o(0"—=3m)=0, ¢,4=P(s)

(6) o(w"—=3m)=0, ¢,, is a free parameter.

The values ofé(s) significantly depend on the applied
model in the energy range/s=1040-1090 MeV, and at
Js=1040 MeV the&(s) values differ by a factor 10 for
different models. Above 1090 MeV th&(s) model depen-
dence is negligible. Using obtainef{s) values, the cross
section of theee — =7~ #° process was calculated
(Table 1). The cross section in the energy regiofs
=1027-1060 MeV has changed in comparison with the val
ues reported in Ref21]. In Ref.[21] contributions from the
 excitations were taken into account as a constant ampl

af

g i‘IT7T
FI2=|A,.(s)]? T
[FI*=1A,(s)] i};oﬁ D,(m)
o ReII,, )00, |2
+R(s)e! ™S ———_peZp0mm | 22
(€77 (me)D,, (o) 22

Where R(s) is the absolute value, angl(s) is the phase of
the ratioA,,-(s)/A,~(s). The ¢(s) energy dependence can
e obtained from the approximation of the experimental
7w~ invariant mass spectra as described below. Rf&
value was calculated from the equation

qi’m'( S) 0-377( S)

Rz‘ Wa)’TT(S)_ 3 O'wﬂ-(s)
+R- (67 "Wy (s)+ €W (S))
+W,.(s)=0, (23)

which follows from expressions(8)—(10). The e'e”

— w° cross section was obtained from SND measurements
of the ete " —wn'—7%7%y cross section[26]: o0
=09, 7070,/ B(0— my), o3.(s) is the e'e”

— a7 cross section measured héf@ble II).

The real part of the polarization operafdr,,, is propor-
tional to VB(w— 7" 7). The world average value for this
jpranching ratio i8(w— 7t 77)=2.21+0.30%[1]. The re-

tude. In present analysis the more realistic model was useghlts of B(w— " 7") measurements in different experi-
and it caused a change in the cross section. The systematieents deviate from each other by a factor of more than 1.5.
error of the cross section determination at each energy poirftor example, OLYA detector reported the vali&(w

s is equal to
Osys— O'eff@G'ILEBO'mod(S)@O'bkg(s)-

Hereo;t=5% ando, =2% are systematic uncertainties in

—at77)=2.3+0.5% [31], while CMD-2 experiment re-
ported B(w— w7 7 )=1.33+0.25% [32]. So B(w
—at7) was considered as a free parameter of the fit.

For the mass spectra analysis the events selected in the
energy regionys=1100 MeV were used. For each energy

the detection efficiency and integrated luminosity, which arepoint the* 7~ mass spectra were formed and arranged in

03200
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TABLE Il. The ete — =" 7 «° cross sectionx denotes the points in which the cross section was
calculated using data from Ré21] (the cross section has changed only for energEs 1027 MeV).omoq
is model uncertaintyyyg is the error due to background subtractiog;® o is the error due to uncertainty
in detection efficiency and integrated luminosity determinat& at the energies marked Byand 5.4% for
other energy poinjs and osys= ¢ 1® 0. ® Tmod(S) ® Tpky(S) is the total systematic error.

\/E(MGV) a(nb) Tmod(ND) O'bkg(nb) 0e11® oy (Nb) o'sys(nb)
980.00 15.581.07 0.00 0.00 0.84 0.84
984.02 17.30+0.80 0.00 0.00 0.86 0.86
984.21 18.10+0.90 0.00 0.00 0.91 0.91

