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The cross section of the processe” — "7~ 7° was measured in the Spherical Neutral Dete¢&MD)
experiment at the VEPP-2M collider in the energy regi@nbelow 980 MeV. This measurement was based on
about 1.% 10° selected events. The obtained cross section was analyzed together with the SND and DM2 data
in the energy region/s up to 2 GeV. Thew-meson parametens,,=782.79-0.08+0.09 MeV, I',,=8.68
+0.04+0.15 MeV, ando(w—37)= 16159+ 57 nb were obtained. It was found that the experimental data
cannot be described by a sum of only ¢, »’, andw” resonance contributions. This can be interpreted as a
manifestation ofp— 3 decay, suppressed by parity, with a relative probabilityg(p— 3)=(1.01"334
+0.034)x 104,
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I. INTRODUCTION surement in the energy regiafs below 980 MeV. The cross
section obtained was analyzed together with the $RR27)
The cross section of the'e™ — 7" 7~ 7° process in the and DM2[25] data in the energy region up to 2000 MeV.
energy region/s< 2 GeV is determined by the transitions of
light vector mesond/(V=w,¢,0’,«") into the final state:
V—ata 7% TheV— =" 7 #° branching ratios for vec- Il. EXPERIMENT

tor mesons with |sospn’n=/0 are Iarge,B(wH—>3Tr)zO.9, The SND detectof29] operated from 1995 to 2000 at the
B(¢—3m)=0.15 [}]; B(“’+_:372)”1' B(w __’377)~0'5 VEPP-2M[30] collider in the energy range's from 360 to

[2], and thus thee"e” — 7" 7~ 7 cross section measure- 1400 MeV. The detector contains several subsystems. The
ments are important for the study of these resonances. Thgacking system includes two cylindrical drift chambers. The
pm intermediate state dominates in these transitions.\The three-layer spherical electromagnetic calorimeter is based on
— 7"~ ¥ transition can also proceed via mechanisms supNal(Tl) crystals. The muon/veto system consists of plastic
pressed by thes parity: V—on®—7" 7 7% [2,3] or V  scintillation counters and two layers of streamer tubes. The
—pm—a 7% (V=p,p',p"). Studies of thee*e™  calorimeter energy and angular resolutions depend on the
— @~ 7 reaction allow us to determine the vector mesonphoton energy asre/E(%)=4.2%/4[4E(GeV) and Tpo
parameters and provide information on the Okubo-Zweig-—( g2°/,E(GeV)®0.63°. The tracking system anéjular
lizuka (OZI) rule violation in ¢—3m decay and on the resojution is about 0.5° and 2° for azimuthal and polar
G-parity violation in the processgsp’ (" — 3. angles, respectively.

The procese’e”— 77 7° in the energy region/s In 1998—2000 the SND detector collected data in the en-
below 2200 MeV was studied in several experiments duringrgy region./s<980 MeV with integrated luminosity about
the last 30 years. The meson production region was stud- 10.0 pb L. For the luminosity measurements, the processes
ied in Refs.[4-10] and studies of thes meson energy do- e+~ _.e*e™ ande*e — yy were used. In this work the
main were reported in Ref$8,11-16. In Refs.[8,17-19  |yminosity measured by using e — yy was used for nor-
thee’e—z "7 7° cross section was studied in the wide malization, because in themeson energy region the contri-
energy region/s from 660 up to 1100 MeV and in ReR0]  pution of the efe — "7~ background to thee*e
an upper limit was imposed on th@&-parity suppressed de- _,e*e~ process is rather large. The systematic error of the
cay p—3m. e"e”—x " m~ «° cross section measurements integrated luminosity determination is estimated to be 2%.
in the o' and " resonance energy regiony¢  Since luminosity measurements bg'e —e'e” and
=1100-2200 MeV) were reported in Ref8,19,21-2% e"e”— yy reveal a systematic spread of about 1%, this was

Recently, the process’e” — 7" 7~ 7° was also studied added to the statistical error of the luminosity determination
with the Spherical Neutral DetectdEND) [2,26-28, the  at each energy point. The statistical accuracy was better than
process dynamics was analyzed, and the cross section wagg.
measured in the energy regiafs from 980 to 1380 MeV. The beam energy was calculated from the magnetic field
Here we present the*e”— 7" 7~ 7% cross section mea- value in the bending magnets and the revolution frequency of

the collider. The relative accuracy of the energy setting for
each energy point is about 0.1 MeV, while the common shift
*Email address: achasov@inp.nsk.su of the energy scale for all points within the scan can amount
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FIG. 1. Two-photon invariant mass distribution in teée™
—ata 70 events.

to 0.5 MeV. At the three energy points in the vicinity of the
w resonance peak the beam energy was calibrated using t
resonant depolarization methd81]. The accuracy of the

center of mass energy calibration is 0.04 MeV. In order to
h

n

energy scale in the experimental scans were the free param-;

correct the calculated beam energy, the common shifts of t

eters in the analysis and varied relative to the calibrated e
ergy points. The beam energy spread varies in the range fro
0.08 MeV at s=440 MeV to 0.35 MeV at s
=970 MeV.

IIl. DATA ANALYSIS

A. Selection ofete™—at#~ «#° events

The data analysis and selection criteria used in this worlg

are similar to those described in Reffg,27,2§. During the
experimental runs, the first-level triggE29] selects events
with energy deposition in the calorimeter greater than 18

MeV and with two or greater charged particles. During pro-

cessing of the experimental data the event reconstruction
performed[27,29. For further analysis, events containing
two or more photons and two charged particles with
<10 cm and <1 cm were selected. Herds the coordinate

of the charged particle production point along the beam axis
gec b P b g r{ground events decreased by a factor of about 10, while the

(the longitudinal size of the interaction region depends o
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FIG. 2. They3,, distribution in thee*e™ — 7" 7~ #° events.

PHYSICAL REVIEW D 68, 052006 (2003

) r
[ i
E i
S 60000 @
o i
40000
20000 -
ol | |
50 100 150
Y (degree)

FIG. 3. Angle ¢ between the charged pions in these”
— a7 7% events.

beam energy and varies from 2 to 2.5)cmis the distance
between the charged particle track and the beam axis in the
ﬁé¢ plane. Extra photons ie*e” — "7~ #° events can
appear because of the overlap with the beam background or
nuclear interactions of the charged pions in the calorimeter.
nder these selection conditions, the background sources are
e+e_*>0)7TO*>7T+’IT_7TO7TO, ete " —efe” Y, e+e_7y,
7 (y), uw u (y) processes, and cosmic and beam
ckgrounds.

The polar angles of the charged particles were bounded by
the criterion 15%< #<165°. To suppress the cosmic and
beam backgrounds, the following cuts were appligg;,,
>100 MeV, 2<N,=<3, |Az|<3cm, and y>20°. Here
Eneu is the energy deposition of the neutral particlss, is
the number of detected photorsz=2z,—z,,z,,z, are thez
oordinates of the charged particle tracks, @nid the angle
etween two charged particle tracks.

To suppress thee*e”—e'e yy events, the energy

T

djeposition of the charged particles in the calorimeigy,,,

was required to be smalE,,<0.5 \/s.

is To reject the background frome"e™ —m" 7 (),

u " (y), and ete y, the following cut was imposed:
|A ¢|>5°. HereA ¢ is the acollinearity angle of the charged
particles in the azimuthal plane.

When these cuts were imposed, the number of back-
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FIG. 4. The# distribution of charged pions from the reaction

ete ot 70,
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FIG. 7. The angular distribution of photons.

number ofe*e”— 7" 7~ 70 reaction events decreased by

only about 10%. charged pion momentum and energy calculated after the ki-
For the events left after these cuts, a kinematic fit wagiematic reconstruction. For additional suppression of the

performed under the following constraints: the charged pare’ e —wm®— 7" 7~ 7°7% background, the criteriorN,

ticles are assumed to be pions, the system has zero totad2 was applied for energieé§>900 MeV. As a result of

momentum, the total energy i§s, and the photons originate the applied cuts the background was suppressed by about

from the 7%— yy decays(Fig. 1). The value of the likeli- 1000 times. - _

hood functiony3,. (Fig. 2) is calculated during the fit. In The angular distributions of particles for the selected

events with more than two photons, extra photons are corfVents are shown in Figs. 3—7, while Figs. 8—11 demonstrate

sidered as spurious ones and rejected. To do this, all possibiBe photon and pion energy distributions for the same events.

subsets of two photons were inspected and the one corrdhe experimental and simulated distributions are in agree-

sponding to the maximum likelihood was selected. The kinement.

