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0 Introduction

The electron-positron collider VEPP-2000'"
has been operating at Budker Institute of Nuclear
The collider is

designed to provide luminosity up to 10% cm 2 e

Physics since December 2010.

s ' at the maximum center-of-mass energy s = 2

GeV. Two detectors, CMD-3"* and SNDJ, are
installed in the two interaction regions. The CMD-
3 detector has high detection efficiency, good
energy and angular resolutions for charged
particles as well as for photons. The integrated
luminosity collected by each detector is about
60 pb .

The precision data on the hadronic cross
sections are required, in particular, to evaluate the

anomalous magnetic moment (AMM) of muon, a,

=(g—2),/2. The VEPP-2000 energy range gives
the major hadronic contribution to AMM, both to
the hadronic vacuum polarization itself (~92%)
and to its uncertainty"".

The precision of luminosity measurement is a
key ingredient in many experiments which study
the hadronic cross sections at e” ¢ colliders. It is
very important to have several well-known QED
processes such as e e”—>e e, u 4 yy in order
to perform cross checks and control the systematic
uncertainty in luminosity determination. The
CLEO collaboration was the first one to show in
practice how a combined analysis of the processes
e"e e e .y and yy helped to achieve a 1%
accuracy for the luminosity™. The preliminary
results on the luminosity determination and

analysis of various hadronic cross sections for many
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processes are presented.

1 CMD-3 detector

Cryogenic Magnetic Detector is a general-
purpose detector shown in Fig. 1. Coordinates,
angles and momenta of charged particles are
measured by the cylindrical drift chamber (DC)
which has a hexagonal cell. The coordinate
resolution in the r-¢ plane is ~ 120u. The
coordinate along the beam axis is measured by
charge division technique with resolution ~2 mm.
The momentum resolution goes like 5,/pa1% ~

5%. The double

proportional Z-chamber is mounted directly behind

cylindrical multiwire layer
DC and provides z-coordinate determination of the
track by measuring the analogous information from
cathode strips with an accuracy of ~0.5 mm. The
signals coming from anode sectors are used for the

first level trigger and have time jitter ~5 ns.

0 0.5 m }m

1 - beam pipe, 2 - drift chamber, 3 - BGO, calorimeter,
4 = Z-chamber, 5 - SC solenoid, 6 — L.Xe calorimeter,
7 — TOF system, 8 — Csl electromagnetic calorimeter,

9 - yoke, not shown the outer muon range system.

Fig.1 CMD-3 detector

The calorimeter of the detector consists of

three parts. The endcap BGO calorimeter consists

of 640 crystals with a thickness 13. 4 X, (radiation
lengths). The barrel part is placed out-side of the
0. 08 X, thin superconducting solenoid with 1.3 T
magnetic field. The barrel calorimeter consists of
two subsystems. The first one is based on Liquid
Xenon calorimeter (5.4 X,), the second one on the
Csl crystals with a thickness 8.1 X, (1152
crystals) which are arranged in 8 octants. The LXe
calorimeter has a tower structure (264 channels)
and seven cylindrical double layers with strip
readout (1 286 channels). The strip information
allows one to measure coordinates of the photon
conversion point with precision of 1~2 mm. The
energy resolution of the barrel calorimeter was
measured using Bhabha events and was found to
be: or/Ex~4%~8%.

The muon range system is mounted outside of
the magnetic yoke and consists of 36 scintillation
counters in the barrel part and 8 counters at the
endcap. This system serves as the cosmic veto and

has time resolution ~1 ns.

2 Energy scan and luminosity

measurement

The energy range from 1 to 2 GeV was
scanned twice up and down with the step of 50
MeV in 2011 and in 2012. At each energy point the
integrated luminosity ~ 500 nb™' was collected.
The energy points during scan down (only in 2011)
were shifted by 25 MeV with respect to the scan
up. The

measuring the momenta of Bhabha events with

beam energy was determined by
accuracy of 1 ~ 3 MeV as well as using the
Compton backscattering technique for several
energy points near 2 GeV with accuracy ~ 50
ke VLo,
“CHARGED” and “NEUTRAL” were used while

data taking. A special topological combination of

Two types of the first level triggers

signals from DC cells and Z-chamber, which
roughly reproduce “ track”, start a special
processor “ TRACKFINDER ” ( TF ).