1003.71 37.60+1.40 0.00 0.00 1.88 1.88

1003.91 36.20+1.30 0.00 0.00 1.81 1.81

1010.17 68.50+ 2.40 0.00 0.00 3.42 3.42

1010.34 69.50+ 2.50 0.00 0.00 3.48 3.48

1015.43 220.00t6.50 0.00 0.00 11.00 11.00

1015.75 243.10t7.50 0.00 0.00 12.16 12.16

1016.68 358.90+10.60 0.00 0.00 17.94 17.94

1016.78 353.60+11.10 0.00 0.00 17.68 17.68

1017.59 493.60+ 14.90 0.00 0.00 24.68 24.68

1017.72 515.00+15.30 0.00 0.00 25.75 25.75

1018.62 664.20+13.10 0.00 0.00 33.21 33.21

1018.78 658.60t11.60 0.00 0.00 32.93 32.93

1019.51 667.0011.80 0.00 0.00 33.35 33.35

1019.79 595.50+14.10 0.00 0.00 29.77 29.77

1020.43 471.20+15.50 0.00 0.00 23.56 23.56

1020.65 399.80+ 14.50 0.00 0.00 19.99 19.99

1021.41 270.1G:9.90 0.00 0.00 13.51 13.51

1021.68 217.40t8.50 0.00 0.00 10.87 10.87

1022.32 142.90+6.10 0.00 0.00 7.14 7.14

1023.27 92.20+3.40 0.00 0.00 4.61 4.61

1027.52 15.33-0.73 0.57 0.00 0.77 0.96

1028.23 10.81+0.62 0.52 0.00 0.54 0.75

1033.58 1.75-£0.11 0.47 0.00 0.09 0.48

1033.84 1.43+0.12 0.41 0.00 0.07 0.42

1039.59 0.37£0.04 0.31 0.00 0.02 0.31

1039.64 0.37£0.03 0.31 0.00 0.02 0.31

1040.00 0.46:0.04 0.33 0.00 0.02 0.33

1049.60 1.12+0.12 0.20 0.00 0.06 0.21

1049.81 1.14+0.15 0.20 0.00 0.06 0.21

1050.00 1.3%£0.18 0.23 0.00 0.07 0.24

1059.52 1.75+0.21 0.09 0.00 0.09 0.13

1059.66 1.84+0.28 0.09 0.00 0.09 0.13

1060.00 2.46:0.20 0.14 0.00 0.13 0.19

1070.00 3.2%0.47 0.07 0.04 0.17 0.19

1080.00 3.460.24 0.07 0.09 0.19 0.22

1090.00 3.840.57 0.03 0.07 0.21 0.22

1100.00 4.020.29 0.00 0.09 0.22 0.24

1110.00 5.66:0.89 0.00 0.05 0.31 0.31

1120.00 5.190.42 0.00 0.11 0.28 0.30

1130.00 5.040.67 0.00 0.10 0.27 0.29

1140.00 4.56¢:0.40 0.00 0.09 0.24 0.26

1150.00 6.46:0.98 0.00 0.10 0.35 0.36

1160.00 5.120.39 0.00 0.10 0.28 0.29

1180.00 5.3¢0.37 0.00 0.09 0.29 0.30

1190.00 5.440.53 0.00 0.08 0.29 0.30

1200.00 4.890.32 0.00 0.09 0.26 0.28

032001-8



STUDY OF THE PROCES®'e — 7 7 7% ... PHYSICAL REVIEW D 66, 032001 (2002

TABLE Il. (Continued).

Vs(MeV) o(nb) Omod(ND) opkg(Nb) oeti® oy (nb) osy{Nb)
1210.00 6.39-0.60 0.00 0.08 0.34 0.35
1220.00 5.680.41 0.00 0.07 0.31 0.32
1230.00 5.480.59 0.00 0.09 0.30 0.31
1240.00 4.960.34 0.00 0.04 0.27 0.27
1250.00 5.9%0.51 0.00 0.08 0.32 0.33
1260.00 5.920.60 0.00 0.10 0.32 0.33
1270.00 5.4%0.47 0.00 0.10 0.29 0.31
1280.00 5.56:0.43 0.00 0.10 0.30 0.31
1290.00 5.46:0.42 0.00 0.10 0.29 0.31
1300.00 5.130.40 0.00 0.07 0.28 0.29
1310.00 5.580.52 0.00 0.07 0.30 0.31
1320.00 5.440.44 0.00 0.09 0.29 0.31
1330.00 5.1%0.38 0.00 0.08 0.28 0.29
1340.00 4.760.34 0.00 0.08 0.25 0.27
1350.00 4.820.41 0.00 0.07 0.26 0.27
1360.00 4.680.27 0.00 0.09 0.25 0.27
1370.00 5.090.43 0.00 0.08 0.27 0.29
1380.00 4.2%0.28 0.00 0.09 0.23 0.25

