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Overview of the CMD-3 recent results
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Abstract. The CMD-3 detector started data taking at the electron-positron collider VEPP-
2000 in December 2010 with a goal to collect about 1 fb™'. The collected data sample
corresponds to an integrated luminosity of 200 pb~! in the center-of-mass energy range from
0.32 up to 2 GeV. This paper reports recent results on the hadronic cross sections measurements
with the CMD-3 detector.

1. Introduction

The electron-positron collider VEPP-2000 [1] is designed to provide a luminosity of up to
1032cm 257! at a maximum center-of-mass (c.m.) energy of /s = 2 GeV. Two detectors, CMD-3
[2] and SND [3], are installed in the two interaction regions of the collider. Both detectors have
good energy and angular resolutions for charged particles and photons.

The main goal of CMD-3 is a study of exclusive modes of ete™ — hadrons in the c.m.
energy range below 2 GeV. The CMD-3 results provide an important input for the calculation
of the hadronic contribution to the muon anomalous magnetic moment and will help reducing
the uncertainty of its SM prediction. The physics program also includes studies of intermediate
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dynamics of hadron processes, studies of known and searches for new vector mesons, studies of
pp and nn production cross sections near threshold and searches for exotic hadrons.

2. CMD-3 detector and dataset

The Cryogenic Magnetic Detector [2], CMD-3, is a general-purpose detector. The cylindrical
drift chamber (DC) measures the coordinates, angles and momenta of charged particles. The
resolution along the beam axis is ~2 mm as measured by charge division along the wires. The
proportional wire Z-chamber mounted outside the DC provides z-coordinate measurement of
the tracks. The resulting z-coordinate resolution is ~500 pm. The calorimeter consists of three
subsystems: the endcap BGO calorimeter with a depth of 13.4Xj is placed on both sides of the
DC flanges; the barrel part, which is placed outside the superconducting solenoid with a 1.3 T
magnetic field (0.13X(). The barrel consists of two systems: an inner Liquid Xenon calorimeter
(5.4Xy) and a calorimeter based on CsI crystals with a depth of 8.1Xy. The analog strip
information from the LXe calorimeter allows to measure coordinates of the photon conversion
point with a precision of about 1-2 mm. The detector is surrounded by the muon range system.

The collected integrated luminosity is 200 pb~! per detector, with about 65 pb~! from a scan
below the ¢(1020) meson region and 135 pb~! above the ¢(1020), including 14 pb~! of data at
nucleon-antinucleon production threshold region.

Since 2017 operation went on with the upgraded injection facility that allowed an increase of
the average luminosity by a factor of three.

The integrated luminosity was measured by counting ete™ — eTe™ and eTe™ — v events,
allowing additional photons in the final state. The systematic uncertainty of the luminosity
measurement at high energies is estimated to be 1% [4].

The beam energy measurement system [5] has been installed and commissioned in 2012. The
system allows to continuously monitor the beam energy with a relative precision better than
10~*, using Compton backscattering of laser photons by the electron beam.

3. eTe” — 77~ cross section measurement

One of the main goals of CMD-3 is to reduce the systematic uncertainty on the cross section for
two-pion production to a level lower than 0.5%, which corresponds to ~0.35 ppm uncertainty in
the muon anomalous magnetic moment.

Two energy scans below 1 GeV for the 777~ measurement were performed in 2013 and 2018.
The collected data sample corresponds to an integrated luminosity of 63 pb~!. Energy scans
above 1 GeV were performed in 2011, 2012, 2017 and 2019. The collected data sample for
the c.m. energy range above 1 GeV corresponds to about 135 pb~! of integrated luminosity.
The collected data sample has the same or better statistical precision for the cross section
measurements than was achieved by other experiments.

Separation of collinear e/u /7 events is performed using either the information on the energy
deposition in the calorimeter or on particle momenta measured in the drift chamber. Pions are
well separated from electrons by momentum in the c.m. energy range up to 0.9 GeV, while
muons are separated from other particles up to v'S < 0.66 GeV. The separation using energy
deposition works better at higher energies and becomes less robust at lower energies.

In both methods the number of muons can be extracted by event separation or can be
fixed according to QED prediction. Determination of the number of different particles is done
by minimization of the binned likelihood function, where two dimensional PDF functions are
constructed in different ways for each type of information.

The current estimated systematic uncertainty is about 0.65% at the p-peak and up to 0.9% at
lowest points for momentum-based approach and up to 1.5% for the energy deposition technique.

