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The cross section of the process e

e~ — w7~ was measured in the spherical neutral detector experiment at

the VEPP-2M collider in the energy region 400 < /s < 1000 MeV. This measurement was based on about
12.4 - 10° selected collinear events, which include 7.4 - 10° ete™ — ete™, 4.5-10° eTe™ — #Tn~, and
0.5-10% eTe” — putp selected events. The systematic uncertainty of the cross section determination is
1.3%. The p-meson parameters were determined as m, = 774.9+0.4+0.5 MeV, I', = 146.5+ 0.8+ 1.5 MeV,
and o(p — 7t7n7) = 1220 + 7 4+ 16 nb and the parameters of the G-parity suppressed decay w — 777~ as
o(w—7T77)=29.941.441.0 nb and ¢y, = 113.5 &+ 1.3 & 1.7 degree.

PACS: 13.66.Bc, 13.66.Jn, 13.25.Jx, 12.40.Vv

1. INTRODUCTION

The cross section of the eTe™ — mF 7~ process in
the energy region /s < 1000 MeV can be described
within the vector meson dominance model and is de-
termined by the transitions V' — 777~ of the light vec-
tor mesons (V' = p,w,p’, p") into the final state. The
main contribution in this energy region comes from the
p — nt7~ and from the G-parity violating w — 7tm—
transitions. Studies of the ete™ — 777~ reaction al-
low determining the p and w meson parameters and
provide information on the G-parity violation mecha-
nism.

At low energies, the ete™ — 7t7m™ cross section
gives the dominant contribution to the celebrated ratio

o(eTe™ — hadrons)
oletem — ptp=) '

R(s) =
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which is used for calculation of the dispersion inte-
grals (for example, for evaluation of the electromag-
netic running coupling constant at the Z-boson mass
aem (s = m%) or for determination of the hadronic con-
tribution a/;**" to the anomalous magnetic moment of
the muon, which is nowadays measured with very high
accuracy 51079 [1, 2].

Assuming conservation of the vector current (CVC)
in the isospin symmetry limit, the spectral function of
the 7+ — 7%7%, decay can be related to the isovector
part of the ete~™ — w7~ cross section. The spec-
tral function was determined with high precision in
Refs. [3-5]. The comparison of the ete™ — 777~ cross
section with what follows from the spectral function
provides an accurate test of the CVC hypothesis.

The process ete™ — 7t7~ in the energy region
Vs < 1000 MeV was studied in several experiments
[6-19] during more than 30 years. In the present
work, the results of the ete™ — 7F7~ cross section
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measurement with spherical neutral detector (SND) at
390 < /s < 980 MeV are reported.

2. EXPERIMENT

The SND [20] operated from 1995 to 2000 at the
VEPP-2M |21] collider in the energy range /s from
360 to 1400 MeV. The detector contains several sub-
systems. The tracking system includes two cylindrical
drift chambers. The three-layer spherical electromag-
netic calorimeter is based on Nal(T1) crystals. The
muon/veto system consists of plastic scintillation coun-
ters and two layers of streamer tubes. The calorimeter
energy and angular resolutions depend on the photon
energy as

(0r/E) % = 4.2%/ {/E[GeV]

and
0.0 = 0.820/\/E[GGV] 3 0.63°.

The tracking system angular resolution is about 0.5°
and 2° for azimuthal and polar angles respectively.

In 1996-2000 the SND collected data in the energy
region /s < 980 MeV with the integrated luminos-
ity about 10.0 pb™". The beam energy was calculated
from the magnetic field value in the bending magnets
of the collider. The accuracy of the energy setting is
about 0.1 MeV. The beam energy spread varies in the
range from 0.06 MeV at /s = 360 MeV to 0.35 MeV at
Vs =970 MeV.

3. DATA ANALYSIS

The cross section of the eTe™ — 77~ process was
measured as follows.

1. The collinear events ete™ — eTe ™, w7, utu~
were selected.

2. The selected events were sorted into the two
classes: eTe™ and 7t 7, uT ™ using the energy depo-
sition in the calorimeter layers.

3. The efe™ — eTe  events were used for inte-
grated luminosity determination. The events of the
ete™ — utpu~ process were subtracted according to
the theoretical cross section, integrated luminosity, and
detection efficiency.

4. To determine the cross
ete™ — 7T 7~ process, the number of ete™

section of the
Y ara
events in each energy point were normalized to the
integrated luminosity and divided by the detection
efficiency and radiative correction.

N;/N
E. =180 MeV
0.15 i
300 MeV
0.10
0.05
0
100 200 300 400 500
E,MeV

Fig. 1. Energy deposition spectra for electrons with the
energies 180, 300, 390, and 485 MeV in experiment
(dots) and MC simulation (histogram)

The detection efficiency was obtained from Monte
Carlo (MC) simulation [20]. The MC simulation of
SND is based on the UNIMOD [22] package. The
SND geometrical model description comprises about
10000 distinct volumes and includes details of the SND
design. The primary generated particles are tracked
through the detector media with the following effects
taken into account: ionization losses, multiple scatter-
ing, bremsstrahlung of electrons and positrons, Comp-
ton effect and Rayleigh scattering, ete™ pair produc-
tion by photons, photoeffect, unstable particles decays,
interaction of stopped particles, and nuclear interaction
of hadrons [23-25]. After that, the signals produced
in each detector element are simulated. The electron-
ics noise, signals pile up, the actual time and ampli-
tude resolutions of the electronics channels and broken
channels were taken into account during processing the
Monte Carlo events to provide the adaptable account
of variable experimental conditions.

The Monte Carlo simulation of the processes
ete™ — ete , uTu~, m 7~ was based on the formula
obtained in the Refs. [26-28]. The simulation of the
process ete” — ete” was performed with the cut
30° < 6.+ < 150° on the polar angles of the final
electron and positron.

The ete™ — ete™, uTp~ and 7tr~ events dif-
fer by energy deposition in the calorimeter. In the
ete™ — ete™ events, the electrons produce an electro-
magnetic shower with the most probable energy losses
about 0.92 of the initial particle energy. The distri-
butions of the energy deposition of the electrons with
different energies are shown in Fig. 1. The experimental
and simulated spectra are in good agreement. Muons
lose their energy by ionization of the calorimeter ma-
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Fig.2. Energy deposition spectra for the 500 MeV
muons in experiment (dots) and MC simulation (his-
togram)
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Fig. 3. Spectra of the ionization losses of the pions with
the energy E. > 360 MeV in the first calorimeter layer.
Dots — experiment, histogram — MC simulation

terial through which they pass and their energy depo-
sition spectra are well modeled in simulation (Fig. 2).
The similar ionization losses are experienced by charged
pions, and this part of the charged pion energy depo-
sition is well described by simulation (Fig. 3). But
pions also lose their energy due to nuclear interactions,
which is not so accurately reproduced in simulation.
This leads to some difference in the energy deposition
spectra in experiment and simulation for charged pions
(Fig. 4).