histograms with a dipion mass range from 280 to 1240 MeMwherej is the bin numberA=20 MeV is a half of the bin

and bin width of 40 MeV. The invariant mass values werewidth, m; is the central value of the invariant mass in ftie

calculated after the kinematic reconstruction. The expecteflin, and Cy(s) is a normalizing coefficient. These spectra

background was subtracted bin by bin while forming thewere corrected taking into account the detection efficiency

desired histograms. €% for the jth bin and a probabilita’ for the event be-
The analysis of the dipion mass spectra was performed ifonging to thejth bin to migrate to théth bin due to the

a way similar to this described in R¢22]. The experimental finite detector resolution

spectra were fitted with theoretical distributions. Using the

ete”— a7 70 cross sectiori3) and form factorn(22), the

theoretical spectra were calculated:

G9(s)= > alls9(s)el? . [1450)(s)].

Ca(s)\ g
(29

) 1 fijrA q
S(s)= . m
7 (S) Cs(S) Jmj-a o€

Here 5i(°)(s) is a radiative correction andg(s) is a normal-

o) e, izing coefficient. The values i, € and 5{°(s) were
XJ o medmy|p.p_|*[F|%, (24  obtained from simulation.
M (Mo) The function to be minimized was
2 5°f
o - 1} 11,11 6
i I I I 1 }1}}11} - m DM2
L lJ_I {i 1 { {{{ 1 i 11
a1 l{ {EI it b3, al- O ND
SR amite TR TT : H
L {{i{ *  SNDO1 o H % H ;
ﬁH e SND99 i { S
0 1 | 1 1 1 | 1 1 1 | 1 1 1 0 L II 1 | | 1 1 1 ‘ 1 1 1 | 1 1 Il | i 1 i Il i Il E
1100 1200 1300 . 1000 1200 1400 1600 1802 2000
Vs (MeV) Vs (MeV)
FIG. 10. Comparison of the*e™ — 7+ 7~ 70 cross section ob- FIG. 11. Thee*e™— #* 7~ #° cross section af/s from 1030 to
tained in previous SND workl7] (dot9 and in this ongstars. 2000 MeV. SND, ND[15] and DM2[16] results are shown.
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TABLE lIl. The relative phase)(s) of the amplitudesA,,, and = 0.2
A, . - |
: = e EXP
2 015 -
Js(MeV) #(s)(deg) P(x0) - FIT (pr+om)
1100 ~57+3¢ 0.59 MC (o7t 3
1110 —66=58 0.57 &l = (pr)
1120 -1x3 0.23 -
1130 37 42 0.33 0.05 |
1140 130+ 3 0.32 |
1150 60t 180 0.86 i e e > |
35
1160 ~10%5 0.03 400 600 800 1000 1200
1180 25+ 283 0.98 mn+ - (MeV)
1190 —-20+33 0.28
1200 23+3 0.79 FIG. 12. Ther* 7~ invariant mass spectrum & from 1200
1210 131+43 0.48 to 1380 MeV.
1220 —16*+51 0.44
1230 —102+37 0.28 mass of ther™ 7° pairs does not contradict to ther inter-
1240 —-21+82 0.45 mediate state model at the level of our statistical accuracy.
1250 26+3 0.46 These figures demonstrate that together withptheinterme-
1260 —14+8 0.18 diate state thev#® intermediate state also contributes to the
1270 — 264 0.12 procese’e” -7 7l
1280 1+3% 0.79
1290 23+45 0.67 VII. THE e*e — a7~ #° TOTAL CROSS SECTION
1300 —17+33 0.33 ANALYSIS
1310 325 0.42 _ .~ 4 _ .
54 The analysis of the"e”—# "7 7 cross section en-
1320 —34+3 0.25 ; .
28 ergy dependence obtained héfable 1l) met the following
1330 41+ % 0.32 29 b
1340 30425 0.52 difficulties:
1350 203! 0.82 (1) The cross section was measured in the limités
1360 35; 3 0'02 energy region and it is necessary to use the results of other
:gg ' experiments. As a result, because of different systematic ef-
1370 19+ 3 0.17 fects the problem of matching cross sections of various mea-
1380 23%3 0.88 surements arises.