“CLUSTERFINDER” (CF) was started by signals

coming from calorimeters. A positive decision of
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any trigger generates a command for the data
acquisition system. The average trigger counting
rate was about 200~400 Hz while data taking.
The collected integrated luminosity is ~ 60
pb~' with about 34.5 pb~' above the ¢ energy
range, 8.3 and 8.4 pb ' at the w and ¢ resonances,
respectively, and 9.4 pb™! at low energies. The
2

e s ' was

peak luminosity ~ 2 X 10" cm™
reached and is currently limited by a positron
injection rate. An upgrade of the injection facility
will the gain of luminosity by a factor of ten is
expected.

The sample of collinear Bhabha events e’ e
were selected for luminosity determination as well

of process e e —yy as an

as the events
independent tool for cross check. The relative
difference of the luminosities determined with two
processes versus energy is presented in Fig. 2,
where only statistical errors are shown (scan
2012). The horizontal line is a fit for this ratio
and in average is about (0.240.3)%. The main
sources which contribute to systematic error are:
interaction with material of the vacuum chamber
wall about 0.2% ~0.4%; the contribution due to
the different angular resolution for Bhabha events
and yy is estimated as ~0. 8% ; a correction which
takes into account inclination of the beam axis with
respect to the detector ~0. 4%, z-scale calibration
accuracy of the DC wires contributes about 0. 3%.
Presently we estimate the systematic accuracy as

~1% for energies higher than 1 GeV.

2
o\\o 1; +
S OE J. % J. J. | I . III llr

L OF : : : o s
T
"’,1:_ i
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600 630 700 750 800 830 900 950 1000

Ebeam / MeV

Fig. 2 The ratio of the relative difference of the luminosities

vs beam energy (scan 2012)

3 Pion form factor measurement

One of the CMD-3

experiment is to reduce a systematic uncertainty of

main goals of the

the cross section of two-pion production to the
than 0.5%. 1In this case the

uncertainty of the hadronic contribution to the

level smaller

AMM value, coming from this channel, will be
0.3~0.4 ppm. The " & events are separated
either using the particle momenta or the energy
deposition in the calorimeter. Two independent
ways of event separation provide cross-check and
allow to keep the systematic error under control.

Several features of the detector allow to reach
the necessary level of systematic error. The
fiducial volume is determined independently with
the 1.Xe calorimeter and the Z-chamber. The beam
energy is measured with precision of gy <50 keV
using Compton backscattering of the laser light.
The radiative corrections are calculated according
to Ref. [8] with the accuracy better than 0. 2%.

The first energy scan below 1 GeV was
performed in 2013", The collected statistics is a
few times higher than that in the previous CMD-2
measurements and it is at the level of ISR statistics
collected by the BaBar and KLLOE.

Preliminary results for the cross sections
o(ee —>x"n ) measurements are shown in
Fig. 3. The cross section of the process e e —

50

| L LY RALRN LA LLLL) EARR) LU LLLL R

sesenvne® N
04 05 06 07 08 09 10
Js /1 GeV

ESP ok SOOI NSO SO .. -
et é ; e

Lo [T

Squares-particle separation with momenta, points-particle
separation with energy deposition in calorimeter
Fig. 3 Preliminary results of the pion

form factor measurement
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¢y was measured too. The results of the
measurement are plotted in Fig. 4 with respect to
the QED prediction and provide an important
overall systematic test of the measurement. The
horizontal line is a fit for the double ratio
(632 /o) /(62 /6F")  which was found to be

(99.5+0.5)%.