The discrimination between electrons and pions in
the SND is based on the difference in the longitudi-
nal energy deposition profiles (deposition in calorime-
ter layers) for these particles. To fully use the correla-
tions between energy depositions in the calorimeter lay-
ers, the corresponding separation parameter was based

N;/N
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E, MéV
Fig.4. Energy deposition spectra of the pions with

the energy E. = 300 MeV. Dots — experiment, his-
togram — MC simulation
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Fig.5. The e/m discrimination parameter distribution

for all collinear events in the energy region /s from

880 to 630 MeV. Dots — experiment, histogram —
MC simulation

on the neural network approach [29]. For each energy
point, the neural network — multilayer perceptron was
constructed. The network had the input layer consist-
ing of 7 neurons, two hidden layers with 20 neurons
each, and the output layer with one neuron. As the
input data, the network used the energy depositions of
particles in calorimeter layers and the polar angle of one
of the particles. The output signal R,/ is a number in
the interval from —0.5 to 1.5. The network was trained
by using simulated eTe™ — 777~ and ete™ — eTe™
events. The distribution of the discrimination param-
eter R,/ is shown in Fig. 5. The efe™ — ete~
events are located in the region R,/ > 0.5, and the
ete” = ntn—, utp~ events at R,/ < 0.5.
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3.1. Selection criteria

During the experimental runs, the first-level trig-
ger [20] selects events with one or more tracks in the
tracking system and with two clusters in the calorime-
ter with the spatial angle between the clusters more
than 100°. The threshold on energy deposition in a
cluster was equal to 25 MeV. The threshold on the to-
tal energy deposition in the calorimeter was set equal
to 140 MeV in the energy region /s > 850 MeV, and
to 100 MeV, or was absent at all, below 850 MeV. Dur-
ing processing of the experimental data, event recon-
struction is performed [20, 30]. For further analysis,
events containing two charged particles with |z| < 10
cm and r < 1 cm were selected. Here, z is the coor-
dinate of the charged particle production point along
the beam axis (the longitudinal size of the interaction
region depends on the beam energy and varies from 1.5
to 2.5 cm) and r is the distance between the charged
particle track and the beam axis in the r¢ plane. The
polar angles of the charged particles were bounded by
the criterion 55° < 6 < 125° and the energy deposition
of each of them was required to be greater than 50 MeV.
The following cuts on the acollinearity angles in the az-
imuthal and polar planes were applied: |A¢| < 10° and
|AfA| < 10°. In the event sample selected under these
conditions, one has the ete™ — ete™, ntr=, ptpu~
events, cosmic muons background, and a small contri-
bution from the ete™ — 77~ 7% reaction at /s ~ m,,.
The muon system veto was used for suppression of the
cosmic muon background (veto = 0).

3.2. The background from cosmic muons and
from the ete™ — 7t 7~ 7° process

The number of background events from the
ete”™ = 77770 process was estimated as

NSW(S) = 03,1.(8)637‘.(8).[[/(8)., (1)
where 03.(s) is the cross section of the
ete™ = 7tr~ 7% process with the radiative cor-

rections taken into account, IL(s) is the integrated
luminosity, and €3 (s) is the detection probability for
the background process obtained from the simulation
under the selection criteria described above. The
values of o3:(s) were taken from the SND mea-
surements [31]. Although o3,(m,) &~ 1300 nb, the
ete™ — 37 process contribution to the total number
of collinear events at the w resonance peak is less
than 0.3 %. The leading role in the suppression of this
background was played by the cuts on the acollinearity
angles Af and A¢. In order to check the estimate
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Fig.6. Two-photon invariant mass m. distribution at
EESEUM
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Fig. 7. Distribution of the z coordinate of the charged

particle production point along the beam axis for

collinear events at /s = 180 MeV. Histogram — all

events, dashed distribution — events with muon sys-
tem veto (veto = 1)

in (1), the events containing two and more photons
with energy depositions more than 200 MeV were
considered.

Because our selection criteria select the eTe™ — 37
events with collinear charged pions and therefore the
neutral pion in this events has relatively low energy,
the constraint on the photon energy deposition greatly
suppresses the events other than eTe™ — 37 events. To
obtain the eTe™ — 37 event number ns3,, the invariant
mass spectrum m.., (Fig. 6) was fitted by the sum of a
Gaussian function and a second-order polynomial:

G(Myy)n3r + Po () (n = ngz).

The value of n3, agrees with events number calculated
according to (1).
The cosmic muon background was suppressed by
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Fig.8. The A¢ distribution of the ete™ — ete”
events. Dots — experiment, histogram — MC sim-
ulation
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Fig.9. The A¢ distribution of the ete™ — ntz~
events. Dots — experiment, histogram — MC simula-
tion
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Fig.10. The Af distribution of the ete™ — ete”
events. Dots — experiment, histogram — MC simula-
tion
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Fig.11. The A# distribution of the ete™ — ntn~
events. Dots — experiment, histogram — MC simula-
tion

the muon/veto system. The z coordinate distribu-
tion for the charged particle production point along
the beam axis is shown in Fig. 7 for collinear events.
The eTe™ annihilation events have the Gaussian distri-
bution peaked at z = 0, while the cosmic background
distribution is nearly uniform and clearly extends out-
side the peak. As Fig. 7 shows, the muon system veto
(veto = 1) separates cosmic muons from the eTe™ an-
nihilation events. The residual event number of the
cosmic muon background was estimated from the for-
mula

N, =v,T, (2)

where v, ~ 1.3 - 1073 Hz is the frequency of cosmic
background registration under the applied selection cri-
teria and T is the time of data taking. The value of v,
was obtained by using data collected in special runs
without beams in the collider. The first-level trigger
counting rate in these runs was 2 Hz. The contribu-
tion of the cosmic background to the total number of
selected collinear events depends on the energy /s and
varies from 0.1 to 1%.

The ete” — mT7~ 70 events are concentrated in
the R,/ discrimination parameter region R, /. < 0.5.
The cosmic background events at the energies
Vs > 600 MeV also fall in the area R/, < 0.5,
because the energy deposition of the cosmic muons
is much lower than the energy deposition in the
ete™ — ete” events. For lower center-of-mass
energies, the cosmic background moves to the area
Re/x > 0.5, because the energy depositions are close
in this case.
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Fig.12. The # angle distribution of the eTe™ — eTe™
events. Dots — experiment, histogram — MC simula-
tion

3.3. Detection efficiency

The A¢ and A# distributions of the ete™ — eTe™
and eTe”™ — 77~ events are shown in Figs. 8, 9, 10,
and 11. Experiment and simulation agree rather well.
As a measure of the systematic uncertainty due to the
A6 cut, the following value was used:

dng =
ee
6A0

where

5%, =
A0 NL (A6 < 20°) / M, (|A6] < 20°)°

na(|A6] < 10°) /mx(A9| < 10°)
Here, n, (|Af] < 10°) and m, (|JA#] < 10°) are the num-
bers of experimental and simulated events, selected un-
der the condition |Af| < 10°, while N,(]Af] < 20°)
and M,(|AA| < 20°) are the numbers of experimen-
tal and simulated events with |Af| < 20°. The dag
does not depend on energy, its average value is equal
to 0.999, and it has the systematic spread 0.4 %. This
systematic spread was added to the error of the cross
section measurement at each energy point. The sys-
tematic error due to the A¢ cut is significantly lower
and was neglected.