B~

HO - G(®

O_.iOi
i

)

(26)

(2) In the ideal case, to obtain the vector mesons param-
eters, the combined fit of a#* e~ —hadrons cross sections
iS necessary.

The cross section measured in this work was analyzed
together with the DM2 results of the"e™ — 7" 7~ #° and
wmtm™ [16] cross sections measurements. Taée~

Here H® is the normalized experimentat® 7~ mass dis- .
tribution (histogram; ¢(@=AH®®AG® include the un- "
certaintiesAH{®) and AG(?) of the experimental and theo-
retical distributions AH (%> AG(?). 0.2
During the fitting the phasé(s) at each energy point and E
B(w— " 7~) were free parameters. Values of the phaseZ"
¥ (s) were allowed to vary fron—180° to 180°. The ob-
tainedy(s) values are presented in Table Ill. The systematic
inaccuracy ofiy(s) is about 7° and is connected with a sys- 0.1
tematic error inR(s) determination, which in its turn is
about 4% due to uncertinities af,, and o3, measure-
ments. Thew— 7" 7~ decay probability was found to be
equal to 2.38 55+0.18%, where the systematic error is
also related to the uncertainty of tiRé€s) determination. In
Figs. 12 and 13 the experimentalr mass spectra together
with the theoretical distributions obtained from the fit and the
spectra expected from the ondyr intermediate state model
are shown. In ther™ 7~ mass spectra the peak in the

w70 cross section was fitted by the expressi@nh
The A, amplitude was written in the following way:

meson region is clearly seen. The distribution of the invariant.380 MeV.
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1 (I‘wmi\/mwa(a)—ﬁﬂ') 1 Y

g7 * SND
D(s) VW, (m,) ©20" ! { eCLEO

| Tomimgo(g—3m) O 15
D y(s) VW, .(my) =
8 Fwimii Vm,io(w'—37) 51

Apr(8)=

4

= DM2

+ |
i=1 Da)'(s) P P N B B
1000 1200 1400 1600 1800
el ool Vs (MeV)
X—=], (27)
*/pr(mwi) FIG. 14. Thee"e™ — w7 cross section. The SN[26], CLEO2

[24] and DM2[33] data are shown. The solid curve is the cross

wherei is the resonance number. The following form of the S€ction energy dependence in the case whep,=A,_.,
+A, +A,_ .., the dashed curve is energy dependence in the

{ 1 . p'—om 14
energy dependence of the total widths was used: caseA. = A YA,

p— T p'—wm

Ti(s)=T,1 Woa(S) (29) ~1 GeV, phasep,,=180° ando(p"—wm)~9 nb. The
¢ ¢ W, -(m,,1) ’ p" total width energy dependence is taken to be the follow-
ing:
. W, .(s . 2 3 3
Fwi(S)=Fwi( B(w'—>377)4+8(w'—>w7777) T (s)=T 0 e O7r(S) 9 Uyr(S)
pm mw') p P s qf’.,ﬂ.(mp") qzw(mp”)
y W77(S) o3 29 (3D
N R 1= 7= . .
W »m(Mgi) where q,,.(s) is the pion momentum. The second model

assumes that thrgg p’ andp” resonances contribute to the

Here W,,,..(s) is the phase space factor of ther final e'e"—wm cross section(i.e. A, =A, ,tA, .
state[7]. The probabilities of thes' decays intor* 7~ 7%  TAy—ux). In this case the parameters of the model are

and w7 were calculated in the following way: 9por~16.8 GeV'l, m,~1480 MeV, I, ~790 MeV,
b,y =180°, o(p'—wm)~86 nb, andm,,~1640 MeV,