matic fits were also performed under the assumptions that the

e'e —=mmy, efe —utu"y, or ete—etey B. Background subtraction

events with extra photons were.deteécted aznd the valuzes of the The number of background events was estimated from the

corresponding likelihood functiongs ., . X2.,. @d X2e,  following formula:

were calculated.ZAfter thezkinematic ;its, the following cuts

were applied: x3,<20, x3.,>20, x3,,>20, and x3 _

>20, the polar angle,, of at least one of the photons,yse- kag(s)_Z ori(S)€i(S)L(S), @)

lected by the reconstruction program as originating from the

7% decay, should satisfy the following criterion: 369,

<144°. In the energy region’s<730 MeV, for additional wherei is the process numbetzi(s) is the cross section of
suppression of the background, the cp!é>0 5-0.3 (at the background process taking into account the radiative cor-

_ _ : rections, £(S) is the integrated luminosity, an€(s) is the
V5=720-440 MeV) was applied. Herp and E are the detection probability for the background process obtained

from a simulation under the selection criteria described
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FIG. 6. The angle between the normal to the production plane
and thee*e™ beam direction for the™e™— 7+ 7~ #° events. FIG. 8. The energy distribution for the most energetic photon.
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FIG. 9. The photon energy distribution. FIG. 11. The neutral pion energy distribution.

above. For the™e™ — w background estimation, the cross the w°— yy decay was not used. In events with more than
section obtained in SND experimerft&?] was used. two photons, extra photons are considered as spurious ones

To estimate the accuracy of the background event numbeind rejected. The value of the likelihood functigéwzy is
determination, the(g,, distribution in the energy region’§ calculated during the fit. After the fit, the following cut was
>870 MeV was studiedFig. 12). The experimentay>__ dis- applied:X§w2y< 20. For selected events the two-photan),
tribution in the range @EX§7T<4O was fitted by a sum of invariant mass spectf&ig. 13 were fitted by a sum of back-
background and signal. The distribution for backgroundground and signalrg,,, is calculated after the kinematicfit
events was taken from the simulation, and for the signallhe shape of the distribution f&"e™ — =" 7~ 7° events
ete —7w"7 7% events by using experimental data col- was obtained by using experimental data collected in the
lected in the vicinity of thew meson peak. As a result, the vicinity of the o resonance. For the background a uniform
ratio between the number of background events obtainedistribution was usedother assumptions about the shape of
from the fit and the number calculated according to @¢g. the background spectrum do not change the fit resultse
was found to be 281.2. The error was estimated by vary- cross sections obtained by using two different methods of
ing the selection criteria. Taking this ratio into account, thebackground subtraction are in agreeméable Il). An
number of background events obtained from Eh. was analogous check was performed for the energy regjsn
multiplied by a factor of 2 at all energy points and the accu->900 MeV. The results of the different approaches are
racy of the determination of the number of backgroundagain in agreement.
events was estimated to be about 60%.

The numbers oé* e — 7" 7~ 7% events(after the back-
ground subtraction and background event numbers are
shown in Table I. The detection efficiency of the"e™ — 7 7~ 7°(y) pro-

To check the accuracy of background subtraction in theeess was obtained from simulation. To take into account the
energy regions<730 MeV, the data were analyzed in a overlap of the beam background with the signal events,
different way. The kinematic reconstruction was performeddackground eventgexperimental events collected when the
under the following constraints: the charged particles are

C. Detection efficiency

pions, the system has zero total momentum, and the tota B
energy isys. The constraint that the photon originated from E 1500 3 ® EXP
>
2T o
> 40000 (—
w . - MC i J
i 500 |- W Background
20000 | i
i 0
| 0 10 20 30 ) 40
L X 3n
0 | | |
150 200 250 300 350

FIG. 12. The experimenta(lgﬂ distribution in the energy region
E (MeV) Js>870 MeV, fitted by the sum of distributions for the signal and
background. The background contribution is shown by the filled
FIG. 10. The charged pion energy distribution. histogram.
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TABLE I. Event numberN,,. of thee'e — o 7~ #%(y) process(after background subtractipmand
Npig Of background processes, integrated luminogltyand detection efficiency(s,E,=0) (without y
quantum radiation &,,q is the radiative correctiond,,q=&(s)/e(s,E,=0), &(s) is defined via expression

(19)].
Vs (MeV) L (nbh €(s,E,=0) N3 Npkg Srad
970 271.4-2.7 0.2544-0.0082 80034 337 0.905
958 249.0:2.5 0.2544-0.0082 658 29 27+5 0.918
950 276.82.7 0.2543:-0.0086 72732 326 0.927
940 505.2:4.5 0.2585-0.0075 120341 53+10 0.937
920 510.%*4.1 0.26990.0075 129242 52+8 0.96
880 397.6-3.6 0.3268-0.0032 1596-49 61+19 1.094
840 711.:6.1 0.33410.0029 5928 88 96+ 15 1.356
820 329.:3.0 0.3376:0.0022 5478 84 7413 1.491
810.40 223. 2.1 0.3384-0.0019 5989 86 275 1.463
809.79 67.80.8 0.3412-0.0012 189948 5+1 1.464
800.40 235.62.2 0.3399-0.0014 11694 121 40+10 1.319
799.79 53.6:0.7 0.3435-0.0013 26757 6+2 1.308
794.40 160.81.6 0.3408:-0.0012 1375% 129 19+-4 1.165
793.79 54.80.7 0.3448-0.0010 506678 8+1 1.148
790.40 136.31.4 0.3414-0.0011 20228 157 154 1.036
789.79 58.80.7 0.3458-0.0010 9054104 71 1.015
786.40 177.61.7 0.342G:0.0010 51265 251 25 0.895
786.18 20.40.4 0.3456:0.0037 6226:88 3+1 0.887
785.79 76.90.9 0.3466-0.0010 24876175 101 0.874
785.40 222.42.1 0.3422-0.0010 75531 304 33+7 0.861
784.40 285.32.7 0.3424-0.0010 111828 371 34+5 0.830
783.79 78.1%0.9 0.347G:0.0010 33325201 7+=3 0.814
783.40 288.5:2.6 0.3424-0.0010 122114 387 80+ 10 0.804
782.90 122.31.2 0.34770.0012 5483 261 40+7 0.794
782.79 85.20.9 0.34730.0010 37956 217 16=3 0.792
782.40 300.82.7 0.3426-0.0010 127682 397 36+14 0.785
782.13 15.1#0.3 0.3534:-0.0037 645289 4+2 0.781
781.79 372.53.3 0.3475-0.0010 155515436 49+ 17 0.777
781.40 220.42.1 0.3427-0.0010 85611 324 85+ 10 0.773
780.40 169.21.6 0.34290.0010 56031 262 16-1 0.767
778.11 20.0.4 0.3534:-0.0031 434472 8+4 0.767
780.79 131.¢1.3 0.34770.0010 48236241 42+ 6 0.769
779.90 114.%1.2 0.34570.0014 348660207 14+5 0.766
779.79 44,7 0.6 0.3478-0.0010 13099 126 1+1 0.766
778.40 159.6 1.6 0.3432-0.0011 34568 207 21+ 3 0.767
777.79 79.220.9 0.34830.0010 14706134 10-4 0.768
774.40 162.221.6 0.3439%0.0012 1415% 131 21+ 6 0.779
773.79 65.1-0.8 0.3492-0.0010 495278 10+1 0.781
770.40 253.52.3 0.3445-0.0013 10959 116 33+7 0.792
769.79 45.90.6 0.3506:0.0011 1656-44 101 0.794
764.40 222.82.1 0.3455-0.0015 424271 31+7 0.806
763.79 40.2-0.6 0.3512-0.0013 724 30 5+1 0.808
760.40 208.22.0 0.34610.0017 2658 57 19+6 0.814
759.79 43.50.6 0.352&:0.0014 57628 7+3 0.815
750.40 174.61.7 0.3479%0.0021 1008 37 267 0.826
749.79 52.20.7 0.35410.0018 25118 14+5 0.828

720 584.1*5.0 0.3563-0.0069 65230 60+ 8 0.848

690 174.4-1.6 0.3526-0.0069 58-11 21+5 0.860

660 281.%*25 0.3575-0.0070 40-11 29+4 0.862

630 120.%1.2 0.3532-0.0068 =5 14+3 0.865

600 90.6-0.9 0.3298-0.0066 —2*+6 15+4 0.868

580 12.7#0.2 0.35610.0069 24 2+1 0.867

560 11.2£0.2 0.3369-0.0068 —-1=x1 1+1 0.867

540 12.10.2 0.3156:-0.0067 —4+2 4+2 0.867

520 7.2£0.2 0.2866-0.0065 0 0 0.861

500 8.0+0.2 0.2278-0.0060 =1 1+1 0.856

480 13.4-0.2 0.20306-0.0058 0 0 0.852

440 6.2:0.1 0.01830.0019 0 0 0.820
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FIG. 13. The two-photon invariant mass distribution & FIG. 14. The detection efficiency(E,) dependence on the ra-
=720 MeV. diated photon energ§,, for the e'e”— =" 7~ 7°(y) events at

s=m,, obtained by simulation.

