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Experiments at BINP e+e− collider VEPP-2000 with two detectors, CMD-3 and SND are con-
ducted since December 2010. The energy range comprized by this collider is from 0.3 to 2 GeV
and the project luminosity up to 1 · 1032 cm−2s−1. By now the peak luminosity exceeding
1 · 1031 cm−2s−1 was achieved and each detector collected about 60 pb−1 of integrated lumi-
nosity. Preliminary results of the experiments are reviewed in this report.
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1. Introduction

Although a study of e+e− annihilation into hadrons at low energies has a long history, new
precise measurements are still highly desired since these provide important information about in-
teractions of light quarks and spectroscopy of their bound states.

One of the important subjects in this field is a precise determination of the total hadron pro-
duction cross section characterized by the ratio R:

R(s) =
σ(e+e−→ hadrons)
σ(e+e−→ µ+µ−)

, σµ+µ− =
4πα2

3s
=

86.85nb
s [GeV2]

. (1.1)

This ratio is closely connected to the muon anomalous magnetic moment calculation as well as
running electromagnetic and strong interaction constants.

The former issue became especially interesting in the last years, after high precision mea-
surements of the muon anomalous magnetic moment, aµ , performed at Brookhaven National
Laboratory [1]. This experiment achieved a relative accuracy in aµ value of 5 · 10−7: aµ =

(11659208.9±6.3) ·10−10.
The accuracy of the theoretical calculations via the Standard Model is dominated at present

by the precision of the hadronic contribution [2, 3]. At present the calculations of aµ based on
the data from e+e− colliders result in a difference between theoretical and experimental values
of more than 3 standard deviations (see for review [4]). One of the latest works [5] claims even
larger discrepancy (about 4σ ). If such a difference would be really proved, that could be a direct
indication of New Physics.

At present two new projects for muon (g-2) measurements, at FNAL in USA and J-PARC in
Japan, are under development and construction [6, 7]. An improvement of the accuracy to about
2 ·10−10 is expected in these projects. Then, the accuracy of the hadronic contribution becomes a
crucial issue.

The VEPP-2M collider [8] with the luminosity of 3×1030cm−2s−1 was the main supplier of
the precise data on the hadronic cross sections in the energy range up to 1.4 GeV for more than
25 years. The latest cycle of experiments from 1992 to 2000, performed at this collider by two
detectors, the CMD-2 [9] and the SND [10], provided the most accurate data on e+e− annihilation
into hadrons in the energy range 0.36 <

√
s < 1.4 GeV.

Since December 2010 experiments at the new VEPP-2000 collider are going on. This talk
discusses the current status and results of these experiments.

2. The VEPP-2000 collider and detectors

This collider has an energy range from 0.3 to 2 GeV at the center-of-mass which is wider than
that of VEPP-2M while the project luminosity is up to 1032 cm−2s−1 [11]. The schematic view of
the collider as well as its main parameters are presented in Fig. 1 in comparison to the VEPP-2M.
To achieve high luminosity a special magnetic structure of the ring is used to realize the concept
of Round Beams (RB) developed at the BINP. Two focussing solenoids with 12 T magnetic field
are installed at each interaction region. The collider operates with one electron and one positron
bunches containing up to 1011 particles.
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Figure 1: New collider VEPP-2000 (
√

smax = 2 GeV) in comparison to VEPP-2M (
√

smax = 1.4 GeV).
Parameters of the VEPP-2M collider at the beam energy of 510 MeV and VEPP-2000 collider at 510 and
900 MeV are listed in the 2nd, 3d and 4th columns of the table respectively.

To measure the beam energy special system based on the Compton back scattering of the laser
photons is used [12]. The accuracy of these measurements is 30-50 keV.