The polar angle distributions for the ete™ — eTe™
and eTe” — mT7~ processes are shown in Figs. 12
and 13. The ratio of these # distributions is shown in
Fig. 14. The experimental and simulated distributions
are in agreement. To estimate the systematic inaccu-
racy due to the 6 angle selection cut, the following ratio
was used:

= 5(55°)° )

x = nr(ee).

N; /N
0.06
0.04
0.02 - i
O 1 1 1 1
60 80 100 120
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Fig. 13. The 6 angle distribution of the eTe™ — 7t 7~
Dots — experiment, histogram — MC simula-
tion

events.

L >

=
60 80 100 120
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Fig. 14. The ratio of @ distributions of the
+

e~ — ntn and eTe” — eTe™ processes. Dots —
experiment, histogram — MC simulation

e

where

5( z) =
(0 <0 < 1800—996)/1\4””(990 <6 < 180°—6,)

N,
Nee(0r < 0 < 180°—0,) / Mo (0, <0 < 180°—6,) '

50° < 6, < 90°.

Here, N,(0, < 6 < 180° — 0,), Ne(0, < 6 <
< 180° — 0,), M,(6, < 6 < 180° — 6,), and
M. (6, < 6 < 180° — 6,) are the experimental and
simulated ete”™ — 777~ and efe™ — eTe™ event
numbers in the angular range 6, < 6 < 180° — 4,.
The maximal difference of 9 from unity was found to
be 0.8%. This value was taken as a systematic error
o9 = 0.8 % associated with the angular selection cut.
In the tracking system, the particle track can be
lost due to reconstruction inefficiency. The probabili-
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Fig.15. The dr>50 correction coefficient associated
with the pion energy deposition cut vs the pion ener-
gy Ex

ties to find the track was determined by using experi-
mental data themselves. It was found to be e, ~ 0.996
for electrons and &, & 0.995 for pions. In simulation,
these values do not actually differ from unity, while
in reality, the track finding probability for electrons is
slightly greater than for pions. Therefore, the detection
efficiency was multiplied by the correction coefficient

2
Sroe = <6—“> = 0.997. (5)

e

Pions can be lost due to the nuclear interaction in
the detector material before the tracking system, for
example, via the reaction 7*N — 7+ N with the fi-
nal pion scattered at a large angle or via the charge
exchange reaction 7N — 7°N. As a measure of sys-
tematic inaccuracy associated with this effect, the dif-
ference from unity of the following quantity was used:

-\’
Onuct = 1—% . (6)
“ 3

Here, N and M are the pion numbers in experiment,
and simulation; n and m are the pion numbers in ex-
periment and simulation in the case where a track in
the drift chamber nearest to the beam pipe was de-
tected but the corresponding track in the second drift
chamber and associated cluster in the calorimeter was
not found. The particle loss probability was divided by
3, the ratio of the amounts of matter between the drift
chambers and before the tracking system. The devi-
ation of d,,¢ from 1 was taken as a systematic error
Onucl = 0.2 %

Uncertainties in simulation of pion nuclear interac-
tions imply that the cut on the particle energy deposi-
tion leads to an inaccuracy in the detection efficiency

of the ete™ — 77~ process. To take this inaccuracy
into account, the detection efficiency was multiplied by
the correction coefficients. The correction coefficients
were obtained by using events of the ete™ — rt7 70
reaction [30-32]. Pion energies in the eTe™ — 777"
events were determined via the kinematic fit. The pion
energies were divided into the 10 MeV wide bins. For
each bin, the correction coefficient (Fig. 15) was ob-
tained as

ni/ N ] )

0p>50 = [m/]\/[

where i is the bin number, N; and M; are the pion
numbers in experiment and simulation selected in the
ith bin by the kinematic fit without any cut on the
energy deposition in the calorimeter; and n; and m;
are the pion numbers in experiment and simulation
under the condition that the pion energy deposition
is greater than 50 MeV. To estimate systematic errors
in determining these correction coefficients, we consid-
ered the ratio of the probability that both pions in sim-
ulated ete”™ — 777~ events have energy deposition
more than 50 MeV to the quantity (m;/M;)?. This
ratio is 0.994 at /s > 420 MeV and about 0.97 at
/5 < 420 MeV. The difference of this ratio from unity
was taken as a systematic error og~s9 of the dg~50
correction coefficient determination: og~50 = 0.6 % at
/s> 420 MeV and og=50 = 3% at /s < 420 MeV.

In the energy region /s = 840-970 MeV, the proba-
bility to hit the muon/veto system for muons and pions
varies from 1% to 93 %, and from 0.5 % to 3 % respec-
tively. The usage of the muon system veto for event se-
lection (veto = 0) leads to inaccuracy in the measured
cross section determination due to the uncertainty in
the simulation of the muons and pions traversing the
detector at /s > 840 MeV. To obtain the necessary cor-
rections, the events close to the median plane ¢ < 10°,
170° < ¢ < 190°, ¢ > 350°, where the cosmic back-
ground is minimal, were used. The eTe™ — ntm™
cross section was measured with (veto = 0) and with-
out (veto > 0) using the muon system, and the follow-
ing correction coefficient was obtained for each energy
point:

olete™ = atr=;veto > 0)
olete = mtmr—;veto =0)°

5veto = (8)
It was found that e = 0.95 at /s = 970 MeV and
quickly rises up to 1 for lower energies.

The detection efficiencies of the processes
ete™ — ntn~, utp~ and ete™ after all the applied
corrections are shown in Fig. 16. The detection effi-
ciency is independent of energy for the ete™ — etTe™
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Fig.16. The detection efficiencies er» (%), cce (M),
and £, (o), of the ete™ — 777, u* ™ and ete”
processes

reaction but depends on it for the ete™ — puTu™ and
7t 7~ processes. The decrease of the ete™ — putpu~
process detection efficiency at /s > 800 MeV is caused
by the fact that the probability for muons to hit the
muon system rises with energy. The detection effi-
ciency of the ete™ — 77~ process at /s > 500 MeV
is determined mainly by the cuts on the pion angles.
Below 500 MeV, the detection efficiency decreases
due to the cut on the pion energy deposition in
the calorimeter. The statistical error < 1% of the
detection efficiency determination was added to the
cross section measurement error at each energy point.
The total systematic error of the detection efficiency
determination oefp = 0E>50 B Onuct B 0g 1S epp = 1%
at /s > 420 MeV and o,y = 3.1% at /s < 420 MeV.