1.10 ¥ndf 16.78/16

Prob 0.4003
1.08 p0 ¢ 0.9961+0.004429
1.06

a
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"3 1.00
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Fig. 4 Result of the measurement of muon pair production

in comparison with the QED prediction

4 Study of the processese” ¢ — KsK |
ande” ¢ > K" K~
The most precise previous study of the process

has been performed by the CMD-2"%) and BaBar

detectors. In this paper we present new
measurement of the em ¢ KUK and e ¢ K~
K" cross sections. It is known the CMD-2 and
BaBar results in the ¢-peak region disagree at the
level 5%, so new measurements are required. The
ete > KK and et e K" K~
were measured in the c. m. energy range 1. 004~

1. 060 GeV at 25 energy points. The detection of

cross sections

the neutral mode is based on the search for two
tracks with a common vertex in DC from the K%—
7~ decay. Each track has momentum, that
corresponds to the kinematically allowed region
and has ionization losses of relativistic pions. The
number of events is determined by the fit of the
two-pion invariant mass distribution  with
negligible background.

The detection of the charged mode is based on

the search of two central collinear tracks of kaons

with momentum known from DC. Each track has
ionization losses significantly larger than m. i. p.
due to relatively small velocity of kaons under
study. After these requirements the level of
remaining background is less than 0.5%. The
detection efficiency of each kaon was determined
with data as well as with MC simulation and
delivers a deviation less than 1.5%.

The obtained cross sections for neutral and
charged mode together with the fit are presented in
Fig.5 and Fig. 6,

systematic accuracy for these cross sections is

respectively. Currently the

estimated as 2% and 3%, respectively.

1400
—=— CMD-3
1200 —— CMD-3 Fit
—— onrx10, nb
1000 —=— CMD-2

TTET T T TT T[T I T[T T TTT[TTT[TTT]

1010 1020 1030 1040 1050 1060
Ecm. / MeV

CMD-2, CMD-3 and BaBar data are presented.
The black smooth curve (vertical scale increased
by ten times) represents interference of the ¢
amplitude with w,p and their excitations.
Fig. 5 The cross section of the process ¢” ¢ — K; K

around the ¢-meson energy region

L —=— CMD-3
2000 —— CMD-3 Fit
r — GNRXIO, nb
F —e— BaBar
© 1500
= C
g L
71000 -
5 F
500
08 H
m..ﬂ....l...m...m....|
1010 1020 1030 1040 1050 1060
Ec.m./MeV

CMD-2, CMD-3 and BaBar data are presented.
Black smooth curve (vertical scale increased by ten times) represents
interference of the ¢ amplitude with w,p and their excitations.
Fig. 6 The cross section of the processe¢” ¢ —> K" K

around the ¢-meson energy region
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The measured cross section is approximated
according to Vector Meson Dominance model as a
sum of the ¢, w, p - like amplitudes and their
excitations. The neutral and charged channels
were approximated simultaneously, as a result the
following values of the ¢ meson parameters have

been obtained: m,= (1 019. 464=+0.060) MeV/c*,

Bkt
Iy = (4.240 £0.017) MeV, ———— =1.573 £
Bk

0.06 and their accuracy is comparable or better
than obtained in previous experiments. We plan to
study these processes up to E.,, =2 000 MeV,

available with the VEPP-2000 collider.
5 Study of the processe ¢ > K" K 7’

To select events under study the following
requirements were applied: two central tracks in
DC with two or more photons in the calorimeter.
For each pair of photons the kinematics
reconstruction was done under assumption that
these photons are the product of the z° decay. If
kinematics of these four particles satisfy energy-
momentum conservation and ionization losses in
DC correspond to kaons, the combination with the
smallest y” is chosen.

The main physical background comes from the

processes e e —m '

7 7 and e e —>x 1 o'
which are significantly suppressed by using dE/dx
information. The events of the processes e e —
K"K 2z and e"¢” >K" K™ 7 are rejected by the
kinematics cuts.
determined with MC

radiative corrections. Preliminary results of the

The detection efficiency was
simulation, including
cross section measurement are shown in Fig.7

along with BaBar data"'.
6 Study of the processe’ ¢ > K' K 7

The e"e” K" K™ 5 process has been studied
earlier by the BaBar in the c. m. energy range from
1.56 to 3.48 GeV in the y—>2y decay channel""/,
and in the energy range from 1.56 to 2.64 GeV
when y decay to x" 7~ z°""". It was found that the

main intermediate mechanism is e’ e —$(1680)—

0.8

0.6

o/ nb

0.4

0.2 L S M- A

L O I L L L L L L I

A U T P P PO P
1.6 1.7 1.8 1.9 2.0

Ec.m.s. / GeV

Black squares | this analysis, red dots — BaBar data.
Only statistical errors are shown.