Maximum luminosity, 2 ·1031cm−2s−1, was achieved at the energy
√

s = 1.6−1.7 GeV. The
luminosity was limited by a deficit of positrons and maximum energy of the booster (825 MeV
now) at higher energy. However, the new injection complex based on the 500 MeV linac and
cooler ring will start operation in 2014 and has to solve this problem. The booster is upgraded as
well to increase the maximum beam energy.

The collider has two interaction regions occupied by two detectors – the CMD-3 and upgraded
SND [13].

The CMD-3, general purpose detector constructed on the base of CMD-2, retained the basic
structure and some of subdetectors of the latter one. In comparison to previous detector the CMD-3
has following advantages:

• a new drift chamber with twice better resolution that provides much better tracking;

• The LXe barrel calorimeter (5.4X0 of thickness) placed in front of CsI calorimeter (8.1X0)
which gives:

– better energy resolution for photons due to thicker detecting material (LXe + CsI);

– much better spatial resolution for photons;

– measurement of the shower profile which improves the e/π separation

The main part of the Spherical Neutral Detector (SND) is a finely segmented three layer
calorimeter with 560 NaI(Tl) scintillation crystals comprising 90% of the total solid angle. The
upgraded SND detector acquired a particle identification system with threshold aerogel counters
and a new drift chamber providing much better tracking. The particle identification system pro-
vides e/π separation for the particle energy below 450 MeV and π/K identification over the whole
available energy range.
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3. Experiments and current results

During experiments in 2011-2013 several energy scans were done in the energy range 0.32 GeV<√
s <2 GeV. Each detector collected about 60 pb−1 of integrated luminosity including 34.5 pb−1

above the φ -meson mass, 8.3 and 8.4 pb−1 at ω and φ resonanses, respectively, and 9.4 pb−1 in a
scan below φ -meson.

First results were obtained for many hadronic final states: e+e−→ pp, nn, π+π−π0, π+π−π+π−,
π+π−π0π0, π+π−π+π−π0, 3(π+π−), 2(π+π−π0), π+π−4π0, ηπ+π−, KSKL, ωπ0 → π0π0γ

[14, 15, 16]. QED processes e+e−→ e+e− and γγ were used to determine the integrated luminos-
ity. Let us consider several of these processes.

3.1 Pion formfactor measurement

Since the largest part of the total hadronic contribution to the muon (g-2) comes from the
e+e− → π+π− channel, precise measurement of its cross section is extremely important. Due
to good angular and momentum resolution at the CMD-3 a sample of events with two collinear
charged particles, e+e−, µ+µ−, π+π−, practically does not contain a background contamination
from the other physical processes. A separation of the three two-body processes are based on the
particles momenta and the energy deposition in the calorimeter. The former method is effective
at the CMS energy below 650 MeV while the latter method can be used above approximately
500 MeV. The range of overlapping provides a cross-check of the separation procedures. Very
preliminary results of the pion form factor measurements are shown in the Fig. 2 (left plot). An
important test of this analysis is a comparison of the number of e+e− → µ+µ− events with that
calculated from QED. Fig. 2 (right plot) demonstrates a consistency of these values within 0.5%.
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Figure 2: Preliminary results on |Fπ |2 from CMD-3 (left plot). Filled circles - separation done from the
calorimeter information, open crosses – from particle momentum. Comparison of the observed number of
muon pairs with QED prediction (right plot).

3.2 Multi-photon channels

The SND detector is very well suited to multi-photon events detection.
A cross section of the process e+e−→ ωπ0→ π0π0γ , measured by the SND [17] on the base

of 30 pb−1 of the integrated luminosity, is presented in the Fig. 3. The systematic error of these
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Figure 3: The e+e−→ωπ0→ π0π0γ cross section
measurement. The curve corresponds to a fit with
ρ(770), ρ ′(1450) and ρ ′′(1700).
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Figure 4: The e+e−→ ηγ→ 7γ cross section mea-
surement. Solid curve is obtained by the fit with
ρ , ω , φ , ρ ′(1450) and φ ′(1680) resonances. Other
curves present partial contributions.

measurements is 3.4%. At present it is the most accurate measurement of this cross section between
1.4 and 2.0 GeV. SND results agree with the previous data from the SND [18] and CMD-2 [19]
experiments below 1.4 GeV but significantly differ from the DM2 results [20] in the energy range
1.3–2.0 GeV. The measured cross section is well described by the VMD model with three states:
ρ(770), ρ ′(1450) and ρ ′′(1700).