3.4. Measurement of the ete™ — wT7~ cross
section

The number of selected events in the regions
Re/r < 0.5 and R,/ > 0.5 are

N = Npz + Nee + Ny + Ny + Nag, (9)

M = Mnr + Mee + My, + M, + M. (10)

Here, N and M are the event numbers in the respec-
tive regions R./r < 0.5 and Re/r > 0.5. N, M, and
N3, M3, are the numbers of background events due to
cosmic muons and the ete™ — 777770 process, calcu-
lated as described above. The ete™ — u*pu™ process
event number can be written as

Nup = oppepn(l — €))L, (11)

Myy = oppepp€pnl L, (12)

where 0, is the ete”™ — ptpu~ process cross sec-
tion obtained according to Ref. [27], ¢, is the pro-
cess detection efficiency, €,, is the probability for the
ete™ — putpu~ process events to have R,/ > 0.5, and
IL is the integrated luminosity,

MEG

b)
Oee€eeee

IL = (13)
where c.. and €. are the detection efficiency and
the probability to have R,/ > 0.5 for the process
ete” — ete, and 0., is the process cross section
with the 30° < # < 150° angular cut for the electron
and positron in the final state. The cross section o,
was calculated using the BHWIDE 1.04 [33] code with
the accuracy 0.5%. The ete™ — 777~ process event
number with R/, > 0.5 and the eTe™ — eTe™ process
event number with R,/ < 0.5 can be written as

1 — €ce
Nee = Mee = /\eeMem
666
1- €ee
Mﬂ'ﬂ' - N7r7r - )\ﬂ'nNnﬂ'-
€ee
The efe™ — ete™ process event number with

Rz > 0.5 and the ete™ — 77~ process event num-
ber with R/, < 0.5 are equal to

M = M, — Apn(N = N,)
Mee = - — -
K —Arx ’

(14)

Npz =N — N, — M A, (15)

where

A=\, + Oup€pp(l — €up) + Nax /1L
OeeCeeee '

Oup€pup€up + Mgﬂ-/IL
OeeCecCee

k=1+

The percentage of each process in the selected events
versus the energy /s is shown in Fig. 17. The ex-
perimental angular distributions agree with the sum of
distributions for each process weighted according to its
contribution (Fig. 18).

The ete™ — mF 7~ process cross section is calcu-
lated from the formula

N7r7r
Onn = 77 77 . —
Ilepr(1 — €nn)
OceCeefee K= AAWT"

= e | T —A|. (16)
N —

"
- A7r71'
NH
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Fig.17. The percentage of the eTe™ — ete™ (1), ]
Fig.19. The probability of the pseudo 77 events to

atr™ (2), wtp™ (3), 7Tn~ 7% (4) and cosmic back-
ground (5) vs the energy /s

N;/N
0.15 F ° . . E
0.10 | J
0.05 J
0 1 1 1 1
60 80 100 120

0, degree

Fig.18. The 6 angle distributions of all collinear events
at /s from 880 MeV to 630 MeV. Dots — experiment,
histogram — MC simulation

To estimate the systematic uncertainty due to e —
discrimination, the pseudo n7w and pseudo ee events
in the experiment and simulation were formed. The
pseudo 7 events were constructed by using pions from
the eTe™ — 7~ 7% reaction. To construct the pseudo
m event with the pions having energy Ejy, two charged
pions with energies F, such that |Ey — E;| < 10 MeV
were used from two separate ete™ — 7770
Of course, such pseudo 77 events are in general not
collinear, but this is irrelevant for our purposes here.
The pseudo ee event was constructed analogously from
the particles of two separate collinear events such that
their partners in these events have energy depositions in
the calorimeter layers typical for electrons. Figures 19
and 20 show the probabilities for the discrimination pa-
rameter to have values less than some magnitude in ex-
periment and simulation for such pseudo events. Using
these distributions, the corrections to the probabilities

events.

have the R.,, value less than some Rg. Dots — ex-
periment, histogram — MC simulation

P(Re/ﬂ- > Ro)

1.01 T T T T
1.00
0.99
0.98
0.97 L . ) .
—0.2 0 0.2 04 0.6 0.8
Re/ﬂ'
Fig.20. The probability of the pseudo ee events to

have the R.,, value greater than some Ro. Dots —
experiment, histogram — MC simulation

for the separation parameter R, /. to be greater or less
than 0.5 was obtained. The difference between cross
sections measured with and without these corrections
was taken as a systematic error and its value does not
exceed 0.5 % for different energy points.

The obtained cross sections together with the ra-
diative corrections 6,44, including the initial and final
state radiation, are presented in Table 1. The 0,44 ra-
diative correction was calculated according to Ref. [28].
The accuracy of its determination is 0.2 %. Given the
radiative corrections, the Born cross section for the
ete™ — mT ™ process can be obtained as

Ornr(8)

6rad(3) .

The value of 0,44(s) depends on the cross section at

oo(s) = (17)
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Table 1.

The results of the ete™ — 7

+

7~ cross section measurements. o is the eTe™ = 7

7~ cross section with

the radiative corrections due to the initial and final state radiation taken into account, d,,4 is the radiative correction

due to the initial and final state radiation, oo and | F,|? are the cross section and the form factor of the ete™ — 777~
process after the radiative corrections were undressed, and o?% is the eTe™ — 77~ undressed cross section without

vacuum polarization but with the final state radiation. Only uncorrelated errors are shown. The correlated systematic
error gsys is 1.3% for /s > 420 MeV and 3.2 % for /s < 420 MeV

