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Abstract
This paper describes the K/π separation technique based on ionisation losses in
the drift chamber of the CMD-3 detector. First the procedure of the ionisation-
loss calibration is described. Then methods of K/π separation are discussed
for the example process e+e− → K+K−π+π−.
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1 Introduction
The electron-positron collider VEPP-2000 [1] was commissioned at the Budker Institute of Nuclear
Physics (BINP) in 2010. The machine covers a center-of-mass energy range from E = 0.32 GeV to
2 GeV and employs a novel so-called round beam technique to reach luminosities of up to 1032 cm−2s−1

at 2 GeV.

The CMD-3 [2] detector occupies one of two interaction regions of VEPP-2000. The detector
layout is shown in Fig. 1. The tracks of charged particles are detected by the cylindrical drift chamber
(DC) with hexagonal cells. The fiducial volume for charged tracks is precisely determined by the Z-
chamber, a Multi Wire Proportional Chamber (MWPC) with dual anode and cathode readout. The barrel
electromagnetic calorimeter, placed outside of the superconducting solenoid (0.08 X0, 13 T), consists of
two systems: the Liquid Xenon (LXe) calorimeter (about 5.4 X0) and the Cesium Iodine (CsI) crystal
calorimeter (about 8.1 X0)) that surrounds the LXe calorimeter. The LXe calorimeter has 7 layers and
utilizes dual readout: the anode signals are used for measurement of the total energy deposition while
signals from the cathode strips provide information about the shower profile. Also they are used for the
measurement of the coordinates of photons with high precision (about 1-2 mm). The endcap Bismuth
Germanate (BGO) crystal calorimeter (about 13.4 X0) operates in the main magnetic field. The Time-
Of-Flight (TOF) system, designed to identify the particle species, is placed between the two layers of
the barrel calorimeter. The calorimeters are surrounded by the so-called muon range system based on
scintillation counters. The full detector has a radius of 1.5 m and a length of 2 m.

During the first experimental run from 2010 to 2013, the detector has collected about 60 pb−1 of
integrated luminosity. An average luminosity above 1031 cm−2s−1 was reached at VEPP-2000, which
is still below the design luminosity. The main limitation at high energies was a deficit of positrons.
After the VEPP-2000 upgrade, started in 2013, which included the commissioning of the new positron
injection facility and an increase of the maximum energy of the booster ring, one of the pre-accelerators,
a gain in the maximum luminosity of up to a factor of 10 is expected.

The main task of the CMD-3 detector is the measurement of the exclusive cross sections of the
electron-positron annihilation into hadrons. For the measurement of events including charged kaons
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Fig. 1: CMD-3 detector: 1 – beam pipe, 2 – drift
chamber, 3 – BGO calorimeter, 4 – Z-chamber, 5 – SC
solenoid (0.08X 0, 13 T), 6 – LXe calorimeter, 7 – TOF
system, 8 – CsI calorimeter, 9 – yoke. Outer muon
range system is not shown.

Fig. 2: Drift chamber layout.

a kaon identification procedure is needed, where pions represent the largest background. This paper
describes the method of K/π separation using ionisation losses (dE/dx) in the DC and the calibration of
the dE/dx measurement with the DC.

2 Drift chamber
The drift chamber is the main tool of the CMD-3 detector for charged particle reconstruction. A sketch
of the DC is shown in Fig. 2. 1218 identical hexagonal cells of a cell side of 9 mm and a sense to
field wires ratio of 1:2 cover the full sensitive volume of the chamber. The charge division technique is
used to measure the coordinate along the sense wires which have 15 mm diameter and are made of gold
plated tungsten-rhenium alloy with a resistance of 1 kΩm. The field wires have a diameter of 100 mm
and they are made of titanium. The DC end plates are 7 mm thick spherical segments made of carbon
fibers. As gas mixture Ar:C4H10 is used with a proportion of 80:20. A simulation with Garfield [3] has
shown a maximum drift time in the 1.3 T magnetic field of about 600 ns while the beam revolution time
is 80 ns. The mixture is prepared using two Bronkhorst gas flow controllers. Direct measurements of the
magnetic field in the DC volume have shown an agreement with calculations: the maximum deviation
of the magnetic field does not exceed 1% along the beam axis and 0.2% from the interaction point to the
outer shell.

3 Ionisation losses calibration
Cosmic muon events are used for the estimation of the DC gain for each wire. Also the reconstructed
track parameters allow one to know the position at which a particle crosses a cell and calculate a geo-
metrical amendment for the collected ionization. The calibration includes corrections on the following
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parameters:

– distance from track to the wire ρ,
– polar angle of track θ,
– longitudinal position of the track z,
– amplitude difference between wires.

As shown in Fig. 3, the ionisation losses is constant for central values of z while at the borders of
the DC it shows a linear dependence on the longitudinal track position. The dE/dx dependence on the
distance between track and wire (ρ) is different for different polar angles (see Fig.4). Hence, the mean
ionisation loss as a function of the polar angle (see Fig. 5) are approximated for different values of ρ.
These approximations are then used for the detector calibration.