detector was triggered by an external genejat@re mixed . . . -
with the simulated events. The detection efficiency for eventparameter is applied. As a rule, the error in the coefficient
without y quantum radiation by the initial particles is about determination IS conne(_:ted with th_e uncertainty of _the back-
0.35 (Table ). The detection efficiency dependence on thegrou_nd subtractlon._Thls systematic error was estimated by
radiated photon energy is shown in Fig. 14. The efficiency’@¥INg Other selection criteria. o
decrease with the rise of the radiated photon energy is due to | "€ inaccuracy in thgs, distribution simulation(Fig. 2)
the selection criterior)(§7< 20, which involves energy and is the main source of uncertamty |n.the detection efficiency
momentum conservation in thes e — 7+ 7~ 7° process. determination. The correction coeff|C|e6;(§ﬁ=0.95i 0.02
Inaccuracies in the simulation of the distributions over(Fig. 15 was obtained by using data collected in the vicinity
some selection parameters lead to an error in the determinaf the w resonance. The error due to uncertainty in the simu-
tion of the average detection efficiency. To take these uncetation of other parameters is estimated to be 1.7%. In the
tainties into account, the detection efficiency was multipliedenergy regionys>900 MeV the additional selection crite-
by correction coefficients, which were obtained in the fol-rion N, =2 was applied. The uncertainty due to this cut was
lowing way [2,27]. The experimental events were selectedestimated to be 3%. The systematic error of the detection
without any conditions on the parameter under study, usingfficiency determination is 2.7% in the energy regiga
selection parameters uncorrelated with the one studied. The 900 MeV and is about 4.1% aﬁ§>900_ The detection
same selection criteria were applied to simulated eventssfficiency after the applied corrections is shown in Table I.
Then the cut was applied to the parameter and the correction

coefficient was calculated: IV. THEORETICAL FRAMEWORK
n/N In the framework of the vector meson dominance model,
0= M’ (@ the cross section of the*e™— 7" 7~ 70 process is
whereN andM are the numbers of events in the experiment do 4malpXp_|? 2
i i i i =3n mom, - |F|?, 3
and simulations, respectively, selected without any cuts on dmgdm, s 1272\/s

the parameter under study; and m are the numbers of
events in the experiment and simulation when the cut on the — 1

™

N
TABLE Il. The ratio of the cross sections, obtained by using ;\;
different methods of background subtractidiy., is the number of 0.975 -
e"e”—37 events obtained by fitting the two-photon invariant
mass spectras(1) is the cross section measured in the approach 0.95
when the background was calculated according to (By.o? is
the cross section measured by using the two-photon invariant mass

spectra analysis. 0.925
Vs (MeV) Nar o/l 0.0 A R R R B
750 1350- 42 0.995: 0.034 0 20 40 60 80,10
720 700+ 32 0.999-0.054 X 3n
690 66+ 11 0.956+0.209 _ N
660 17+ 10 2562-1.114 FIG. 15. The correction coefﬂmenﬁxgﬂ dependence on the

value of the cut ony3,..
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FIG. 16. Theete — a7 =« transition diagrams.

Where|5+ andﬁ, are thew™ and7~ momenta, andn, and
m, are ther" 7~ and 7' #° pair invariant masses. The
form factorF of the y*— ="~ 7 transition has the form

g i
FI2=|A B, (m2(m)
|F| pw(s)i:;a_ D, (mp)Z(m)
gp/(”)'n'w
+Apr<n>w(5)i:;0’_ D, on(my)
11,,9,0 ’
A () peQelmr |° 4
wal )Dp(mO)Dw(mO) @

The first term in Eq.(4) takes into account the*—pm
— a7 70 transition (Fig. 163, which dominates in the
process under studyp8]. Here

D ,(my)=mZ—mZ—im;T,i(m;),

m\2 [ qimy |’
I i(m)= —p) ri|——],
A <mi ’ qi(m,,o)
1
qo(m?)= E(m2—4mf,) 72

0 (M) = e ([P~ (g0 2L (o m,) 2]} 2

— 2 2_ 2 2
m_= \/s+ m_o+2m; . —mg—m2,

wherem_ is the 7~ #° pair invariant massn_o andm,, are
the neutral and charged pion masses, iaddnotes the sign
of the p meson ¢r pair) charge. The’— 7 7~ andp™

— o= 70 transition coupling constants can be determined in

the following way:

2
67Tmp1»1—‘pt

,  6mml,o
g=(m,=)*

g Onm ™ !
’ QO(mp0)3

pt7T7T_
Experimental dat@28] do not contradict the equality of the
coupling constantgio 2 In this case the® and

71'71': gpifrrﬂ' .

p~ meson widths are related as follows:

PHYSICAL REVIEW D 68, 052006 (2003

2 3
mpo qi(mpi)

®)

p p 2 3
M- go(m,0)

In the subsequent analysis we assume gf)a;ngitm,
and the width values were taken from the SND measure-
ments[28]: T',0=149.8 MeV, I' ,~=150.9 MeV. The neu-
tral and chargegp meson masses were assumed to be equal
and were also taken from the SND measuremé28, m,
=775.0 MeV. The factoZ(m)=1—is;®(m,s) takes into
account the interaction of the and = mesons in the final
state[33] [Fig. 16(d)], and the parametes;=1+0.2 corre-
sponds to the prediction of Ref33], where the concrete
form of the®(m,s) function can be found. In experimental
studies of ther mass spectra in the"e” — 37 process at
Vs=m,, [28], we obtaineds; =0.3+0.3=0.3. This result is
consistent with zero, but also does not contradict the predic-
tion of Ref.[33].

The second term in E@4) takes into account the possible
transition y*—p' " ar— 7" 7~ #° [Fig. 160c)]. This term
can be written a#\,.(s)-as,, where

Apr (!I),n.( S)
Apr(S)

gpr(rr)ﬂ.ﬂ.
i=50- Dyrin(my)’

Az,=

In the analysis, th@s, amplitude was assumed to be a real
constant. From therr mass spectra analysis, in the process
ete —3m at s=m, [28], it was found thatas,=(0.01
+0.23+0.25)x10°° MeV 2.

The third term in Eq.(4) takes into account the/*
—om— 77~ 70 transition[3] [Fig. 16b)]. The polariza-
tion operator of the p-w mixing satisfies ImII,,)
<Re(ll,,) [33,34, where

Re(Tl >=\/LB< — ) [(mG—mp)
pe T o(m,) oo ©eor

—im, [T, =T jo(m,)1], (6)
so we have assumed lii(,,) =0 in the subsequent analysis.

Thee'e — =" 7~ % process cross section can be writ-
ten in the following form:

O37= o-p'n'~>37r+0-w'n'—>37r+o-ir‘lt ' (7)
where
Ao )
(Tp7T—>37T:?2_Wp7T(S) |Ap7r( S)l ’ (8)
Ao )
O-wWHSw:?IZ_Wwﬂ'(S”AwW(SH ’ (9)
dra .
O-int:?T{pr(s)Aww(s)Wint(s)
+A;7T(S)Aw77(s)wi*nt(s)}' (10)
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The phase space fact
calculated as follows:

org, (), W,,(s), andW,(s) were

1 Vs—m,

mx(o)

W, (S)=——— mod f m..dm,p
p (s) 12772\/5 2m,, ofiTo mm : +|p+
9, :
% ->7 2. L—{—a y 11
p-| i-50- D,(m)Z(m;) %7 o
1 J5—m m'®(mg) -
Wwﬁs=—f “mod J Omdm
(= o7 e o, Mot | G, " m, dm B,
] y080rn |
2,|__——puOpOmm
xp-| D,(mg)D,(mg)| ’ 2
int 12772\/§ 2m,, mln * I
|2 —poSpomn '
Dp(mO)Dw(mO)
— P17 ia. | 13
i=+0~ Dp(m)Z(m;) o =

The amplitudes of the*— pa transition have the form

PHYSICAL REVIEW D 68, 052006 (2003

my dk=(s)°

,B(p—KK)C2 i (S,Io)
S ge=(my)? RO

Iy(s)=

M3 do(s)
+ 2 2 oB(g—KeK, )Coy k. (S:T0)

S QKO(m¢)3
Ayy(S)° 2
———I' ,B(op— C ,
+ (my)? sB(¢—17v)Cy,,(S.T0)
+—W””(S) B(¢—37)C3 _(s,ro)
Wpﬂ'(m¢) ¢ ¢p7T non
W, (s)
(S)Ferw(,) . :
W, (m,,)
(s)=T c? (sr)(WL(S)B(w”HSW)
" 0" @ pa\ S 0 Wpﬂ(mw”)
Worn(S) )
— B(0"—wmm) |.
Wwﬂ"rr(mw")

Hereg,,, is the coupling constant of the— o 7° transition,
Jums 9k, ko, Oy, @andg,, are thew meson, kaony
meson, and pion momentd/,,...(s) is the phase space fac-
tor of the www final state [35], and Cypp(s,rp) and
Cyvp(s,rp) are the form factors which restrict too fast