/5, MeV Orm, DD Srad 09, nb |Fr |? aPol nb
970.0 118.12+ 2.76 1.491 79.20+ 1.85 3.91+ 0.09 77.53+ 1.81
958.0 137.16+ 2.94 1.454 94.344+ 2.02 4.56+ 0.10 92.16+ 1.97
950.0 150.02+ 2.85 1.430 104.88+ 1.99 4.99+ 0.09 102.35+ 1.94
940.0 166.55+ 2.27 1.400 119.00+ 1.62 5.56+ 0.08 116.01+ 1.58
920.0 204.99+ 7.14 1.340 152.96+ 5.33 6.89+ 0.24 148.60+ 5.18
880.0 310.824 3.52 1.220 254.67+ 2.88 10.654+ 0.12 245.94+ 2.78
840.0 513.80+ 4.76 1.106 464.48+ 4.30 17.99+ 0.17 446.64+ 4.13
820.0 676.03+ 5.99 1.055 640.60+ 5.68 23.86+ 0.21 614.57+ 5.45
810.0 760.19+ 6.58 1.032 736.34+ 6.37 26.90+ 0.23 704.79+ 6.10
800.0 856.66+ 7.32 1.013 845.61+ 7.23 30.284+ 0.26 807.33+ 6.90
794.0 890.86+ 7.43 1.009 883.09+ 7.37 31.25+ 0.26 838.38+ 7.00
790.0 892.35+17.70 1.015 879.09+17.44 30.86+ 0.61 829.16+ 16.45
786.0 926.47+ 7.84 1.031 898.194+ 7.60 31.28+ 0.26 842.924+ 7.13
785.0 941.344+ 9.33 1.032 911.994 9.04 31.70+ 0.31 858.12+ 8.51
784.0 989.76+20.12 1.025 966.05+19.64 33.51+ 0.68 915.22+ 18.61
783.0 1060.12+11.38 1.010 1050.084+11.27 36.35+ 0.39 1005.994+ 10.80
782.0 1123.55+26.83 0.989 1136.344+27.14 39.26+ 0.94 1102.62+ 26.33
781.0 1158.03+10.80 0.971 1192.83+11.12 41.134+ 0.38 1169.48+ 10.90
780.0 1211.67+ 9.98 0.957 1266.56+10.43 43.59+ 0.36 1252.62+ 10.32
778.0 1273.384+ 9.47 0.944 1349.274+10.03 46.25+ 0.34 1343.80+ 9.99
774.0 1282.06+ 9.49 0.938 1366.85+10.12 46.484+ 0.34 1361.99+ 10.08
770.0 1249.25+ 9.26 0.935 1336.51+ 9.91 45.084+ 0.33 1330.424+ 9.86
764.0 1247.24+ 9.35 0.932 1338.624+10.04 44.61+ 0.33 1331.354+ 9.99
760.0 1244.74+ 9.58 0.927 1342.60+10.33 44.39+ 0.34 1335.30+ 10.27
750.0 1219.07+21.50 0.920 1325.56+23.38 42.95+ 0.76 1321.82+ 23.31
720.0 989.95+ 6.62 0.910 1087.59+ 7.27 33.15+ 0.22 1091.884+ 7.30

lower energies, and it was therefore calculated itera-
tively. The iteration stops then its value changes by
not more than 0.1 % in consecutive iterations. The form

factor values

3s

|Fﬂ'(8)|2 = Waﬂ'w(s)v B =

are also listed in Table 1. To evaluate the value of

R(s) =

J1o e
S

o(eTe™ — hadrons)

oletem — ptp=) '

which is used in calculating dispersion integrals, the
bare cross section ete™ — 77~ is used (the cross
section without vacuum polarization contribution but
with the final state radiation taken into account),

pol(g) = 1-m(s)2 (142 18

o2 () = o)1~ M) (14 Za(s) ), (19)
where TI(s) is the polarization operator calcu-

lated according to the Ref. [27] from the known
ete” — hadrons cross section [34]. The last factor
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Table 1.  (Continued)

/5, MeV Orr, DD Srad 09, nb |Fy|? aPol nb
690.0 T17.99+ 7.78 0.915 784.79+ 8.50 22.50+ 0.24 789.95+ 8.56
660.0 515.95+ 5.87 0.923 558.83+ 6.36 15.07+ 0.17 561.19+ 6.39
630.0 382.69+ 8.35 0.933 410.32+ 8.95 10.41+ 0.23 411.22+ 8.97
600.0 287.18+10.56 0.940 305.50+£11.23 7.30+ 0.27 305.61+ 11.23
580.0 255.244+14.39 0.945 270.244+15.24 6.224+ 0.35 269.85+ 15.22
560.0 226.60+12.41 0.948 239.01+13.09 5.30+ 0.29 238.63+ 13.07
550.0 217.524+17.51 0.950 228.994+18.43 4.99+ 0.40 228.294+ 18.37
540.0 212.67£13.55 0.952 223.47+14.24 4.784+ 0.30 222.82+ 14.20
530.0 200.04+£22.75 0.953 210.00+23.88 4.424+ 0.50 209.43+ 23.82
520.0 178.13+10.25 0.954 186.73+10.75 3.87+ 0.22 186.26+ 10.72
510.0 174.28+16.65 0.954 182.60+17.45 3.73+ 0.36 181.82+ 17.38
500.0 175.224+10.78 0.955 183.524+11.29 3.70+ 0.23 182.77+ 11.24
480.0 165.18+ 9.58 0.955 172.90+10.03 3.41+ 0.20 172.29+ 9.99
470.0 143.94+13.21 0.955 150.71+£13.83 2.94+ 0.27 150.22+ 13.78
450.0 141.32+14.21 0.954 148.10+14.89 2.86+ 0.29 147.42+ 14.82
440.0 116.154+15.58 0.953 121.864+16.35 2.35+ 0.32 121.34+ 16.28
430.0 111.274+12.60 0.952 116.864+13.23 2.26+ 0.26 116.41+ 13.18
410.0 127.38+19.11 0.949 134.23+20.14 2.64+ 0.40 133.84+ 20.08
390.0 121.81+£22.48 0.944 128.98+23.80 2.65+ 0.49 128.76+ 23.76

takes the final state radiation into account, and a(s)
has the form [35]

2 _ —

2 1+0 1+4
—3In m1 —6_21 nAln 6}
—31n1_52 41n6+53 {5( + B?)? —

x In

}x
1448 314 p2
-3 2 3

Lis(z /dtlnl—t

The values of aP9!(s) are listed in Table 1.
The total systematic error of the cross section de-
termination is

Here,

Osys = Oeff B Osep D OTL, D Opaq-

Here, ofs is the systematic error of the detection effi-
ciency determination, o), is the systematic error asso-
ciated with the e — 7 separation, oy, is the systematic

error of the integrated luminosity determination, and
Orad 18 the uncertainty of the radiative correction calcu-
lation. The magnitudes of various contributions to the
total systematic error are shown in Table 2. The total
systematic error of the cross section determinations is
osys = 1.3% at /s > 420 MeV and o5 = 3.2% at
/8 < 420 MeV.

— w7~ CROSS SECTION
ANALYSIS

4. THE ete~

4.1. Theoretical framework

In the framework of the vector meson dominance
model, the cross section of the ete™ — 77~ process
is
2

dra
Orn(8) = 372

Prr ()| Arn ()], (19)

Here, P(s) is the phase space factor:

%\/s —4dm?2.