) O'(wl—>f) FPHN1290 MeV, ¢pp":O°' (T(p"—>w77)~48 nb-. Thep'
Blw—f)=——"—. (30) andp” total width energy dependence is taken in the form
> o(w'—f)
f 05+(S)
Fpr(//)(s):rp/(u) 3 (32)

. . m rmn '
Here o(0w'—wmm)=150(0'—-wm 7). In the total (M)

width energy dependence the contributions from the follow-

. . g , In both models the meson energy dependent width has the
ing final states were neglected K™ 7", K*K™ 7", ® gy dep

0 form
K*°K*7~, KK. The w meson parameters were fixed ac-
cording to the PDG table valug¢d]. Themy, I', and pa- m2 e (s) ¢
— i’ P T pwT
rameters of thep— KK and »y decays were fixed at the Fp(S)ZFpO—S C(mo 127 95 (S). (33
T P

values obtained by SNI21], while o(¢—37) was a free
parameter of the fit. As it was mentioned above, the phases Theete~ + 1 Drocess cross section was written in
b, can differ from 0° or 180° and be energy dependent Swmim P

: ~~ ' the following way:
Here we consider only/o(w'— 3) as a free parameter, i.e.

$,,i=0° or 180°. o 12 1m0 —er 7 )m,
For theA, . amplitude two models with different energy O omm="ox ad
behavior of the phase were used. Their parameters were ob- s¥2|i=2 D.i(s)
tained by fitting thee*e™ — w#®— 770y cross section )
measured by SNI26] and CLEO?2 data on— 377 decay y W, 7a(S) (34
[24] (Fig. 14). The first model was suggested in Rf6]. It W, (M)
assumes that only the and p” resonances contribute to the
e'e” —wm cross sectiorfi.e. A=A, ,.+A, ), at The cross sections of the'e” 7' 7~ 7% andwn " 7~

that the following parameters are used: the coupling constamirocesses measured by SND and DM2 were fitted together.
Jpor—15.2 GeV'?, p"-massm,,~1700 MeV, widthl",»  The function to be minimized was
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TABLE IV. The results of the fit, taking into account three resonances.

[ m,i (MeV) I'i (MeV) o(w'—3m) (nb) o(w'—omt77) (nb) Do
1 1249+¢2 404+58 0.22+923 180°
2 1428+23 765+ 3% 2.02+523 0.05+9:05 180°
3 1773+ % 483+9% 2.43+9%8 2,50+ 33 0°
XZ:XgW(SND)+X§W(DM2)+XMW(DM2) differs from zero by about one standard deviation. If in this
' approximation one takes into account the contribution from
where the wm— 7" 7 #° mechanism, theno(w'—37)=0.07
(sND) ) +532 nb, and the parameters of th€, »° resonances de-
9 03 (S) = 034(8) viate from their previous values within their statistical errors.
X3w(SND):§S: A%SND)(S) So in the further analysis the parametefw!—37) was
m

fixed to zero and for thew?, w2 resonances a more usual
H ! n
(ng,a(DW)(s)_U%(s))z notationw’, »” was used.

37 The further fittings were performed under the following
0

2 —
X37(DM2)_ES A(DMZ)(S)
37

assumptions(1) the contribution from thevr— 7" 7~ =7
was not taken into account, i.er,, .3,=0, 0n=0;
Corr Toma2N(S) =0 yrn(S) | 2 (2) the first model for the amplitudeA,, was used;
APM2)(g) . (3) the second model for the amplitude, . was used.
@mT The results of the fits are shown in Tables V, VI and Figs.