1 va\z/ \/mvo'(v—>377)
A .(S)= 2 growth with the energy of the partial widths, so that
P N Dy(s)
ATa V=0,p,¢,0" " v JsI'(s)—const ass— . According to Ref[36] these form
e‘¢wVCpr(s,ro) factors can be written as follows:
X (14 2
pr(mV) _ 1+(r0mV)
V Cvrpp(STo)= 1071 g2
where
[1+[roap(my)]*
. C Sto)=\——F———"7, 15
Dy(s)=m&—s—iysl'y(s), rv(s)=2f [(V—f,s). ver(Sifo) 1+[roqp(s)]? (15)

. whereqp is the momentum of the pseudoscalar meson and
Heref denotes the final state of the vector mesbdecay, s the range parametéis value was taken to be the same
my is the vector meson mass, alig=I"y(my). The$ me-  for all decays.
son mass and width were taken from the SND measurements The relative probabilities of the decays were calculated as
m,=1019.42 MeV, I' ;=4.21 MeV [27]. The following follows:
forms of the energy dependence of the vector meson total

widths were used: o(V—X)
BV=X)=———, o(V)=2, o(V=X),
™ Gols)® o2 ) "
_p poT 3
Pols)=5 qo(m,,) LoChnn(S:10)F o Gun(9): _ 120B(V—e*e )B(V—X)
m’, do(s)® TR my .
w 0
Lu(9)="5 qom)?le B(w—mt7 )C2 (S0 In particular,
Ury(S)° o(w—X)
e B NGyl Ba—X)="00y
W, (s) o(w—37)+o(w—7'y)
pr(mw)r oBle 37T)Cw’m(s’r0)’ o(w)= 1-B(o—7m 7))
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In further analysis we have uses(w— 7°y)=155.8 nb, If the p— 3 transition proceeds only via-o mixing, that
o(¢p—K'K")=1968 nb, o(¢—KsK )=1451nb, and is,g¥ =0, theng,,~—90° and almost does not depend on
o(¢p—7ny)=54.8 nb obtained in the SND experiments energy; in addition,

[27,37,38.

¢,y is the relative interference phase between the vector m r, w,.(m,)
mesonV and w, so ¢,,=0°. The phases,, can deviate o(p—3m)= "(“’H&T)_Z T, W,.(m,)
from 0° or 180° and their values can be energy dependent M :
due to mixing between vector mesons. For example, the ropr(M,) B(p—e'e)
phasey,, 4 was found to be close to 1802,27] in agreement [ wpr(M,,) B(w—e'te )’
with the predictior{39] ¢,,,=®(s) [®(m,)=163°], where
the function®(s) is defined in Ref[39]. In Ref.[2] it was For they*— w? transition amplitude, a model that gives
shown thatg,, . ~180° and¢,,»~0°, so in this work these a satisfactory description of the relative phase between it and
two phases were fixed at those values. the A,.(s), Eq. (14), amplitude[2] was used:
Taking into account the-w mixing, the w—p7 and p
— pmr transition amplitudes can be written in the following B \/ 3 \/mﬁrpB(pHeJre_)gpm
way [3,34]: 9=V Zra D,(s)
g(o)gf,?p)w 9(0) rym2Jmyo(V—wn®) e
Aw%pw_’—Ap—»pﬂ' T (O)S(S) + E ,
@ V:p',p” DV(S) quw(mV)
95900 | 95 (7
D (S) (0) _S(S) ) (16) o
p Qopm where ¢,,=0°, m, =1480 MeV, I',,=790 MeV, o(p’
—wm’)=86 nb ¢> »=180°, ,,—1640 MeV, T,
where =1290 MeV, 0'(p"—>w770) 48 nb ¢, =0°, gpm
~16,8 GeV 1, and
_Hpm
“9 55D, 6.(9)
Cpm(s)=T,orz—mr.
3 b a2 Ay -(My)
3myl'yB(V—eTe™)
|gV’y| = Ao '
V. CROSS SECTION MEASUREMENT
AnT\B(V—pm)]H2 From the data in Table I, the cross section of the process
vprl =| — s — ete =7 7 7% can be calculated as follows:
Wp'rr(mV)
The superscript (0) denotes the coupling constants of the o(s)= NL(S) (18)
pure, unmixed state. Equatid6) can be rewritten as fol- L(s)&(s)
lows: where N367(S) is the number of selectedete”
2\/7 —a m 7°(y) events,L(s) is the integrated luminosity,
A +A :; Fvmyymyo(V=3) &(s) is a function that takes into account the detection effi-
CTRmPET Jama vEan Dv(s) ciency and radiative corrections for the initial state radiation:
max
vaﬂ”(j\)lcv(””(?’r‘)) , ' 03n(S,E,)F(S,E,)e(s,E,)dE,
p my —
V &(s) —r (19
where
HereE, is the emitted photon energl(s,E,) is the elec-
Ivpn(S) tron radlator” functlon [40], e(s E,) is the detection effi-
fupa(s)= m ciency of the process™e™ — 7" 7~ 7%(y,24) as a function
- of the emitted photon energy and the total energy in the
(0) M (p—ete) |12 e"e” center of mass system, arax;l;ﬁ(s_) is Fhe theoretical
Foon(S) =1+ 2o g(s)=1+ é’p—% &(s) energy dependence of the cross section given by(Hg.
g (yo,j myl'(w—e’e") To obtain the values of(s) at each energy point, the
visible cross section of the proces$e™ — 7" 7~ 7°(v;aq)
gff,)))ﬂ N3 (s
rppﬂ'(s) gg)p)w 8(5) 8(5)- O'UIS(S): Zz’i))

052006-9



ACHASOQV et al.

was fitted by the theoretical energy dependence

a'"(8)=03,(S)&(S).

The following logarithmic likelihood function was mini-

mized:

(O_ivIS_ O_ith)Z
2_

X Z Aiz )

wherei is the energy point number any is the error of the

visible cross sectiowa's.

In the fit the ¢,w’,w” meson parametergthe mass,
width, and branching ratios of the main decewere fixed at
their values obtained in the SND experimefs27]; other
parameters were fixed as follows;=0, a;,=0, s;=0, and
Dup=P(s) [P(m,)=163°]. Equation(14) was written in
the following form:

va\Z/ V mva'(v—> 377)

Dy(s)

1
— 2
da V:w,p,d),m/,m"

ei bwv
v Wp’JT( mV)

whereCs;,. is a complex constant.

o(w—3m), I',, andm, were the free parameters of the
fit. The &(s) values were obtained from approximation of the
experimental data in several modeld) o(p—37)=0,
C3,=0; (2) o(p—3m) and ¢, are free parameters;;,
=0; (3) C;, is a free parameter(p—37)=0; (4) o(p
—3m), ¢,,, andCs, are free parameters. The fits were
also performed under the same assumptions, but sth’
—37)=0 ando(w”"—37)=0.

The values of(s) actually do not depend on the applied
model. The largest model dependence, about 1.5-2 %, w.
found at/s from 800 to 840 MeV. Using the obtain€qs)
values, the cross section of tede” — =" 7~ 7° process
was calculatedTable Ill). The systematic error of the cross
section determination at each energy pajstis equal to

Apa(8)=

X +Cs,s (20

Osys= Oeft® 0D Tmod(S)® O'bkg(s)-

Here oot =2.7% at/s<900 MeV ando;;=4.1% at+/s
>900 MeV, o,=2%. They are systematic uncertainties in

PHYSICAL REVIEW D 68, 052006 (2003

ments in the energy regioys from 1340 to 2200 Me\[25].

Theete — ' 7~ 7% cross section was fitted by the ex-
pression7). Thee*e  —wm* 7~ process cross section was
written in the following way:

1 Fwnmi,,\/o'(a),,—)w’ﬂ+7T7)mwr/

S3/2

Owra—

D(A)”(S)

2
% \/Wwwﬂ(S)CVVP(SirO)

Ww'n'ﬂ'( mw”) (21)

Here we have neglected th€ — o7 contribution. To cal-
culate B(w"—wm), we have assumedr(w”— wmm)
=150(0"—wm 7).

The cross sections of the'e” — 7" 7~ 7% andwn 7~
processes, measured by SND and DM2, were fitted together.
The function to be minimized was

+

2 _ 2 2 2
Xtot= X3z(SND) T X3m(OM2) T Xwmm(DM2)
where

(SN
037

O(s)—03(5))?
NSO

2 _
XSW(SND)_ES (

C-o2M2)(s) = 03,.(S)
A(3DM2)(S)

)2
C: oﬁ“ﬁﬂ(s)—am(s>)2
(s)

2 _
X3w(DM2)_ES (

A (OM2)

wWTTT

2 —
Xwﬂ"rr(DMZ)_ZS (

Here o5\ OM2)](s) are the experimental cross sections,

are their uncertainties, ar@is a coefficient which take into
account the relative systematic bias between SND and DM2
data. The errord SN2 include both the statisticat, and

The systematic error& SN0 = 07610 ® T nod® opig. The rela-

tive systematic bias between the SND and DM2 data was
analyzed in Ref[2] and theC coefficient was estimated to be
C=1.54. In the analysis that follows we have fixed this co-
efficient at 1 or 1.54.