Pﬂ'ﬂ'(s) = Qi(s)v qw(s) =
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Table 2. Various contributions to the system-

Tr~ cross section de-

atic error of the ete™ — «
termination. o,y is the total systematic error and
Ocff = OE>50 P Onucl B0y is the systematic inaccuracy

of the detection efficiency determination

Frro Contribution Contribution
rror
at /s > 420 MeV | at /s < 420 MeV

OE>50 0.6 % 3.0%
Onucl 0.2% 0.2%

oo 0.8% 0.8%
Oeff 1.0% 31%
Osep 0.5% 0.5%
OrIrL 0.5% 0.5 %
Orad 0.2% 0.2%
Osys 1.3% 3.2%

The amplitudes of the v* — 7+ 7~ transition are given
by

| Arr (5)]* = \/gé :

Lymi\/myo(V = nta-)
Z . Dy (s) -

X

V=p,w,p’,p"

eid’pV

x » (20)

q3(mv)

where
Dy (s) =m} — s —iy/sTv(s),

Ty(s) =Y T(V = f,5).
f

Here, f denotes the final state of the V' vector meson de-
cay, my is the vector meson mass, and 'y = T'y (my).
The following forms of the energy dependence of the
vector meson total widths were used:

T,(s) = mTiqg%Si)FwB(w - atrT) +
%FwB(w - 709) +
+ %FMB((U — 37),
Ty(s) = my () Vi=p.pp"

s qx(my)

Here,

2
5—m;

qrny = T/ga

W, (s) is the phase-space factor for the pr — 7+ 7~ 70
final state [30-32]. In the energy dependence of the
p,p', p" mesons widths, only the V' — 777~ decays
were taken into account. This approach is justified in
the energy region /s < 1000 MeV. Nowadays, the p’, p’
decays are rather poorly known, and therefore the same
approximation was also used for fitting the data above
1000 MeV. The w-meson mass and width were taken
from the SND measurements: m,, = 782.79 MeV and
I, =8.68 MeV [31].

The relative decay probabilities were calculated as

B(V = X) = % o(V) =Y oV = X),
X
oV = X) = 127B(V = ete )B(V — X)

my;
In the analysis presented here, we have used
o(w — 7%y) = 155.8 nb and o(w — 37) = 1615 nb
obtained in the SND experiments [31, 36].

The parameter ¢,v is the relative interference phase
between the vector mesons V' and p, and hence ¢,, = 0.
The phases ¢,y can deviate from 180° or 0°, and their
values can be energy-dependent due to mixing between
vector mesons. The phases ¢,, and ¢,,+ were fixed at
180° and 0°, because these values are consistent with
the existing experimental data for the ete™ — nta™
reaction.

Taking the p — w mixing into account, the
w — 77~ and p — 77~ transition amplitudes can
be written as [37, 3§]

Au.)*)ﬂ""ﬂ'_ + Ap~>7r+7r_ = 22 =A |:1 - = 5(3):| +

Dp(s) @
(0) (0) (0)
JywGprm Jurm
R — 21
» Bt [e<s>+g%} (21)
where
~10,,

sm3 Ty BV — e+e)]'”
vV ete”)
dra '

lgv| = [

1/2
6rm} Ty B(V — ntn) /
3 (mvy) ‘

‘gVﬂ'ﬂ" = [
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The superscript (0) denotes the coupling constants of
the bare, unmixed state. II,, is the polarization oper-
ator of the p —w mixing:

M (s) = Re(llpy (s)) + iIm(Mpy(s)),  (22)
and Im(II,, (s)) can be written as

(0) (0) 3
9prrJuandz S
T s)) = 5] 22mrtele)

(0) (0) 3 (0) (0) 3
T wTm + w
+ 9o~ 9 »qu(s) 9o 9 n’vqm(s) }7 (23)

3

where
3Ty B(V — Py)} 1/2
43, (my) '
We neglected the contributions to Im(II,,(s)) due to
the V P intermediate state (V = w,p,P = m,n). The
real part Re(Il,, (s)) can be represented as

Re(Il,, (s)) = Re(II}, (s)) + Re(Il, (s)),  (24)

gvpy = [

where
— 470 (0
Re(TT7,, (s)) = —2en 91 (25)
s

is the one-photon contribution to Re(Il,,(s)). We as-
sume that the energy dependence of Re(IT},, (s)) is neg-
ligible, and can then be expressed by using the mea-
sured branching ratio

(0) 2

Junw
G

Fp(mw)

Blw—=ntr™) = T

e(my) +

(26)

as

drg g0 O
Re(IT),) = 21022090 | Somr (2 _ )
my Yprm
N IyB(w—ntr™)

I,(my)

2

‘Dwm) ~ D,(m.)

) [ b G @iy (M) + G g 85, ()

3

) 9y 1/2
+merw}} . (27)

g ger)ﬂ'

Equation (21) can be rewritten as

| W

1
Au.)*)ﬂ""ﬂ'_ + Ap~>7r+7r_ = a X

Tymi  /myo(V — ntn)
fVﬂ'Tl'(s) 28
Xiqﬁ(mv)’ (28)

where (s
TVar(S
T S = N\
fV ( ) rVﬂ'Tl'(mV)
and
(0) (0)
g g T
rorn(5) = 1= Tre(s), ruma(s) = e(s) + S5
9vp Yorrm

The theoretical value of the phase ¢,, can be calcu-
lated from the above expressions:

¢Pw = arg(fwnﬂ'(mw)) - arg(fpﬂ'ﬂ'(mp)) ~ 101°.

The phase ¢,,, is almost independent of energy. In this
calculation, we assumed that the w — 777~ transition
proceeds only via the p — w mixing, that is, 95,0,2,, =0.
To determine the ¢'%r, g% d ¢\% li -

gprm: 9oy, and gy p., coupling con
stants, the corresponding measured decay widths were

used.

4.2, Fit to the experimental data

The p’ and p" parameters were determined from the
fit to the eTe™ — 77w~ cross section measured in the
energy region /s < 2400 MeV by OLYA and DM2 de-
tectors [17, 39], together with the isovector part of the
ete™ — atm™ cross section calculated by assuming
the CVC hypothesis from the spectral function of the
7= — 7~ 7%, decay measured by CLEO II [5],

o (i) = 4(ra)? B(r — nnv;) m8 1 "
Y my B(r = evovy) 127Vid|? Sew
1 1 N;
X —, (29

mi(m2 —m?)2(m2 +2m?) N Am;’

where m; is the central value of the 7~ 70 pair invariant
mass for the ith bin, Am; is the bin width, N; is the
number of entries in the ith bin, N is the total num-
ber of entries, |V,4| is the CKM matrix element, and
Spw = 1.0194 is the radiative correction [3, 5, 40].