Fig. 7 Preliminary results for¢" ¢ — K" K 7° cross section

$(1020) 5, but the statistics was not enough to

study the dynamics of the non-¢(1020)y
contribution.

The analysis of the e" ¢ =K' K process is
based on an integrated luminosity of 22 pb!
collected in 2011 ~2012 at 30 c. m. energy points
in the range from 1.59 up to 2.0 GeV. The g
meson was treated as a recoil particle, and all the
modes of 7 decay were used. To select events
under study some cuts were applied: kaons are the
product of the $(1020) decay, two collinear tracks
should be in DC with ionization losses dE/dx
which correspond to kaons. The latter condition
allows  significantly  rejects  the  physical
background.

The distributions in AE (defined below) of
simulated signal and background events are fitted
at every point of energy:

AE =
Eg +Ex +/(—pg —px )’ "‘mi — 2Fyeam.

For the signal events the fitting function is a sum

of three Gaussian functions with the different mean
values and widths. The simulated background
events are fitted by a second-degree polynomial.
The functions found are used to fit the distribution
of experimental events in AE to determine the
number of signal events and was found to be
Nl on = 1 454 =48, The preliminary results of
the cross section of ¢”e” —>¢(1020)  process are

shown in Fig. 8 along with BaBar data.
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CMD-3 results, based on the data collected in 2011 (circular
markers) and in 2012 (squared markers) ; BaBar results,
measured in 7~>2y mode (triangle markers).

Fig. 8 The cross section of ¢ ¢”— ¢( 1020) » process

7 Study of the processes ¢' ¢ — 7y

This process with 3y in the final state is under
study in the whole VEPP-2000 energy range from
400 MeV up to 2 GeV. To select signal events, the
following criteria are applied: three or more
photons in the calorimeter and no tracks in DC.

These should

momentum conservation and the

three particles satisfy energy-
kinematic
reconstruction was performed for them. The
combination with the smallest %* is used to choose
the best group with more than three photons. The
number of signal events is determined from a fit of
the two-photon invariant mass spectrum. The
QED process of e e

is the main background and is rejected significantly

annihilation to three photons

by kinematics cuts.

The total cross section is calculated according
to the formula
o(et ¢ > Py) = N/[ Lenrean (1 4+ 0.) B(P — 2y ],
where P stands for z” or », N is the number of
signal events, L is the integrated luminosity, 0. is
the radiation correction, eg 1s the detection
efficiency from Monte Carlo simulation, B(P—>2y)
is the branching ratio, and exr is a neutral trigger

efficiency studied with an e"

e —>e e Y process.
The preliminary results of the cross section
measurement in the energy range around the ¢
meson are presented in Fig. 9 with the CMD-2

datal'®],

60 L e'e— ny + -=- This study
- Bl
50 ' — CMD-22004
g *
= 40F ; \!
gt ‘1‘(\6(
2 30F . (G\ f
§ E e\\ i i
201 Q( h {
f §
10F
F ]
B [
T 1 [ 1 1 1 1 I 11 1 | I 11 1 1 | 11 1 1 | 1 I‘I 1 I
1005 1010 1015 1020 1025 1030

Vs / MeV
Black squares — this analysis, only statistical errors are shown;

red dots — CMD-2

Fig.9 ¢ ¢ — yy cross section

8 Study of the processe’ ¢ > 7 7

The analysis of the process with three pions
x 7 7 in the final state was performed using 23
pb~! of data collected in the energy range 1.05~
1.8 GeV. Events with two reconstructed tracks
and at least two detected photons in the barrel
calorimeter were selected and then underwent a
kinematic  reconstruction based on energy-
momentum conservation. The combination of two
photons which provides the best »* value is
selected for a further analysis. Additional cuts on
tracks including their recoil mass, momentum,
energy losses dE/dx in DC and collinearity are
used to suppress the physical background mainly
“x 77", The

number of 37 events is obtained by a fit to the two-

coming from the process ¢ ¢ —x

photon invariant mass distribution using a sum of
the signal and background functions. The total
number of selected 37 events was found to be
6 269. The same procedure has been applied to the
of Monte-Carlo
simulated with a primary generator using the

GEANT4 package and then reconstructed with the

sample events which were

same software as with the experimental data. The
preliminary results for the Born cross section are

shown in Fig. 10 in comparison with the BaBar and



266 T EAFHARAREFR

% A6 %

SND.