Here o XD (s) are the experimental cross sections 15, 16. In case when no relative shift between SND and

are their uncertainties, and,, and C,,,, are coefficients DM2 experiments was assumed, the valuexdfpwo) is
which take into account the relative systematic bias betweeffther large. The obtained parameters depend weakly on the
SND and DM2 data. The*e —x* 7 70 cross section applied model.

measured by SNDTable 1)) was fitted in the energy region

J/s from 980 to 1380 MeV. The error&,(syp include the VIIl. DISCUSSION

statisticalo s, and the following systematic errorsy, 4 due
to the inaccuracy of the background subtraction angq

due to model dependence. Thusr(snp=0sta®Tmod  contibutions of the and ¢ mesons and two additional’,

©opkg. The fitting was performed withmgi, I, ,, _ .
Jolw=3m), Jo(w ) and of 3m) as free " resonances. The following’ parameters were obtained
o(w'—3m), JVo(o'—wwm" 7 o(dp—3m (Table V):

2 —
Xonﬂ'r(DMZ)_ E
S

[SND(DM2)]

The fit results revealed that the'e -7 7 #° and

e"e —ww' 7w cross sections can be described by a sum of

parameters.

To estimate the possible relative bias between SND and m.,=1490+50+ 25 MeV
DM2 data, theC5, was considered as a free parameter as ¢ ’
well. It was found thatC,;,.=1.72-0.24. To estimate the rw,zlzlorgggi 170 MeV,

possible biases independently the cross sections of the
ete”— w7 process(Fig. 14 measured by SNIP26] and
DM2 [33], and cross section calculated, by using CVC hy-
pothesis, from the CLEO2 result on thes 3770 decay[24]

were also studied. The"e™ — w#° cross section was mea-
sured by DM2 by usingr™ 7~ 2#° final state, i.e. as in the
case of ther" 7~ 7% and w7~ final states the events b oo ~180°.
containing both tracks and photons were detected. This gives , i . o )
us a hope that all these DM2 measurements have similath€ @’ decays mostly intor " - B(w"—3m)=99%
systematic errors. The SND and CLEO?2 data agree rathétd its electronic width i§'(»’—e"e”)=650 eV. Thew"
well. The DM2 and CLEO2 data points are strongly over-Parameters were found to be

lapped. The average ratio of the CLEO2 and DM2 cross

sections is 1.54, and this agrees Wity =1.72+0.24. In m,»=1790-40=10 MeV,
further analysis we assumét}, =C,, ... and fixed these co-

o(w'—37)=3.5-0.5+0.2 nb,

(o' —wr 7 )=0.03-53:+0.01 nb,

efficients at 1 or 1.54. I ,»=560%136+20 MeV,
It is generally accepted that two-like resonances’ and

" exist[1,16]. The first fit was done by assuming that the (0" —3m)=2.0+0.40=0.8 nb,

number of thew' resonances is equal to 3 and without taking

into account thewm— 7" 7~ 7° mechanismi.e., o, .3, o(0"—omt7 )=1.920.4£0.8 nb,

=0 andoj,;=0 were assumegdThe obtained parameters of

the ' resonances are shown in Table IV. Théw'—37) G~ 0°.
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TABLE V. Fit results for thee™e"— a7~ #° and wm " 7~ cross sections. The column numher
corresponds to the different models fyg,. amplitude NSN?, NPM2)  andN(PM2) gre the number of fitted

points of the processes' e — 7' 7 7 andwm " 7~ obtained in SND and DM2 experiments. The DM2
data was used in the fit as published in Héb].

N 1 2 3
o(¢p—3m) (nb) 647+ 4 646+ 4 647+4
m,, (MeV) 1506+ 39 1465+ 3 1481+ 3
T, (MeV) 1322+37 1037+ ggg 1079+ 7%
o(w'—3m) (nb) 3.31+0.49 3.44+ 378 3.56+ 043
o(o0' —wmt77) (nb) 0.03+ 908 0.03+0%; 0.03+0.53
Bow: 180° 180° 180°
m,» (MeV) 1798+ 53 1801+ 53 1793+%
T, (MeV) 581+118 580+ 112 560= igg
o(w"—3) (nb) 1.72+943 1.27+333 1.54+ 33
o(0"—wm"77) (Nb) 1.51+53% 1.48+53% 1.53+53
oo 0° 0° 0°
Xan(sno/ NS 55.3/67 52.4/67 52.7/67
Xanomzy NEM?) 40.2/18 42.8/18 39.5/18
X mmomz) N2 9.3/18 0.8/18 9.3/18