In the fittingsm,,, T',,, o(0—37), 0(¢—37), ¢,4,
m,, I'y, o(w’'—=37), my, T',, o(o"—3m), and
o(0"— w7 77) were the free parameters. The approxima-
tions were performed under the following assumptions about

the detection efficiency and integrated luminosity, which ar¢he phase space factor for the" =~ #° final state:(1) s;
common for all energy points. The model uncertainty=0, @3,=0; (2) s;=1, a3,=0; (3) $,=0, az,=—4

Tmod(S) Was obtained from the difference between #fe)

X 10 ® MeV~?; (4) 5,=0, a3,=4x10 % MeV 2.

values determined for the models mentioned above. The er- The nonzero values of tha;, amplitude are the upper

ror op,g(S) takes into account the inaccuracy 60%) of the
background subtraction and depends on the beam energy.

VI. THE e*e"— ot~ 7% CROSS SECTION ANALYSIS

The cross section measured in this wdflable 1ll) was
analyzed together with the*e™— 7" 7~ #° cross section
measured by SND in the energy regigs from 980 up to
1380 MeV[2,27] and with the DM2 results for the*e™
—atam 7% and e’e"—wnw" 7w cross section measure-

limits imposed on the 90% confidence level by using the
SND result reported in Ref28]. The approximations were
also performed without taking into account the contribution
from thee®e™ — wn’— 7" 7~ 70 process, i.e., by assuming
03.=0,,. The difference in the fit results was included in
the model uncertainty.

The fittings were performed using the following model
parameters(l) r,=0, o(p—3m7)=0; (2) ro=0, ¢,, and
o(p—3m) are free parameter$3) o(p—37)=0,ry is a
free parameter.
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TABLE Ill. The e"e”—a" 7~ =7 cross sectiono .4 is the model uncertaintyry,q is the error due to
background subtractionr.¢1® o is the error due to uncertainty in the detection efficiency and integrated
luminosity determination(3.4% at Js<900 MeV and 4.5% forys>900 MeV), andosys=oeii® o,
® TmodS) ® opig(S) Is the total systematic error.

\/g (MeV) o (nb) Obkg (nb) Tmod (Nb) Oett® 0, (nb) Osys (nb)
970.00 12.820.70 0.32 0.05 0.58 0.66
958.00 11.33:0.64 0.28 0.05 0.51 0.58
950.00 11.1%#0.62 0.29 0.06 0.50 0.58
940.00 9.830.41 0.26 0.05 0.44 0.52
920.00 9.820.39 0.24 0.04 0.44 0.50
880.00 11.22-0.36 0.26 0.03 0.38 0.46
840.00 18.7%#0.33 0.18 0.21 0.64 0.70
820.00 32.930.58 0.27 0.34 1.12 1.20
810.40 53.841.01 0.15 0.41 1.83 1.88
809.79 55.8%1.60 0.09 0.42 1.90 1.95
800.40 110.421.82 0.23 0.42 3.75 3.78
799.79 111.092.98 0.15 0.41 3.78 3.80
794.40 215.253.91 0.18 0.31 7.32 7.33
793.79 233.545.48 0.22 0.32 7.94 7.95
790.40 419.318.24 0.19 0.56 14.26 14.27
789.79 437.9%£10.55 0.20 0.37 14.89 14.89
786.40 943.6319.81 0.30 1.45 32.08 32.12
786.18 998.9224.90 0.29 0.61 33.96 33.97
785.79 1068.3923.36 0.26 0.86 36.33 36.34
785.40 1154.2822.45 0.30 1.91 39.25 39.29
784.40 1382.6921.80 0.25 2.44 47.01 47.08
783.79 1514.9%22.99 0.19 0.74 51.51 51.51
783.40 1542.5817.29 0.61 2.16 52.45 52.50
782.90 1627.56:18.88 0.71 0.32 55.34 55.34
782.79 1624.7720.43 0.41 0.47 55.24 55.25
782.40 1584.2117.63 0.27 2.59 53.86 53.93
782.13 1552.8540.68 0.58 0.46 52.80 52.80
781.79 1550.8621.87 0.29 0.44 52.73 52.73
781.40 1470.94 25.52 0.88 2.49 50.01 50.08
780.79 1369.11 28.77 0.72 0.51 46.55 46.56
780.40 1261.06:28.76 0.14 2.18 42.88 42.93
779.90 1146.8928.79 0.28 0.43 38.99 39.00
779.79 1098.8530.58 0.05 0.40 37.36 37.36
778.40 822.8121.45 0.30 1.52 27.98 28.02
778.11 765.4%x20.01 0.85 0.23 26.02 26.04
777.79 693.0819.36 0.28 0.23 23.56 23.57
774.40 325.9¢:7.86 0.29 0.69 11.08 11.11
773.79 278.727.87 0.34 0.08 9.48 9.48
770.40 158.58 3.36 0.29 0.37 5.39 5.41
769.79 129.74 4.55 0.47 0.06 4.41 4.44
764.40 68.481.58 0.30 0.26 2.33 2.36
763.79 63.432.87 0.26 0.06 2.16 2.17
760.40 45.381.18 0.19 0.13 1.54 1.56
759.79 46.142.34 0.34 0.06 1.57 1.61
750.40 20.120.78 0.31 0.08 0.68 0.76
749.79 16.46:1.22 0.55 0.04 0.56 0.78
720.00 3.6%0.19 0.20 0.01 0.13 0.24
690.00 1.1¢0.21 0.24 0.00 0.04 0.24
660.00 0.46:0.13 0.20 0.00 0.02 0.20
630.0 <0.34(90% C.L)

600.0 <0.53(90% C.L)
580.0 <1.36(90% C.L)
560.0 <0.44(90% C.L)
540.0 <1.21(90% C.L)
520.0 <1.3(90% C.L)
500.0 <0.96(90% C.L)
480.0 <0.99(90% C.L)
440.0 <24.7(90% C.L)
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TABLE IV. Fit results for thee'e - 7" 7 7% and ww™ w~ cross sections. The column numkgr
corresponds to the different models for thg, amplitude.Ny;; is the number of fitted points. The first error
is statistical; the second error shows the difference in the fit results due to various assumptions about the
ete — 7" 7«0 reaction dynamics and the relative systematics between the SND and DM2 measurements.

N
1 2 3
m,, (MeV) 782.75-0.08 782.72-0.08 782.7%0.08
r, (MeV) 8.60+0.04+0.01 8.73-0.04+0.02 8.63-0.04
o(w—3m) (nb) 1609+ 7+1 1624-10+5 1610:7+3
o(¢p—3m) (nb) 645+ 6+ 4 645+7+6 658+-8+7
b4 (deg 161+2+4 163'3+4 187+4+6
ro (Gev'?) 2.6/ 53+0.2
m,, (MeV) 1358+ 20+ 45 1460°23+70 1410+ 30+ 60
T, (MeV) 500" 20+ 80 1120335+ 200 617+40+95
o(w'—3m) (nb) 5.7°35+0.5 3.7+0.7+0.4 5.0-:0.2+0.4
m,» (MeV) 1808' 5920 1760+ 50+ 40 1750-20+6
T, (MeV) 807 550+ 213 540723%+50 373+50+15
o(w"—37) (nb) 1.48+0.40+0.46 2.4-0.7+0.9 2.7-0.4+1.3
o(0"— o7 77) (nb) 1.54+0.30+0.45 1.8-0.4+0.5 2.2:0.3+0.4
o(p—3m) (nb) 0.13"3:35+0.02
b, (deg — 13735+ 7
x2/Niit (80-120)/49 (56—62)/49 (45-50)/49
xZ1)/Niit (21-46)/6 (13.6-16.4)/6 (7.3-11.3)/6
X¢snoy/Nit (66-92)/67 (49-56)/67 (58-67)/67
X5mom2) Niit (22-37)/18 (22-44)/18 (27-42)/18
X mm(omay! N (11-15)/18 10/18 (23-26)/18

thot/Nfit

(182-260)/152

(137-170)/152

(156-180)/152

The results of the fits are shown in Table IV and in Figs.data. TheyZ, value for the second model is less than for the
17-22. In Table IV,x%, xfsno (Xamsnp=Xo+ X{snp).  third one. [fa(p—3m), ¢,,,, andr, are the free parameters
and x{;, denote they? values for the energy regiongs  in the fit, then they are found to be equal défp—3)
below and above 970 MeV and in the energy range 8806=0.11" 559 nb, ¢wp=—136f}§°, andr,=0.2+0.3 GeV L.
</s<970 MeV. They? values in the first moddkolumn 1 In this case the value of the range paramegeturns out to
in Table IV) are too large and this model contradicts thebe rather small and consistent with zero. The valug&fp
experimental data. The second and third modetdumns 2  for the second model is less than for the third one, and vice
and 3 in Table IV are in agreement with the experimental versa they? for the third model is less than for the second.