Preliminary results of ete™ — 77~ cross section measurement were published in [6].
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Figure 1. (a) e"e” — KgKJ, cross section
measured in the CMD-3 experiment. (b)
Relative difference between the data and fit.
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Figure 3. The ete™ — 3(xt7) cross

section, measured by the CMD-3 in the 2017
runs (red), in 2011-2012 (black), and by BaBar

(green). The inset shows the visible cross
section with the fit. The lines show NN
thresholds.
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A precise measurement of ete~
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Figure 2. ete™ — KTK~ cross section
measured by CMD-3. The inset shows the
contributions of the p and w intermediate
states (red curve) and higher excitations
(black curve).
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Figure 4. The ete™ — pp cross section,
measured by the CMD-3 in the 2017 runs
(red, preliminary), in 2011-2012 (black), and
by BaBar (green). The inset shows the visible
cross section (CMD-3, 2017) with the fit. The
lines show N'N.

— KgKj, cross section, dominated by the contribution of

the ¢(1020) and ¢(1680) resonances, is required to improve our knowledge of the hadronic
contributions to muon (g — 2). The result of the ee™ — KgK, cross section measurement [7]
is shown in Fig.1. This is the most precise measurement of this cross section with reached 1.8%

systematic uncertainty.

The ete” — KTK~ cross section was measured [8] at the ¢(1020) energy range to 2%
systematic accuracy (Fig.2). The CMD-3 result is in good agreement with isospin symmetry:
comparing to the recent CMD-3 measurement ete™ — KgK, the ratio of coupling constants

taking into account the Coulomb factor is: gsx+x-/9prsK, / /Z(m%) = 0.990+0.017.
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Figure 5. The efem — KTK ntn~
Born cross section measured with the CMD- Figure 6. The ete™ — 7r+7r_7r077 Cross
3 detector in the 2017 run (red points). The section obtained with the CMD-3 detector.

results of the BaBar measurements are shown Black and blue colors represent the 2011 and
by green open circles. The inset shows the 2012 data, respectively.

visible cross section with the fit described in
the text. The vertical lines show the NN
thresholds.

5. Study of multihadron production at NN threshold
An integrated luminosity of about 14 pb~1 has been collected in a scan at the NN threshold
with a step comparable with the beam energy spread of 1.2 MeV.

A detailed study of the NN threshold region confirms a fast drop in the eTe™ — 3(z7F77)
cross section observed previously. The cross section, measured with CMD-3, is shown in Fig.5.
The final results for the 2011-2012 data were published in [9].

The results for the eTe™ — pp cross section near threshold are shown in Fig.4. The measured
ete™ — pp cross section and G /Gy ratio for the 2011-2012 data were published in [10].

The analysis of the eTe™ — KT K77~ process was described in detail in [11]. The cross
section obtained from the new data is shown in Fig.5. The energy position of the drop in
the ete™ — KTK—mtm~ cross sections, observed for the first time, is consistent with the nm
production threshold, while that for the eTe™ — 3(n 7 ~) reaction is close to the pp threshold.

6. Study of the process ete™ — ntn 7'

CMD-3 performed the first measurement of e*e™ — 777 ~7% (n — 7) cross section in the c.m.
energy range from 1.394 to 2.007 GeV. The obtained cross section is presented in Fig. 6. The
production dynamics is dominated by the w(782)n and ¢(1020)n intermediate states in the lower
energy range, and by the ag(980)p(770) intermediate state at higher energies. The systematic
uncertainty was estimated to be 15%. Results of ete™ — 77777 study are published in [12].

7. Study of the process ete™ — KTK™n

The analysis of the process ete™ — KTK™n was based on an integrated luminosity of 59
pb~! collected by the CMD-3 detector in 2011, 2012 and 2017 in the c.m. energy range from
1.59 to 2.01 GeV. In the production of the K™K 7 final state we observed the contribution
of the ¢(1020)n intermediate state only. The K/m separation was performed with the use of
fr/x(p,dE/dz) functions [11], representing the probability density for charged K/m with the
momentum p to produce the energy loss dE /dz in the DC. The cross section of ete™ — ¢(1020)n
process is shown in Fig.7 along with the BaBar results. The systematic uncertainty on the
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Figure 7. BaBar (open squares) and CMD-3 (filled circles) results for the measurement of the
ete™ — ¢n cross section. The overall fit of CMD-3 data (the solid curve), nonresonant part
(the dashed curve) and the interference part of the fit (the dotted curve) are shown.

cross section measurement was estimated to be 5.1%. Via the cross section approximation the
¢(1680)-meson parameters have been determined and the results are published in [13].

8. Conclusion

The VEPP-2000 collider successfully operates with a goal of collecting ~1 fb~! and providing new
precise results on hadron physics. The collected data correspond to an integrated luminosity of
200 pb~!. The collected data sample has the same or better statistical precision for the hadronic
cross sections than the one achieved in previous experiments.
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