The obtained p' and p"” parameters were used in
the fitting to the SND data (Table 3, Fig. 21). The
free parameters of the fit were m,, T')y, o(p — 7t77),
o(w = 7777), ¢pw and o(p’ — 7wF7~). The first fit
was performed with o(p” — nt7x™), p’ and p” masses,
and widths fixed at the values obtained from the fit to
the CLEO II and DM2 data. The second and third
fits were done without the p"” meson. The p’ mass and
width were fixed by using the results of the fit to the
CLEO II and DM2 data (the second variant in the Tab-
le 3) and to the OLYA data (the third variant in Tab-
le 3). The values of the p and w parameters exhibit a
rather weak model dependence.
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Table 3.  Fit results. The column number N corresponds to the different choices of the p' and p” parameters
N 1 2 3
m,, MeV 774.9+£0.4 774.94£0.4 774.9+£0.4
'y, MeV 146.2+0.8 146.440.8 146.3+0.8
o(p— 7xTr7), nb 122247 1218+7 121947
o(w— 7t77), nb 30.241.4 30.341.4 30.34+1.4
Opw, degree 113.6£1.3 113.4+1.3 113.5+£1.3
my, MeV 1403 1403 1360
'y, MeV 455 455 430
o(p) = 7t77), nb 3.8+0.3 1.8+0.2 1.94+0.2
myr, MeV 1756
Ly, MeV 245
o(p” = ntx), nb 1.7
X /Nas 50.2/39 48.8/39 49.4/39
o,nb Gexp/ Git
* SND oCMD
A0LYA v DMI1

1000 J

500 b

600 800
Vs, MeV

Fig.21. The ete™ — w77~ cross section. Stars are
the SND data obtained in this work, the curve is the
fit result

5. DISCUSSION
The comparison of the ete™ — 77~ cross sec-
tion obtained in the SND experiment with other re-
sults [8,9,17-19] is shown in Figs. 22, 23, 24, and 25.
In the energy region /s < 600 MeV, all experimental
data are in agreement (Fig. 22). Above 600 MeV, the
OSPK(ORSAY-ACO)[8] and DM1 [9] points lie about
10 % lower than the SND ones (Fig. 23). The SND cross
section exceeds the OLYA and CMD measurements [17]
by 6 £ 1% in this energy region (Fig. 24). The system-
atic error of OLYA measurement is 4 % and the OLYA
data agree with the SND result. The systematic uncer-
tainty of the CMD result is 2 %, and hence the differ-

!
@{ gt

1
1

0.8+ 1
0.6
1 1 1 1
400 450 500 550
ﬁ, MeV
Fig.22. The ratio of the ete™ — 777~ cross sec-

tion obtained in different experiments to the fit curve

(Fig. 21). The shaded area shows the systematic error

of the SND measurements. The SND (*, this work),

CMD (o), OLYA (A) and DM1 (V) [9, 17] results are
presented

ence between the SND and CMD results is about 2.5 of
the joint systematic error. At the same time, the SND
and CMD data below 600 MeV agree well (Fig. 22).
The average deviation between CMD2 [18] and SND
data is 1.4+ 0.5 %, the systematic inaccuracies of these
measurements are 0.6 % and 1.3 % respectively. In the
KLOE experiment at the ¢-factory DAF®NE, the form
factor |Fy(s)|> was measured by using the «radiative
return» method with the systematic error 0.9 % [19].
In Ref. [19], the bare form factor is listed. In order to
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Gexp/cfir Gexp/cfzt
121 1.2
1.0 g R £ e 1
ik - il
I !
I
L
0.8F
| | | | 0‘8 1 1 1 1
600 700 800 900 600 700 800 900
Js,MeV Js,MeV
Fig.23. The ratio of the eTe™ — 777~ cross sec- Fig.25. The ratio of the eTe™ — 777~ cross sec-

tion obtained in different experiments to the fit curve
(Fig. 21). The shaded area shows the systematic error
of the SND measurements. The SND (*, this work),
DM1 (v), and OSPK (0O) [8, 9] results are presented

1 1
600 700 800 900

Fig.24. The ratio of the ete™ — 777~ cross sec-
tion obtained in different experiments to the fit curve
(Fig. 21). The shaded area shows the systematic error
of the SND measurements. The SND (%, this work),
OLYA (A), and CMD (o) [17] results are presented

compare the KLOE result with the SND one, we there-
fore appropriately dressed the form factor. The results
of this comparison are shown in Fig. 25. The KLOE
measurement is in conflict with the SND result as well
as with the CMD2 one.

The p-meson parameters m,, I, o(p = 7777)
were determined from the study of the ete™ — 7t7—
cross section. The p meson mass and width were found
to be

m, = 7749+ 0.4+ 0.5 MeV,

tion obtained in different experiments to the fit curve

(Fig. 21). The shaded area shows the systematic er-

ror of the SND measurements. The SND (%, this

work), CMD2 (m) and KLOE (e) [18,19] results are
presented

I, =146.5+ 0.8 £ 1.5 MeV.

The systematic error is related to the accuracy of the
collider energy determination, to the model uncertainty
and to the error of the cross section determination. The
p-meson parameters were studied in other eTe™ exper-
iments by using the processes ete™ — 777 [17,18],
efe™ = pnr — ot~ 0 [32,41] and the 7= — 7~ 7%,
decay [3,5]. The SND results are in agreement with
these measurements, as is shown in Figs. 26 and 27.
The parameter o(p — 77 ~) was found to be

o(p— mrr7) = 1220+ 7 £ 16 nb,

which corresponds to

B(p—ete )B(p—ntn ) =
= (4.991 £ 0.028 £ 0.066) - 107,

C(p—ete”)=7.3140.021 +£0.11 keV.

The systematic error includes systematic uncertainties
in the cross section measurement and the model depen-
dence. A comparison of the I'(p — e*e™) obtained in
this work with other experimental results [8,17, 18] and
with the PDG world average [42] is shown in Fig. 28.
The SND result exceeds all previous measurements.
It differs by about 1.5 standard deviations from the
CMD2 measurement [18] and by 2 standard devia-
tions from the PDG world average [42]. The differ-
ence of the p-meson leptonic widths obtained by SND
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m, MeV
780

778

776 -

774

T2

770

SND-05
KLOE-03
SND-02
CMD2-02
CLEO2-00
ALEPH-97
OLYA-85

Fig.26. The p-meson mass m, measured in this work
(SND-05) and in Refs. [3,5, 17, 18, 32, 41]. The shaded
area shows the average of the previous results

Iy, MeV
160

1551

150+ }

145+

{

140

SND-05
KLOE-03
SND-02
CMD2-02
CLEO2-00
ALEPH-97
OLYA-85

Fig.27. The p meson width ', measured in this work
(SND-05) and in Refs. [3,5,17,18, 32,41]. The shaded
area shows the average of the previous results

and CMD2 should be attributed mainly to the differ-
ence in the total widths of the p-meson rather than
to the difference in the cross section values. The value
o(p — mF7~) = 1198 nb, which can be obtained by us-
ing the CMD2 cross section data reported in Ref. [18],
agrees with the SND result within the measurements
erTors.
The parameter o(w — 77 7~) was found to be

o(w—7tr")=29.9+12+1.0 nb,

I'(p — e*e), keV
8 —

J

SND-05
CMD2-02
OLYA-85

OSPK-72

Fig.28. The value of I'(p — ete™) obtained in this
work (SND-05) and in Refs. [8,17,18]. The shaded
area shows the world average value [42]

which corresponds to

B(w = ete”)Bw = ntn™) =
= (1.247 £ 0.062 £ 0.042) - 107°.