o P
£ 4
o | = |
i s |
=N b 60—
2r 40+
- .- i
_____________ 20 |-
0 -
660 680 700 720 ol ‘ ‘ ‘
Vs (MeV) 745 750 755 760 765

Vs (MeV)
FIG. 17. Theete™— "~ «° cross section. Dots are the SND
data obtained in this work. Curves are results of fitting to the datain FIG. 18. Thee"e” — " 7~ #° cross section. Dots are the SND
model 2(solid curve and in model 3dashed curve data obtained in this work; the curve is the fit result.
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FIG. 21. Thee"e”— a7~ #° cross section. Dots are the SND

FIG. 19. Thee"e — o 7~ #° tion. Dot the SND o : :
G. 19 e e —m m m Cross section. Dots are the S data obtained in Ref27]; the curve is the fit result.

data obtained in this work; the curve is the fit result.

described above were redone assum@yg 1, but without
In the energy range 889\/s<970 MeV (Fig. 20 the fitted  taking into account the*e™ — =+~ 7° cross section mea-
curves for the second and third models exceed the expersured in the DM2 experiment§Table V). The parameters
mental points on average by about ¢.5nd 1o, respec- M., I',», and o(w”"— w7 7~) were obtained from the
tively. The difference between models 2 and 3 is also seen ifitting to the cross sectioee” —ww 7~ reported by
the energy regiong's<720 MeV andys=1100 MeV(Figs. =~ DM2, andm,,, I,,, o(w'—3m), ando(w"—3m) were
17 and 22. The)(f,m(omz) for the third model increases by Obtained by using SND data only. In this case the first model
a factor of 2 in comparison with the second model. The(column 1, Table V agrees with experimental data, but
results of thee* e~ — w7~ cross section fits are shown in @greement is significantly better if the fits are performed in
Fig. 23. In the case when the form factdis) are used, the the second or third mode{solumns 2 and 3 in Table MVThe
theoretical curve poorly describes the experimental points axto: value for the third model is slightly bigger than for the
the left slope of the resonance. The CMD2 results for thesecond one. In this approach the fitted curve is in conflict
ete” —wm"m reaction studie§41] are also presented in Wwith the DM2 measurement of the*e™ — =" 7~ #° cross
Fig. 23. These data agree better with the second model. ~section(Fig. 24.

If the relative bias between the SND and DM2 measure-

ments is not assumed, th@gw(wz) value is rather large: VII. DISCUSSION
X5z(om2)/Nfi = (37-40)/18. HereNy; is the number of fit-
ted experimental pointdable 1V). A rather large scale factor
C=1.54 is required to make agreement between the SN
and DM2 data, and in this casex},oma) Niit
=(22-27)/18. In order not to guess about the relative sys,
tematics between the SND and DM2 experiments, the fit

Comparison of theete =77~ #° cross section ob-

ained in SND experiments with other result8,10,15—
6,19 is shown in Figs. 25-28. The DM1 resutk7] are in
agreement with the SND measurements. The ND results
8,19 agree with the SND data in the energy regiga
%930 MeV, while for \'s>930 MeV the ND points lie

— ~ 8

o] o L

S £t

o © 5l
4
2 -

i ‘ ‘ ‘ O 7\ Il ‘ Il Il ‘ Il | ‘ | |
850 900 950 1100 1200 1300 1400
Vs (MeV) Vs (MeV)

FIG. 20. Thee"e™ — 7" 7~ = cross section. Dots are the SND FIG. 22. Theete — =" 7« cross section. Dots are the ex-
data obtained in this work and in Ref&,27]. The curves are results perimental data obtained in Ref®,27]. The curves are results of
of fitting to the data in model &olid curvg and in model 3dashed fitting to the data in model 2solid curvg and in model dashed
curve. curve.
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TABLE V. Fit results for theete"— 7" #° andww "7~ cross sections. The DM2 data fef e~
— o~ 7% were not used. The column numbécorresponds to the different models for g, amplitude.
N;i; is the number of fitted points. The first error is statistical; the second error shows the difference in the fit

results due to various assumptions aboutéfie” — 7 7~ 7° reaction dynamics.

1 2 3
m,, (MeV) 782.76+0.08 782.72-0.08 782.740.08
r, (MeV) 8.63+0.04+0.01 8.71-0.04+0.01 8.65-0.04
o(w—3m) (nb) 1608+ 7+1 1618+10+2 1612-7+2
o(¢p—3m) (nb) 653+ 6+ 4 652+8+5 665+ 10+ 8
bus (deg 166+3+3 165+3+4 195+6+5
ro (Gev?) 2.3735+0.2
m,, (MeV) 1273 %5+ 28 1386 23+ 60 1300+ 30+ 30
T, (MeV) 405" 0+73 827 390+ 186 595+ 50+ 50
o(w'—37) (nb) 6.9+0.4+0.7 5.0:1.0+0.5 5.6:0.3+0.5
m,,» (MeV) 1819 +32 17739+ 12 1758+ 20+5
T, (MeV) 679 500+ 121 505 150+ 35 345+50+ 10
o(w"—37) (nb) 5.6+2.0+1.1 5.7-1.7+0.6 7.6:1.6+1.6
o(0"—om 7)) (nb) 1.2+0.3+0.2 1.5-0.2+0.1 1.7-0.2+0.1
o(p—3m) (nb) 0.083 0955+ 0.009
b, (deg -134'1]+8
x2/Niiq (60—63)/49 (52-55)/49 (40-42)/49
X1y Nit (10-16.6)/6 (11.9-13)/6 (4.6-6.3)/6
Xesnoy/Nri (69-74)/67 (51-52)/67 (52-56)/67
X%ﬁ(DMz)/Nfit — — _
Xommom2)!/N (11-14/18 10/18 23/18
X2 Niiq (139-149/134 (112-118/134 (115-120/134

about 2r lower than the SND ones. In the vicinity of the The @ meson parameters,,, I',, ando(w—3m) were
resonance peak/6=780 MeV) the SND cross section ex- measured through study of tege” — "7 7° cross sec-
ceeds the CMD2 measuremeft®], while in the ¢ meson tion. Thew meson mass was found to be

energy region the SND and CMD2 results5,16 are in
m,=782.79-0.08-0.09 MeV.

agreement.
—~ 8

3 2 T
= £ [ * SND
2 5 H 11l
5 61 i

B : . DM2

27 4l

B N

1 i

I ol I \

i 1000 1250 1500 1750 2000

Vs (MeV)

1250 1500 1750 2000
Vs (MeV)

FIG. 24. Theete™ — «" 7~ «® cross section. The results of the
SND [2,27] and DM2[25] experiments are shown. The curves are
results of fitting to the data in model 2. The dashed curve corre-

FIG. 23. Theete  —ww" 7~ cross section. The results of the sponds to the fit under the assumption that a relative bias between
DM2 [25] and CMD2[41] experiments are shown. The curves are the SND and DM2 data exist®M2 data were scaled by a factor of
results of fitting to the DM2 data in model (8olid curvg and in ~ C=1.54). The solid curve is the result of fitting to the SND data
model 3(dashed curve only.
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SND X =14

Gl « ND I
214l 4 GMD-2 I é\lnl/?o 2 [
o © 12[ = pM1
12+ i
[ ] i 4 {
. 1 ] I 1t I I n i i [
i [ 1 + if
L 71 [ J{ 1 ? Iy % i i I I il ‘ l}
} I I IF} 1 } * 0.8 1
0.8 | [ [ L L= 5] 7‘ ‘ | ‘ | ) |
720 740 760 780 800 1010 1020 1030
Vs (MeV) Vs (MeV)

; +a— +.— 0 i
FIG. 25. The ratio of thee"e™ — @7~ =" cross section ob- FIG. 27. The ratio of theete — =+ 7 7° cross section ob-

tained in different experiments to the fit curve. The shaded are@yneq in gifferent experiments to the fit curve. The shaded area
ShQWS the systematic error of the SND measurements. The SNQhows the systematic error of the SND measurements. The SND
(this work), DM1 [17], ND [8,19], and CMD2[10] results are pre- [27], DML [17], ND [8,19], and CMD2[15,16] results are pre-

sented. sented.

Here the systematic error is related to the accuracy of the . N
VEPP-2M energy scale calibration by the resonant depoIarWOrld ave_rﬁgek:/alu{el] is shown in Fig. 30. The SND result
ization method, 0.04 MeV, and to the model uncertainty, 0.0g9rees with other measurements.