LR LR LARRN AR RARRN AR R

ole’'e =371 /nb
—_— N W s W N

1000 1100 1200 1300 1400 1500 1600 1700 1800
Ecm / MeV

Black points- CMD3, squares - BaBar data. triangles - SND (2015)

Fig. 10 Born cross section of ¢™ ¢~ — 7~ 7 z° ['718]

9 Study of the process ¢ ¢ —

K"K o n
The cross section measurement of the process
e e >K"K x" x is based on the integrated
luminosity of 22 pb™! in the c. m. energy range
from 1.5 to 2. 0 GeV and this process was studied

before by the BaBar via ISRM,

direct measurements are very important, since

Nevertheless, the

some contributions to a, are based on isospin
relations of various K K nr final states. Any
uncertainty of this approach will be crucial for «,
accuracy.

The signal events should have three or four
tracks in DC coming from the interaction region
and obey the energy-momentum conservation.
Two tracks corresponding to kaons should have the
large ionization losses dE/dx in DC and this
information was input to a likelihood function
Fig. 11

shows a scatter plot of the difference between the

constructed for further K/x separation.

measured total energy and c. m. energy AE, =FE,
—FE,_ .. vs the total momentum for all events with

T events is

four tracks. The cluster of 77 7 =
located near the origin of coordinates. The cluster
of signal events with a zero total momentum is
shifted down along the vertical axis.

A similar procedure was used to select signal
events with three tracks in DC. For these events
energy deficit should correlate with the total
(missing ) momentum. For such events, the

energy of a missing particle is calculated and added

—200 |-

—400 i

AE4,/ MeV

—-600

-800

A T SIS BTN PRI

£ ;~r|'r' S|
100 200 300 400 500 600
Pt/ (MeV-c™)

The upper cluster of dots represents =" 7~ 7 7~

while the lower one - K" K~z 7~ events.
Fig. 11 Scatter plot of the difference between the total
energy and c. m. energy (AE;) versus the total

momentum for four-track events

to the energy of three detected particles. The
difference between the obtained energy AFE;;, and
c. m. energy is shown in Fig. 12. The signal events
are clearly seen. To obtain the number of
K"K n'x events the histogram was fitted with
a sum of two Gaussian distributions for a signal
peak and a quadratic polynomial for background.
As a result, 13300 four-track events and 16000
three-track events were selected. To obtain a
detection efficiency, the K" K n" 7 events were
simulated with a primary generator using the
GEANT4 package and then reconstructed with the

same software as with the experimental data.

40
35

entries / MeV

— (3] (3] (%]

W (=) W o
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Upper smooth line - histogram fit, dotted line - background fit,
lower smooth curve - fit simulated signal events.
Fig. 12 The histogram of the difference between the
calculated total energy with energy of fourth

particle AE;+, and c. m. energy



F 44

Overview of the CMD-3 results at the VEPP-2000 ¢" ¢~ collider 267

Production mechanisms with the K™K~ p, K1
(1270; 1400) K> K" 7K, ¢x' © and K" K~
intermediate states are required to correctly
describe angular and invariant mass distributions of
the experimental data and to determine the
detection efficiency which was found to be about
50%6~60%.