2_(mw//)2 F((l)”—>e+e7) 5

m,| T(w—e'e)

w

The " resonance decays with approximately equal prob- ‘PS,,(O)

abilities intorr* 7~ 7° and wmrar: B(w”"—37)=0.4, B(w" ’—“é

—omm)=0.6 and it has the electronic widt (v" vo(0)

—e*e”)=600 eV. The second errors shown are due to the

uncertainty of theA,,, amplitude choice and possible rela- where w$(0) is the radial wave function of theq bound

tive bias between different experiments. state at the origin. For the quark-antiquark potentials used to
The rather large electronic widths obtained for theand  describe heavy quarkonia, such ratios are always less than

' resonances may represent some challenge for theory. ity [34]. This is also confirmed experimentally. For ex-
the framework of the nonrelativistic quark model one Canample analogous  ratios focc and bb states are

btain the foll tios:

obtain the following ratios: W59 (OV5,(0)2=057, [ ¥306(0)/¥35(0)?
S,02 (m.\? [(o —ete) =0.44, |1PY(3S)(O)/\IIY(15)(O)|2 0.43. Of course, the non-
— _'*’) 4, relativistic quark model is unreliable for light-quadkstates.
v(0) m,/ I'(o—e’e’) But, surprisingly, it gives quite reasonable description of the

TABLE VI. Fit results for thee*e” —n" 7~ #° and wn™ 7w~ cross sections. The column numkér
corresponds to the different models fyg,, amplitude NSNP, NPM2)  andN(PM2) gre the number of fitted

points of the processes’ e — 77 7 andw= " 7~ obtained in SND and DM2 experiments. The DM2
data was increased by a factor 1.54.

N 1 2 3
o(¢p—3m) (nb) 646+ 4 646+ 4 646+ 4
m, (MeV) 1513+% 1472+%9 1491+ 33
r, (MeV) 1383+ 3% 1095+ 359 1156+ %7
o(w'—3m) (nb) 3.45+0.50 3.57+ 581 3.65+ 52
oo —wr"77) (nb) 0.03+ 389 0.03+ 333 0.04+ 832
Dow: 180° 180° 180°
m,, (MeV) 1784+ 38 1784+ 1780+ 38
I, (MeV) 563+ ﬁg 550+ 1%% 544+ 132
o(@"—3m) (nb) 2.80+ 558 2.29+5% 2.59+38
o(0"—wm" 7)) (nb) 2.35+ 078 2.34+ 348 2.40+09
Dowr 0° 0° 0°
ng(SND)/Ngf;ND) 51.8/67 49.2/67 49.6/67
XSﬁ(DMZ)/N% 22.1/18 22.7/18 22.1/18
X2 mmomz) N2 9.3/18 9.4/18 9.3
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[16] data are shown. Curves are the fit results. Dashed curve is t

fit with DM2 data increased by a factor 1.54.

ground statep, w, and ¢ meson leptonic widths, which do
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g

=100
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FIG. 17. The comparison of the relative phaggs) of the am-

holitudesA,m andA,, . measured in this workdots with theoretical

(?ependences: the solid curve is the phéggs) in the caseA, .
=A,_wrt Ay _wrtAy_,r the dashed curve is the phagés)
in the caséA,,,=A,_ .+t Ay,

p"—wm "

not change radically in the framework of the “relativized” ' .
: S The fit was performed by assuminfg, ,=®(s) [30]. If ¢,,,
quark mode(35]. For comparison, the nonrelativistic quark is considered to be a free parameter of the fit, then its value

model predictions for the two photon widths of the light is
pseudoscalar mesons are dramatically wrong and only thé
“relativized” model gives reasonable res(iB6]. More pre-

cise data and deeper analysis are required to draw strict con-

clusions. _ _ _ . which agrees withP(m,) =163° [30].