Using 32 pb−1 of the integrated luminosity the SND collaboration observed 60 events of the
process e+e−→ ηγ→ 7γ at the energy above 1 GeV [21]. Results shown in Fig. 4 present the first
measurement of this process above 1.4 GeV. Detail discussion of this experiment is given in the
talk of D.Shtol at this conference.

3.3 e+e−→ 3(π+π−) and e+e−→ K+K−π+π−

Another interesting process, e+e−→ 3(π+π−) was measured by CMD-3 collaboration [22].
Long time ago the DM2 collaboration found an evidence of the sharp dip in the energy range near
pp production threshold [23]. Recently this was confirmed by the BaBar [24]. Results on this
channel recently obtained by the CMD-3 are shown in Fig. 5. The results are in a good agreement
with the [24]. It worth noting that the energy resolution in the conventional e+e− experiment is
much better than that in the ISR approach. Thus, the sharp deep can be studied in more detail at
VEPP-2000.

Processes with kaons in the final state provide a considerable contribution to the total hadronic
cross section. Fig. 6 shows the preliminary CMD-3 results on the e+e− → K+K−π+π− cross
section in comparison with other experiments. CMD-3 results are in a good agreement with the
BaBar data while DM2 measurements are systematically lower. This study is presented in detail
by D.Shemyakin at this conference.

3.4 Nucleons production near threshold

An interest to the proton pair production near threshold is induced by the specific behaviour of
the pp̄ cross section in this energy range which was revealed by the previous experiments (see [25]
and references therein). Another important value is the |GE/GM|. Results of two groups measured
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Figure 5: Preliminary results of the measurement
of the e+e− → 3(π+π−) cross section obtained by
the CMD-3 experiment (black points) in compari-
son with the BaBar data (green points).
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Figure 6: Preliminary result on the e+e− →
K+K−π+π− cross section with CMD-3.
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Figure 7: The e+e−→ pp̄ cross section from CMD-3
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Figure 8: The e+e−→ nn̄ cross section from SND

this value demonstrate strong contradiction [25, 26]. Preliminary results on the process e+e−→ pp̄
in the energy range from the threshold to 2 GeV obtained by the SND and CMD-3 are shown in the
Fig. 7 in comparison with the BaBar results. As seen from the figure the results from both detectors
are in good agreement with previous experiments. The |GE/GM| can be evaluated from the angular
distribution of the pp̄ events which will be performed when higher statistics of data (about 1 f b−1)
will be available. The SND detector obtained first results on the e+e−→ nn as well presented in
the Fig. 8.

4. Conclusion

Thus, new accelerator principles put on the base of the VEPP-2000 collider were successfully
proved. Three years of experiments with the new collider generated considerable amount of data
which are analyzed now. At present we have 1.5 year shutdown started last July. This time is
intended for booster upgrade to 1 GeV energy as well as commission the new injection complex
which will produce enough positrons to reach the project luminosity, 1 ·1032 cm−2s−1.
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Hopefully, in the next 5-10 years the VEPP-2000 will produce the integrated luminosity of
about 1 fb−1 which should provide new precise interesting results on the hadron production in
e+e− annihilation.

We are grateful to the VEPP-2000 team for the excellent machine operation. This work is sup-
ported in part by the RFBR grants 11-02-00112-a, 11-02-00328-a, 12-02-00065-a, 12-02-01032-a,
12-02-01250-a. 12-02-31498-mol-a, 12-02-31499-mol-a, 12-02-31501-mol-a, 13-02-00215-a.
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