The cross section as a function of energy,
shown in Fig. 13, are in good agreement with the
previous BaBar measurement™"”! presented by open
circles. Systematic error is under study and
currently is estimated as 6%. The main systematic
uncertainty is due to the theoretical model,
describing intermediate states and affecting the

detection efficiency.
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Dots-CMD-3, open circles-BaBar results
Fig. 13 Measurement of thee' ¢ -~ K" K 7" 7

cross section

10 Production of six pions

Production of six pions in ¢ ¢ annihilation

was studied at DM22%2) and BaBar'®/. The DM2
experiment observed a “dip” in the cross section of
the process 3(x" 7~ ) near 1.9 GeV, confirmed
later by the BaBar. The origin of the “dip” remains
unclear, but the most popular explanation is
related to opening pp and nn channels as discussed
in many theoretical papers'®*/,

The analysis is based on 22 pb™! of integrated
luminosity collected in the ¢. m. energy range from
1.5 to 2 GeV. Candidates for the process under
study are required to have five or six tracks in DC.

For six- or five-track candidates the total energy

and total momentum are calculated, assuming all

tracks to be pions:

5,6
— 2 2 —
E. = 2 Vv Di +7nn9 P *‘
=1

Fig. 14 shows a scatter plot of the difference

5

=

i=

pil.
1

between the total energy and c. m. energy AE; =
Etot T Ec. m.

candidates. A clear signal of six-pion events is seen

versus momentum for six-track
as a cluster of dots near zero and “tail” which

corresponds to events when initial electrons
(positrons) radiate photons. The events with total
momentum less than 150 MeV/c and with the
difference AE;, — 200 < AE; << 100 MeV, are
required to determine the number of six-pion
events. To estimate the background MC simulation
of the major processes 2(x 7 z”) and 2(x 7 )=’
was performed and was found to be smaller
than 1%.

To determine the number of events with one
missing particle, a sample with five selected tracks
These

correlated with the total (missing) momentum.

is used. events have energy deficit
The energy of a missing particle is calculated and
added to the energy of five detected pions. The
difference of the obtained energy and c. m. energy
AEsy, is shown in the left part of the same graph
by points together with the simulated background

processes ete >

coming mainly from the
2(x' 7w 7") and e’ e >2(x" 7 )z’ and shown by a
solid line.

The polynomial fit parameters vary for the
and MC

distributions as well as different cuts that lead to a

experimental simulated background
~3Y% uncertainty in the number of signal events.
A more detailed analysis can be found in Ref. [ 25].
We have studied intermediate states in the final
state with six charged pions and came to the
following conclusion: the dynamics production

changes versus energy and this phenomenon
demands a further investigation. High statistics,
which will be obtained at VEPP-2000, will allow
to study dynamics with much better accuracy and

reduce the models systematics. Calculation results
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Fig. 15 Measurement of the ¢" ¢ — 3(x" 7 ) cross section

To measure the cross section of the process
ee>2(x" " n°), a sample of events with four
charged and two neutral pions was selected. To
select neutral pions, the spectrum of invariant
mass of all two-photon combinations was studied
inside the energy gap from 60 MeV/c* to 200
MeV/c¢? and a combination with the nearest to the
pion mass is chosen,

The number of signal events at each energy

between the total energy of event e ¢” —>2(x 7 ")
and c. m. energy: AE=EQ2(z" 7 2"))—E... A
sum of three Gaussian functions for signal events
and quadratic polynomial for back-ground were
used to describe this distribution. The cross
section is calculated according to the number of
determined events and takes into account radiative
corrections and detection efficiency. The results

for the cross section are presented in Fig. 16. The
8
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Fig. 16 Measurement of thee” ¢ — 2(x" 7 =) cross section
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analysis of the data is going on now.

11 Cross section measurement of the

e'e—>n 1 ande ¢ > wr T

processes

1.1 ¢ e —> m'+ T o>y

The candidates for events under study with
two tracks in DC and two or more photons were
selected. A combination of two photons with the
best XZ is chosen and events of yyr 7~ undergo a
kinematic fit. To calculate the number of the yr"
7 events the invariant mass distribution is fitted
and shown in Fig. 17, at the energy point
1 500 MeV.

140
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TTTT T[T T T[T [ TTo T

-
T

Fig. 17 The fit of two-photon invariant mass
at the energy point of 1 500 MeV shown
with a linear fit for the background

The preliminary results for the cross section
of the e” 67%77”+ 7w process are plotted in Fig. 18
with SND results'*'”, The systematic uncertainty
for this process is about 5.2% and mainly due to

the detection efficiency, which depends on the

5

- ¢+ BaBar
s } CMD-3

F == fir, model 1
o F
F3F = fir, model 2
s
3
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sadaa o Lo s b baa o b v b Laaa s la v aa g
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Js / Gev

The results are presented together with BaBar data.