Thew’, " widths obtained from the fit are rather large in - The relative phase(s) betweenA . andA,,, amplitudes
comparison with their masséthis result agrees with experi- gng B(wo— ') was obtained frgm ther ™7 invariant
mental data analysis reported i6—8]). In this context the aqg spectra analysis in th& energy region from 1100 to
question whether the sum of Breit-Wigner amplitudes is an 3g MeV (Table IlI, Fig. 17. The phase/(s) can be also
adequate description of the cross sections in the energy regcyjated from the total cross section fit resyifable V).

gion m,< /<2000 MeV becomes actual. _ Figure 17 demonstrates that the phasgs) energy depen-
The presented analysis of the-like excited states is §ence cannot be described if the model with, = A
somewhat speculative since we had to assume a rather largen odelin wi

ok »"—on 1S Used. On the other hand, the model in which
systematic bias between SND and DM2 measurements. Aur=Aywnt Ay wnt Ay o gives satisfactory descrip-
The o(¢p— 3m) was found to be equal

tion of the data. Th&— 7" 7~ decay probability was found
to be

boy=164°3°,

o(¢p—37)=646+=4+37 nb.
This agrees with the results of SND studies of thee™ B(w— " m") =238 744+ 0.18%.
— a7~ 70 cross section in the vicinity of theé resonance
o(¢p—37)=659+35 nb[21]. The slight deviations in the
central value and the error can be related to the difference i
descriptions of the', »” contributions used in these works.

This result does not contradict both to OLYA measurements
1] and world average valyd], as well as to CMD?2 result

32). Using the results of the tota*e™ — 7" 7~ «° cross

section andr* 7~ invariant mass spectra analysis, the con-

3 tribution of thee*e™ —pm— 7" 7~ w® mechanism to the

L total cross section was estimated tob80% in the energy

range/s=1100-1380 MeV.

For the data analysis the model which takes into account
only efe  —pr—mm 7% and wn®— 7" 7~ 7° mecha-
nisms were used. The"e™—p "r— 7" 7~ 7°, intermedi-
ate state, as well as tlpeand 7 meson interaction in the final
state[27] are also possible. Taking into account these contri-
butions in the fit can change this) values, but the statis-
tics collected in SND experiments is not enough for studies

of such contributions. In addition, the parameters of;tHé)
resonances are poorly established. In the energy dependence
of the total width the contributions from the following de-
cays were not taken into account ('LKK* 7™,
K*OK_WJ’(K*OKJWT_), KK p/(”)—>p7r'n', pata, KK

6 (nb)

1250

1500 1750 2000

Vs (MeV)

FIG. 16. Theete” —ww "~ cross section. DM216] data are
shown; the curve is the fit result.
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KsK= 7™, K*OK*w*(K*OK*w*). The mixing between l0sses and initial state radiation, the cross section measure-
vector mesons excitations was neglected. It is possible that@ents reported her€Table 1)) supersede those in R¢fl7]
more detailed model for tha,,, and A, amplitudes can and Ref.[21]. The measured cross section was analy;ed in
change the calculated energy dependence of the phaje  the framework of the generalized vector meson dominance
presented in Fig. 17. model together with thee*e =77 #° and wm’ 7~

At present in BINRINovosibirsk the VEPP-2000 collider Cross sections obtained by DM2. It was found that the ex-
with energy range from 0.36 to 2 GeV and luminosity up toPerimental data can be described with a sum of _contrlbutlons
102 cm 2 s ! (at/s~2 GeV) is under constructiof87). of w, ¢ mesons and twa' and” resonances with masses
The two detectors SNIP38] and CMD-2M [39] are being Mo’ 1490, m,,~1790 MeV and widthd", ~1210, T,
upgraded for experiments at this new facility. In these experi=~°60 MeV. The analysis of the dipion mass spectra in the
ments the increase of the accuracy in determination ofnergy region/s from 1100 to 1380 MeV has shown that for
ete” —hadrons cross sections is expected in the energheir description the meChaniSﬂTe*Hwﬂoﬁﬂiﬂfﬂo is
rangem, < \/s<2000 MeV. We hope that the new data will réquired. The phase betweerie” —wm ande’e —pm

improve the understanding of the naturep)'f") o and Processes amplitudes was measured for the first time. Its

" ) , value is close to zero and depends on energy.
¢ '’ resonances, as well as their decay mechanisms and the-

oretical methods of their description.
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