MeV. The SND measurement in comparison with the results The parameter (— 3) was found to be
of experiment$6,10,17,42—44and the world average value
m,, [1] is shown in Fig. 29. The SND result is in agreement o(w—3m)=1615-9+57 nb.

with the CMD2 measuremertlO], and differs from the
world average by about 1.3 standard deviations. The maxithe systematic error includes the systematic uncertainties in
mum difference, about 3.4 standard deviations, is betweethe detection efficiency and luminosity determinations, 55 nb
the SND result and the Crystal Barrel measurement in total, and the model dependence, 13 nb. A comparison of
=781.96-0.21[43]. the value obtained with other experimental results
The following value of the» meson width was obtained: [5-7,9 10,17and with the PDG world averadé] is shown
in Fig. 31. The SND result exceeds the central values of the
I',=8.68-0.040.15 MeV. majority of the previous measurements. It differs by less than
1 standard deviation from the results in Relffg,9,5), by
The systematic error is related to the model dependence arghout 1.4 standard deviations from the DM1 measurement
to the accuracy of the energy determination. The comparisop17], and by 2 standard deviations from the OLYA reg6it
of this value with the results obtained in Refs. and the PDG world average(w— 3)= 1484+ 29 nb. The
[5-7,9,10,17,4Pand with the Particle Data Grou®PDG)  difference from the most precise measurements, done by
CMD2 [10] and SND, is about 2.5 standard deviations.

& 15
= = * SND
o2l S I 2 Vb2
1}%}:{] J I T i |1 I I I I
) ISRIR: 1
"+ SND ] R 1 H{ l{ JI 1 1 H}‘H{ll} e
075/ ND ] . { DIl *
| o CMD-2 { ]
= DM-1 {
05 1 ] 05
L | | | L
850 900 950 1000 - N . S IR SR N ‘
Vs (MeV) 1100 1200 1300 1400

Vs (MeV)
FIG. 26. The ratio of thee*e”— =7~ #° cross section ob-
tained in different experiments to the fit curve. The shaded area FIG. 28. The ratio of theete™ — #" 7~ #° cross section ob-
shows the systematic error of the SND measurements. The SNRined in different experiments to the fit curve. The shaded area
(this work and Refs[2,27]) DM1 [17], ND [8,19], and CMD2  shows the systematic error of the SND measurements. The SND
[15,16 results are presented. [2,27], ND [8,19], and CMD2[16] results are presented.
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O N O x x o W x d \ 1 - ,
s S8 s:ib St s £ 2 5 % % §
o o 0O o0 O < 0 © 2 3 O a a ?
FIG. 29. Thew meson mass, measured in this workSND- FIG. 31. The value ofr(w— 37) measured in this workSND-
03) and in Refs[6,10,17,42—4# The shaded area shows the world 03) and in Refs[5-7,9,10,1T. The shaded area shows the world
average valu¢l]. average valugl].
; 0.)—
Using the SND reSU'tT(w—WT ’y)—1558i 2.7-4.8 nb B(w—>7707):o.086& 0.0016+ 0.0042.

[37], the ratio of the partial widths of the— 7’y and

37 decays was calculated: . . .
em y A comparison of these results with the PDG ddtthis pre-

sented in Table VI. The value &(w—e*e™), calculated
=0.097+0.002+ 0.005. by using the SND data, exceeds the world average by about
2 standard deviationdy 8%).

Theete  —m"n w’andee —wx' 7~ cross section
analyses show that the data cannot be described by a sum of
w,¢ mesons and twa',»” resonancegmodel 1. The data
can be satisfactorily described with model 3, which takes
into account the form factor€l5), with constrained partial
width growth with energy. The range parameter of this form
factor was found to be

I(w—7"y)
I'(w—3)

This value agrees with the PDG world averddéand with
other experimental resul{$,7,44—46 (Fig. 32.

Using o(w— 37r), measured in this work, the SND result
of the w— 7"y decay study37] and the PDG world average
valueB(w— 7" 7~)=0.0170+0.0028[ 1], the partial width
of the w—e"e” decay, and thew meson main decays
branching ratios were obtained:

I'(w—e e )=0.653-0.003-0.021 keV, ro=2.5gs+0.5 GeVv ™.
oy — -5
B(w—e'e )=(7.52£0.04-0.24 X107, This agrees with the expected vector meson effective “ra-
B dius” 2.5—-3 GeV ! [47]. The second error is due to model
B(w—3m)=0.8965-0.0016+0.0048, dependence. Model 2, which takes into account fiesp
’59'5 — 0.14
() L (E') - -
2 Py T - ®
~ 9 ® B
3 3 0.12
[ i = -
- - ..
8.5 - = o1l
f I Zorp b
1 -
8 3 o008 |
- I_ |
5 ™ o o) ~ ~ ™ o N 0.06 - ©
S % % % ® % I K g8 8 8 R & F 3
a N O a a) < d X a) la) a) x X @) @)
5 S & %2 3 > 3 % Z 5 2 = & 2 3
@ @) n © o o] o o) T I
FIG. 30. Thew meson widthl" , measured in this workSND- FIG. 32. The ratio of the partial widthe — 7%y and w— 3,
03) and in Refs[5-7,9,10,17,4R The shaded area shows the world obtained in this work(SND-03 and in Refs.[5,7,44—46. The

average valugl]. shaded area shows the world average vélje
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TABLE VI. Comparison of thew— 3, 7%y, andete” decay —~ —
: . : ; - o 200
branching ratios obtained by using the SND data with the world © i @r,=0 GeVv?
averages1]. _§’ 1900 @r,=1Gev?
- _ -1
SND PDG 2002 =~ t (@re=3Cev
93180 —
B(w—e'te") (7.52-0.24)x10°°  (6.95+0.15)x 10 ° -
B(w—31) 0.8965-0.0051 0.8918:0.007 i (3V
B(w— m°) 0.0865+ 0.0045 0.08%0.004 170 |- Eg
ey . . . . 160 ;
— 3 transition, also satisfactorily describes the experimen- C
tal data. For the parameters of this model, the following val- 960 980 1000 1020 1040
ues were obtained: Vs (MeV)

_ 0.060
o(p—3m)=0.112 g0+ 0.038 nb, FIG. 33. The phase,,, obtained in this work. The star and the

dot indicate the phase values obtained from the fit in the second and

third models, respectively. The shaded areas show the expected en-
h&r9Y behavior of thep,,, phasg39] for various values of the range
gparametelro.

bop=—135'15+9°.

Here the systematic error is due to model uncertainty. T
o(p—3m) value given above corresponds to the branchin
ratio B(p— 37)=(1.01" 536+ 0.34)x 10" *. Assuming that
the p— 34 transition proceeds via the-w mixing mecha-
nism, the following values of the*— p— 3m process pa-
rameters are expectedi¢,,~—-90° and o(p—3m)

=0.05-0.07 nb. Theo(p—37) value obtained in the L at o decay is that it proceeds throughte mixing,

analysis agrees with the expected one, whilg, differs . . : N .
from the expected value by about two standard deviationd: & N the wave function of they meson, which is domi-

Let us note that the(p— 3) values have to be interpreted nated bys quarks, there is an admixture ofandd quarks:
as o(p—3m)=(0.112"3%) X CscareNb, where Cqcale
=0.66-1.34.

In general, model 2 seems to be preferable to model 3 due ©) - —
to the following considerations. The full data set for the |0 ©@)=(uu+dd)/y2.
ete -7 7w 7% and ww’ 7w~ cross sections is in some- _ » _
what better agreement with the second model. Approximag ¢o~=0-05 is the¢-w mixing parameter. An alternative to
tion of the e'e” —wm '~ cross section using the third the ¢-w mixing is the direct decay. _In Refg34,36,49-51it
model is poor(Fig. 23. The ¢, phase value, obtained by was shqwn that thgre are no serious reasons to prefer .the
the fit in the second model agrees with the theoretical pre¢-@ Mixing to the d'iecf transition, and methods of determi-
diction ,,4="¥(m,)~160° [39], while the phaseb,,;, ob- nation of the (]-SH’W T decay me_chamsm were sug-
tained by using the third model, exceeds the expected valu@ested. In p?rtlcular, twas proposed in R&1] to analyze
(Fig. 33. But, unfortunately, the available experimental datath® I'(¢—e"e")/T'(o—e"e") ratio. In this work, B(w
are insufficient to draw a strict conclusion about observation

count the¢-o mixing [39]. The fits with model Jcolumn 3
in Tables IV and V gave the resuli$, ,=190+5+10°,
which exceeds the theoretical prediction.

The conventional view on the OZl suppressepl

|y~ +e 4,0,  [¢pD)=s5

The fit within the models 2 and (Tables IV and V gave
the result

of the p— 37 decay. = 800

The parameteo(¢— 37r) was found to be £ i
o(p—3m)=657+10+37 nb. =l
. . . ... .1 700
The systematic error includes the systematic uncertainties inS i
the detection efficiency and luminosity determinations, 33 nb © i
in total, and the model dependence, 17 nb. This value agrees |
with the results of our previous analydig,27]. The SND 600 I
result also agrees with other measurem¢@f$l1,12,14—-18 |
and with the PDG world averadd8] (Fig. 34). |

-

@

[a]

zZ

SND-03
CMD2-98
CMD2-95
OLYA-84

DM1-80
OLYA-78
OSPK-76
OSPK-74

bos=163+3-6°.