The systematic error is related to the model de-
pendence, to the error of the cross section deter-
mination, and to the accuracy of the collider en-
ergy determination. In the previous studies of the
ete™ — mT7~ reaction, the relative probability of the
w — wtr~ decay was also reported. The comparison
of B(w — 7nt7~) = 0.0175 4 0.0011 obtained by using
the SND data and the PDG value of the w — ete~
decay width [42] with the results of other experiments
is shown in Fig. 29. The SND result is most precise.
The phase ¢,, was found to be

Gpow = 113.5° £ 1.3° £ 1.7°.

This value differs by six standard deviations from 101°
expected under the assumption that the w — 7tm~
transition proceeds through the p — w mixing mecha-

nism. If the ratio 95,072,7/9[(,92,7 is the free parameter of

the fit instead of the phase ¢, it follows that

(0)

0
Junw

Gon

=0.11 £ 0.01.

This ratio corresponds to the too large direct transition
width

I — 7t77) = 1.82 4 0.33 MeV,
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Fig.29. The value of B(w — nt7) obtained in this
work (SND-05) and in Refs. [8,9,17,18]. The shaded
area shows the world average value [42]

67T7T
150°

100°

50°

0 1 1 1 1
500 600 700 800 900
V/s,MeV

Fig.30. The 7 scattering phase in the P-wave. Dots

and circles are the results of the phase measurements in

Refs. [43, 44] by using the reaction 1N — 77N . The

curve is the phase of the amplitude A,z +A,_, 4+, -

obtained from the fit to the SND data presented in this
work

while the natural expectation is

TOw = 7t77) ~ a®T, ~ 8 keV.

We note that the analysis of the OLYA and CMD2
data [17, 18] gives similar values of the ¢,, phase. This
result can point out that a considerable direct transi-
tion w — w7~ exists. On the other hand, this dis-
crepancy can also be attributed to inadequacies of the
applied theoretical model.

The comparison of the phase arg(A,  +.- +
+ A, p+.-) with the 77 scattering phase in the P-
wave [43, 44] is shown in Fig. 30. These phases must

7 ZKOT®, Bem. 6 (12)

Gexp/ Gfit

1.2F

1.0—1 ﬁ{ﬁﬁ%géﬁi%“mﬁggﬂﬁ

0.8
| | | |
400 600 800 1000
s, MeV
Fig.31. The ratio of the ete™ — 777~ cross sec-

tion calculated from the 7= — 7~ 7%v, decay spectral

function measured in Refs. [3,5] (o — CLEOIIl, ¢ —

ALEPH) to the isovector part of the ete™ — 7T n~

cross section measured in this work. The shaded area
shows the joint systematic error

be equal in the purely elastic scattering region. The
agreement is satisfactory, and in any case, no essential
difference is observed in the energy region /s ~ m,.
The comparison of the eTe™ — 777~ cross section
obtained under the CVC hypothesis from the 7 spec-
tral function of the 7= — 7~ 7%, decay [3,5] with the
isovector part of the cross section measured in this work
is shown in Fig. 31. The cross section obtained by SND
was undressed from the vacuum polarization and the
contribution from the w — 777~ decay was excluded.
The cross section calculated from the 7 spectral func-
tion was multiplied by the coefficient that takes the
difference of the 7% and 7° masses into account:

5= < 4 () >3|A,r+7r_(s)2

Qr+ (3) ‘Aﬂ.oﬂ.i (S)‘Z 7

n(s) =
_ 1 2 2y11/2
NG [(s = (mpotmg+)?)(s—(mgo—mg+)*)] 7.
The average deviation of the SND and 7 data is about
1.5%. For almost all energy points, this deviation
is within the joint systematic error (about 1.6%).
The 10% difference between the ete™ and 7 data at
V/$ > 800 MeV, which was claimed in Ref. [45], is ab-
sent.

Using the 029 (s) cross section (Table 1), the con-
tribution to the anomalous magnetic moment of the
muon, due to the 7777 () intermediate state in the
vacuum polarization, was calculated via the dispersion
integral,
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a,(mm,390MeV < /s < 970 MeV) =

_ (o ? S7“”R(5)K(5)d8
3 ER ’

where 8,0, = 970 MeV, spnin = 390 MeV, K(s) is the
known kernel, and

Gpol
R — T
(®) olete” = putp=)’
4dra?
+ - +,-\
— = )
ofeTe” = putuT) = —

The integral was evaluated by using the trapezoidal
rule. To take the numerical integration errors into ac-
count, the correction method suggested in Ref. [46] was
applied. As a result, we obtained

a,(mm,390 MeV < /s < 970 MeV) =
= (488.7+2.6 £ 6.6) - 10 7.

This is about 70 % of the total hadronic contribution to
the anomalous magnetic moment of the muon (g—2)/2.

If the integration is performed for the energy region
corresponding to the CMD2 measurements [18], then
the result is

au(rm) = (385.6 £5.2) - 10717,

which is 1.8 % (one standard deviation) higher than the
CMD2 result:

au(rm) = (378.6 £ 3.5) - 10710,

Hence, no considerable difference between the SND and
CMD?2 results is observed.

6. CONCLUSION

The cross section of the process ete™ — 77~ was
measured in the SND experiment at the VEPP-2M col-
lider in the energy region 390 < /s < 980 MeV with
the accuracy 1.3% at /s > 420 MeV and 3.4% at
V8 < 420 MeV. The measured cross section was ana-
lyzed in the framework of the generalized vector meson
dominance model. The following p-meson parameters
were obtained:

m, ="774.9£0.4£0.5 MeV,

I, =146.5+ 0.8 £ 1.5 MeV,
o(p—ntr")=1220+£ 7+ 16 nb.

The parameters of the G-parity suppressed process
ete”™ — w — w7~ were measured with high preci-
sion. The measured value

olw—=ntr7)=299+144+1.0nb
corresponds to the relative probability
Blw—=7tn ) =1.75+£0.11%.

The relative interference phase between the p and w
mesons was found to be

Gpw = 113.5° £ 1.3° £1.7°.

This result is in conflict with the naive expectation
¢pw = 101° from the p — w mixing. The SND result
agrees with the cross section calculated from the 7 spec-
tral function data within the accuracy of the measure-
ments. Using the measured cross section, the contribu-
tion to the anomalous magnetic moment of the muon
due to the 777~ (y) intermediate state in the vacuum
polarization was calculated:

a, (77,390 MeV < /s < 970 MeV) =
= (488.7+2.6 +£6.6) - 10717,
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