Fig. 18 Thee' ¢ — r" x Born cross section

measured in the 7 — yy channel

theoretical ~model  describing the angular

distribution of the final particles and is calculated
using Monte Carlo simulation. Two different fits
of the e’ e —yr m Born cross section under the
VDM model are presented too with/without
0(1700). At the current statistics it is not possible
to make a conclusion about presence of the
p(1700).
11.2 e*e—>77rc+7r—>7r+7r O T, e —
ot w >n o nt
The form of the n° 7 #” invariant mass

} f f

distribution for the e e —x" 7# n~ x #° process

has been determined with Monte Carlo simulation
and was used to determine the numbers of the
signal events under study. The preliminary results
for the Born cross sections of the e’ eiﬁrjrr‘ T

+

and ¢" ¢ —wr 1 processes are shown in Figs. 19

and 20.
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The results are presented together with BaBar data.
Fig. 19 Thee ¢ — 7;71(+ 7 Born cross sections

measured when 7 decay into three pions 7" 7 7’
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The results are presented together with BaBar data.
Fig.20 Thee ¢ — wr' 7« Born cross sections

measured when « decays into three pions r* 7 7’

The current systematic uncertainty for these

channels is estimated as 15%.



270 T EAFHARAREFR

% A6 %

12 Study of the process w —> n'¢" ¢

This process was studied earlier with the
CMD-2 detector:®",

on an integrated luminosity of 10 pb™! collected in

The current analysis is based

the center-of-mass energy range 760 = 840 MeV.
The w decay to x’¢" ¢ has been studied using the
7’ dominant decay mode: #° — yy. The main
background for this process comes from the decay

P2~ 2% and to z°y followed by the Dalitz

w to
decay of the n” or y conversion in the material in
front of the drift chamber and QED processes. To
select signal events under study, different cuts
were applied. In particular, to suppress events

* 7 7 the following parameters

from decay w—r
were used: an opening angle between tracks should
be A¢<C1 rad, the spectra of the recoil mass of
photon pairs and some features of the kinematic
decay. The separation method for r’¢™ ¢~ and =’y
(with ¥ conversion on the material in front of DC)
is based on the information about momentum of the
track and vertex position which uses a neural
network. The efficiency of suppression is: for 7’y
~84 %, while we lose ~2% of signal events.

= 22% was
determined using MC simulation based on the
GEANT4 package. The number of signal events
has been obtained from a fit of the yy invariant

These

values were used to determine the visible cross

The detection efficiency e0,+,

mass distribution at each energy point.

section shown in Fig. 21.

The total number of selected w — 7’ ¢
events is 1228, The current value of B (w—
e e )=(7.15+0.38) X10™", where the trigger
efficiency, efficiency of reconstruction of close
tracks and the contributions come from w—>n" 7
73 w—> 'y were not taken into account. The

analysis is still in progress.

13 Conclusion

VEPP-2000 successfully operates with a goal
to get ~1 fb™! in 5~ 10 years and provide new

precise results on the hadron production. The

1.4 F=r====rm i R
C E i E | sigma 1.196+0.061
o ! ' ; M 782.552+0.197
L HE AN N Full width 7.743+0.921]
B i : : const 0.094+0.047
1] S e T
L e L S
0.6 -t /ok- e
04F- bl SRR S N S —
0.2 :— ————————— L ———————————————————————————————— oeee
N T D D DUU PO I
775 780 785 790 795 800

Js /1 GeV

Fig. 21 The visible cross section for the process w — 7’¢" ¢

current integrated luminosity was measured using
+ ey
Two types of the first level triggers “CHARGED”
and “ NEUTRAL"”

information that allowed to determine the detection

two well-known QED processes ¢ ¢ —¢

delivered the independent

efficiencies and to estimate their uncertainties.
Data analysis is in progress, the already collected
data sample delivers the same or better statistical
precision for the hadronic cross sections than in

previous experiments.
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