The systematic error is related to model dependence. The FIG. 34. The value ofr(¢— 3) obtained in this workK SND-
result obtained is in agreement with the theoretical predictiom3) and in Refs[8,11,12,14—18 The shaded area shows the world
(Fig. 33 ¢,4="(s),¥(m,)=163°, which takes into ac- average value according to the year 2000 PDG tpifi:
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—e'e") based mainly on the SND data was obtained, and irsing the SNDI'(w—e*e”) andI'(¢—e"e ") values and
Ref. [27] B(¢—e"e”) was measured by SND. We per- the world average fol'(p—e*e™), I'(J/y—e*e”), and
formed the analysis of theép and w meson to lepton width T'(Y(1S)—e*e™) [1], we have found

ratio based on the SND data only. To improve the accuracy

of the B(¢—e"e~) determination, the SND results for the ~ I'(p—e'e”):T(o—e’e ). I'(¢—e’e )T

¢—ut u” decay[52] were used. The average of these mea- o .

surements B(¢—e e )B(p—utu)=(2.93+0.11) X(p—erer): T (19—e"e)
Xx10* agrees with B(¢—e"e )=(2.93+0.15)x10 4 =5.2+0.2:0.495-0.025:0.93- 0.05:3.98-0.032: 1.
[27]. Assuming B(¢—e"e )=B(¢p—utu), one gets
B(¢—e'e )=(2.93-0.09)x 10 %. The ratio of the lep- (24)
tonic widths is equal to

These ratios agree with the expected E@®3). If

b p(0my)|2=m?Z, thenf®/O=—2m_/m, and by using
I'(¢p—eTe) \ o'l @
Rete-==——7—=1.89+0.08. Eq. (22) £4,~0.015 can be obtained. In this case the cou-
INw—e"e) 0

pling constant of the directp— =" 7° decay g¥),

On the other hand, this ratio can be written in the following ~0-7- ¢~ iS required to describe the experimental value for

form: B(¢—3m), indicating the direct transition as the main
mechanism of the decay.
m, |3 9+ & 4,000 2 The following w’ parameters were obtained from the fits
Rete-=|—| |Z00— = -0 (22 (Tables IV and V:
md) gyw 8¢wgy¢

Using theR.+.- value obtained, E¢22), and the nonrela- m,,=1400=50* 130 MeV,

tivistic quark model prediction
g P I, =870"5%%+450 MeV,

f(O)

—_ = \/E ( f\/:

(o)
f

Jam?
Y, (0w —37)=4.9+1.0+1.6 nb.

gyV

L ) Thew' decays mostly inter* 7~ 7% and its electronic width
the ¢-w mixing parametee 4,~0.06 was obtained. On the g I'(o'—e*e )~570 eV. Thew" parameters were found
other hand, taking into account the equatiop,,=g%). 1t pe

+e4,90),, and assumings) =0 andg{)) =g,,,. we

found &,,~0.06. Here theg,,, and g,,, coupling con- m,»=1770=50+60 MeV,

stants were calculated by using the SND results obtained in

this work and in Ref.[27], and the phase space factors [ ,=490"29+130 MeV
f 5 —150 '

W,.(m,) and W,.(m,) were calculated assuming; =0

anda;,=0. In this case the SND data agree with ihew O'(w"ﬂ377)=5.4fg:2i3.9 nb,

mixing dominance in theb— 7+ 7~ ° decay.

The ratio f{/f{)=— 2 is valid if the /(0,m,) wave
function of theqq bound state at the origin behaves like
|(0,my)|?cmy, that is, it corresponds to the Coulomb-like The o” resonance decays with approximately equal probabil-
nonrelativistic potential. But experimental data on the vectoity into #* 7~ #° and w7m: B(w”"—37)~0.65, B(w”
mesonp, o, ¢, J/y, andY (1S) leptonic widths supportthe — w77)~0.35, and it has the electronic width(w”
|4(0,my)|?=mZ behavior. Indeed, according to Rg53], —e"e”)~860 eV. The second errors shown above are due

to the model uncertainty and possible bias between the SND
167Ta2C2 0 2 and DM2 measurements. The' and »” parameters ob-
m\2/ vlg0my)l%, tained in this work are somewhat different from those ob-
tained in our previous analysjg]. In particular, thew’ and
whereC,, is the mean electric charge of the valence quarksy” full width values have decreased a little. This difference
inside the vector mesol (C5=1/2, C2=1/18, C5=1/9, s attributed to the fact that new data for the'e”

o(w"—wr 7 )=1.9+0.4+0.6 nb.

rVoete )=

C§/¢= 4/9, Ci(ls)zl/g)_ In the case ofy(0,my)|%cm?, _—>7r*7-r*77° cross section below 1 GeV were added in the
and in the absence of mixing, the following ratios are ex-fits. Of course, the values obtained are not precise measure-
pected: ments; they should be considered rather as an approximate
estimation of thew’ and w” resonance main parameters.
[(p—e'e ) I'(w—eTe ) :I'(p—eTe ).l In the energy region 889./s<970 MeV, the experimen-

tal points deviate from the fitting curvefig. 20. The dif-

X(Jy—ee )T (Y(1S)—e'e") ference can be attributed to inadequacy of the applied theo-

—c2-c2:c2 3C2/ :C% L retical models, and uncertainty of thh¢ and»” resonances
prw e YY) contributions. Maybe a more accurate consideration of the
=4.5:0.51:4:1. (23)  vector meson mixing is required.
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Using theete™ — 7" 7~ 70 cross section, obtained with
the SND detector in this work and in Ref£,27], the con-
tribution to the anomalous magnetic moment of the muon
due to ther =~ #° intermediate state in the vacuum polar-
ization, was calculated via the dispersion integral:

ZfsmaxR(S)K(S) q

am# S
3 s? ’

a,(3m,/s<1.38 Ge\)}=(

wheres,.,=1.38 GeV,S,i,=mo+2m_, K(s) is the QED
kernel, and
glete a7 7% [1-A(s)—An(s)]?

R(9)= olee —uu)

4o

+a— + =)=
oe’e —up)= 7
Hereo(ete — "7~ #) is the experimental cross section,
andA,(s) andAy(s) are corrections due to the leptonic and
hadronic vacuum polarizations. Thg(s) was calculated ac-
cording to Ref.[54] and A(s) was obtained by using the
e"e” —hadrons total cross section.

PHYSICAL REVIEW D 68, 052006 (2003

VIIl. CONCLUSION

The cross section of the processe™ — "7~ 7 was
measured in the SND experiment at the VEPP-2M collider in
the energy region/s below 980 MeV. The measured cross
section was analyzed in the framework of the generalized
vector meson dominance model together with thee™
—7at7 7% andwm 7w~ cross sections obtained by SND
and DM2 in the energy region 980,/s< 2000 MeV. Thew
meson parametersm,=782.79-0.08+0.09 MeV, T,
=8.68+0.04+0.15 MeV, and o(w—3m)=1615t9
+57 nb were obtained.

It was found that the experimental data cannot be de-
scribed by a sum o, ¢, w', andw” resonance contribu-
tions. This can be interpreted as a manifestatiop-ef3#
decay suppressed [y parity, with relative probabilityB(p
—37)=(1.01"334+0.034)x 10 *. The relative interfer-
ence phase between tle and p mesons was found to be
equal to ¢, 135f}§i 9°. These parameters of the
— 37 decay are in agreement with the theoretical values
expected from the-w mixing.

Analysis of thel'(¢—e e )/T(w—e*e”) ratio and
94,~ @andg,,, coupling constants obtained in the SND ex-
periments indicates that the direct transition is preferable to

The integral was evaluated by using the trapezoidal ruley_,, mixing as the main mechanism gf—=* 7~ «° decay.
To take into account the numerical integration errors, the ging thee*e™— 7" 7 #° cross section obtained with

correction method suggested in RE#5] was applied. As a
result, we obtained

a,(3m,\s<1.38 Ge\J=(458+2+17)x10 L

At present, at BINRNovosibirsk a VEPP-2000 collider
with energy range from 0.36 to 2 GeV and luminosity up to
102 cm 2s7! (at \s~2 GeV) is under constructiof56].
Theete — =" w0 process studies in the energy region
Js<2 GeV will be continued in future experiments with the
SND detector at this new facility.

the SND detector, the contribution to the anomalous mag-
netic moment of the muon due to the" 7~ 7° intermediate
state in the vacuum polarization, was calculaia)gmw,\/g
<1.38 GeV)=(458+2+17)x10 1%,
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