For the calibration of the dE/dx scale, we use "one-proton" events with a momentum of 350 MeV/c
and cosmic muon events with a momentum of higher than 500 MeV/c. The mean dE/dx measured with
the wires of DC is presented in Fig. 6. Red points correspond to protons, blue points correspond to
cosmic muon events. We set mean ionisation losses value on 10000 arbitrary units for protons and
2000 arbitrary units for cosmic muon events. The final dE/dx measurement resolution is 10%-13% for
minimum ionisation particles.

Fig. 3: Dependence of the mean dE/dx on the longitude
position of track z.

Fig. 4: Dependence of the mean dE/dx on the distance
between track and wire ρ for three different polar an-
gles.

Fig. 5: Dependence of the mean dE/dx on the polar
angle of track θ.

Fig. 6: dE/dx for all wires of the DC for proton events
and cosmic muon events.
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4 Kaon identification
The dE/dx distribution for collinear events (two tracks with ∆θ = 0.15 rad and ∆φ = 0.1 rad) at
E = 1.019 GeV is presented in Fig. 7. The momentum of kaons are about 110 MeV/c. A cut based
event selection shown as black lines allows to identify events of the process e+e− → K+K− with less
than 0.5% background [4].

The dE/dx in the DC versus the particle momentum for e+e− → K+K−π+π− events is presented
in Fig. 8 for E = 1.8 GeV. For the K/π separation for particles with a momentum of larger than 400
MeV/c, a probability density function (PDF) with momentum and dE/dx dependence is used to extract the
number of pions and kaons in the event. It is constructed for kaons fK(p,dE/dx) and pions fπ(p,dE/dx)
as

fK ,π(p,dE/dx) = NG ×G(< dE/dx >, σG) + NGl ×Gl(< dE/dx >, σGl , η). (1)

where G(< dE/dx >, σG) is the Gaussian function, Gl(< dE/dx >, σGl , η) is the logarithmic Gaus-
sian function. The latter is necessary to describe the tails of the distribution of the ionization losses.
The average ionization losses <dE/dx>, standard deviations σG and σGl , asymmetry η, amplitudes NGl

and NG depend only on the particle momentum. The PDF parameters are extracted from the dE/dx
dependence on the particle momentum using a 7-dim. fit. First the fπ(p,dE/dx) is determined us-
ing a sample of e+e− → π+π−π+π− events, then the fK(p,dE/dx) is determined using a sample of
e+e− → K+K−π+π− events with fixed fπ(p,dE/dx). This procedure was performed for simulated and
experimental data at each energy point. An example of a PDF is shown in Fig. 9 for momenta of 400 -
450 MeV/c.

Fig. 7: Particle ionization losses in DC for collinear
events at E = 1.019 GeV.

Fig. 8: Pion and kaon ionization losses in DC as a func-
tion of the particle momentum in simulation.

Fig. 9: Pion and kaon ionization losses in DC for the
momentum interval from 400 to 450 MeV/c in simula-
tion.

Fig. 10: Distribution of the likelihood function
(LKKππ) for the four-track events in simulation. The
blue histogram corresponds to all four-track events, the
black one to π+π−π+π− events and the red one to
K+K−π+π− events.
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In the analysis of the process e+e− → K+K−π+π− the likelihood function (LKKππ) is defined
as

LKKππ = log
( ∏

i f
i
αi

(p,dE/dx)∏
i[f

i
π(p,dE/dx) + f iK(p,dE/dx)]

)
, (2)

where i is the track index, αi is the supposed type (K or π) of the particle corresponding to the ith
track. The LKKππ is constructed for events with three or four tracks in the DC, so the track index
changes from 1 to 3 or 4, respectively. LKKππ is constructed under the assumption that each event is
a K+K−π+π− event, so two tracks are identified as kaons and two as pions. Therefore, taking into
account all the permutations and charges of the particles, LKKππ receives four different values for each
event. The most probable combination of particle types provides a maximum of this function. The
distribution of LKKππ for simulated data at a center-of-mass energy of 2 GeV is shown in Fig. 10.
The blue histogram corresponds to all four-track events while the black and red ones correspond to
π+π−π+π− and K+K−π+π− events respectively. It is seen that the likelihood function value also is a
good parameter to select e+e− → K+K−π+π− events from background. The condition for the LKKππ
value to be larger than −2 was chosen as a selection condition, which allows to suppress background
events by a factor of 20 and it preserves more than 99% of signal events, according to simulation as
extracted from Fig. 10. Similar likelihood functions were used for analyses of the processes e+e− →
K+K−ω, K+K−π and K+K−η [6].

5 Conclusion
The CMD-3 tracking system based on the DC and Z-chamber participated in the data taking since 2010.
Calibration procedures of the dE/dx measurement have been developed and they were used during all data
taking periods. The DC ionisation losses resolution is 10%-13%. Information about ionisation losses in
the DC is successfully used in analyses of processes e+e− → K+K−ω, K+K−π,K+K−π+π− and
K+K−η.
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