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The process ete™ — K*K~m+m~ has been studied in the center-of-mass energy range from 1500 to
2000 MeV using a data sample of 23 pb~! collected with the CMD-3 detector at the VEPP-2000 ete~
collider. Using about 24000 selected events, the ete™ — KTK~m 7~ cross section has been measured
with a systematic uncertainty decreasing from 11.7% at 1500-1600 MeV to 6.1% above 1800 MeV. A pre-
liminary study of Kt K~z "7~ production dynamics has been performed.
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1. Introduction

A high-precision measurement of the total cross section of
ete™ — hadrons is important for various applications including a
calculation of the hadronic contribution to the muon anomalous
magnetic moment (g —2), in the frame of the Standard Model. To
confirm the existing difference between the calculated (g — 2),
value [1] and the measured one [2]|, new measurements of the
exclusive channels of ete~ — hadrons with better accuracy are
required. A contribution to the muon anomalous magnetic mo-
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ment from ete~™ — KKmm at the center-of-mass (c.m.) energies
below 2 GeV is (3.31 £0.58) x 1010, estimated using isospin re-
lations [1]. However, this result strongly depends on assumptions
made about the presence of intermediate resonances, necessitat-
ing therefore a thorough study of the process dynamics in various
KKmm final states (KYK—mwtx~, K*K 7%70, KiKg(L)rﬁnO,
L)

The process ete™ — KTK~mw Tz~ has been earlier studied
with the DM1 [3] and DM2 [4] detectors and more recently with
much larger effective integrated luminosity at the BaBar [5,6] and
Belle [7] detectors using an ISR approach. The first study of the
production dynamics with the BaBar detector exhibited a plethora
of the resonant substructures (K™K~ p, K*K7, ¢ t7~, K1K, etc.)
and some of them have been studied in more detail [6].

0370-2693/© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by
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In this paper we report a measurement of the ete™ —
KTK~m*m~ cross section and a preliminary study of produc-
tion dynamics based on 23 pb~! of an integrated luminosity col-
lected by scanning of the c.m. energy (E.m.) range from 1500 to
2000 MeV.

2. Detector and data set

The VEPP-2000 electron-positron collider [8] at Budker Insti-
tute of Nuclear Physics (Novosibirsk, Russia) covers a c.m. en-
ergy range from 320 to 2000 MeV and employs a novel tech-
nique of round beams to reach luminosity up to 1032 cm2s~!
at Ecm. = 2000 MeV. The Cryogenic Magnetic Detector (CMD-3)
described in [9] is installed in one of the two beam interaction
regions. The detector tracking system consists of the cylindrical
drift chamber (DC) and double-layer cylindrical multiwire propor-
tional Z-chamber, both also are used for a trigger and installed
inside a thin (0.085 Xg) superconducting solenoid with 1.3 T mag-
netic field. DC contains 1218 hexagonal cells in 18 layers and al-
lows one to measure charged particle momentum with 1.5-4.5%
accuracy in the (100-1000) MeV/c range, and the polar () and
azimuthal (¢) angles with 20 mrad and 3.5-8.0 mrad accuracy, re-
spectively. Amplitude information from the DC wires is used to
measure the ionization losses (dE/dxpc) of charged particles with
OdE jdxpc = 11-14% accuracy. The barrel electromagnetic calorime-
ters based on liquid xenon (LXe) (5.4 Xp) and Csl crystals (8.1 Xp)
are placed outside the solenoid [10]. The total amount of material
in front of the calorimeter is 0.13 Xg that includes the solenoid
as well as the radiation shield and vacuum vessel walls. BGO crys-
tals (13.4 Xp) are used as the endcap calorimeter. The flux return
yoke is surrounded by scintillation counters which are used to tag
cosmic events.

To study a detector response and determine a detection effi-
ciency, we have developed a code for Monte Carlo (MC) simulation
of our detector based on the GEANT4 [11] package so that all simu-
lated events are subjected to the same reconstruction and selection
procedures as applied to the data. MC simulation of the signal pro-
cess described further in Section 4 includes photon radiation by an
initial electron or positron calculated according to [12].

For the present analysis we use data of 2011 (1.0 T field) and
2012 (1.3 T field) runs, collected at 66 beam energy points with
35 pb~! of an integrated luminosity. In the 2011 run the energy
range (Ec.m. = 1000-2000 MeV) was scanned up and down with a
25 MeV step collecting about 500 nb~! per point. In the 2012 run
this range was scanned up with 20-40 MeV steps collecting about
1 pb~! per point. The integrated luminosity was determined using
events of the processes ete™ — e*e™ and ete™ — yy with about
1% accuracy [13].

The beam energy was monitored by measuring the current
in the dipole magnets of the main ring, and, in addition, at a
few energy points by using the Back-Scattering-Laser-Light sys-
tem [14,15]. Using the measured average momentum value of
Bhabha events and the average momentum of proton-antiproton
pairs from the process ete~ — pp [16], we determined Ec, for
each energy point with about 6 MeV and 2 MeV accuracy for 2011
and 2012 runs, respectively.

3. Events selection
Candidates for the events of the process under study are re-
quired to have three or four “good” tracks in the DC with the

following “good” track definition:

e A track produces more than nine hits in the DC.
e A track momentum is larger than 50 MeV/c.

AE,,, MeV
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Fig. 1. Scatter plot of the AE4; vs the total momentum Py for four-track events at
Ecm. = 1980 MeV.
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Fig. 2. The ionization losses in DC vs particle momentum for four-track events in
simulation of signal process.

e A minimum distance from the track to the beam axis in the
transverse plane is less than 0.4 cm.

e A distance from the track to the center of the interaction re-
gion along the beam axis is less than 10 cm.

e A polar angle of the track is in the range from 0.85 to = —0.85
radians.

o lonization losses of the track are less than ionization losses of
the proton.

For selected events with four “good” tracks we calculate the
total momentum Py and the total energy E4r, assuming all par-
ticles to be pions:

4 4
Pot=1Y Pil.  Eax=)» \/p?+m3.
i=1 i=1

Fig. 1 shows a scatter plot of the difference AEs; = E47r —
Ecm. vs the total momentum Pyy. The ete™ - atn—mwta~
events locate near the origin of the coordinates. Another clus-
ter of events with a close to zero total momentum but shifted
down along the vertical axis corresponds to K™K~m 7~ events.
Events with high P, have missing particles and correspond to var-
ious  background  processes: eTe~ — mtmTmwtmT(y),
KIKEF(y), atr—nta—nly), atr—ntn—n%70y),
atr ata Tt (y).

Using the selections Pyt < 50 MeV/c and |AEsr + 500| <
100 MeV we obtain a sample of K¥K~7*7~ events with a con-
tribution from the background processes of less than 5% estimated
according to simulation. These events are used to develop a proce-
dure of separation of pions and kaons.

K/m separation in CMD-3 can be performed by analyzing ion-
ization losses in the DC and the LXe calorimeter. The ionization
losses dE/dxpc in the DC for kaons and pions from simulated
KTK~m*7~ events are shown in Fig. 2. A similar plot for the ion-
ization losses dE/dxixe in the LXe calorimeter is shown in Fig. 3.
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Fig. 3. Ionization losses in the LXe calorimeter vs momentum for K¥K-m+m~
events in simulation.

It can be seen that dE/dxpc differ significantly for kaons and pi-
ons for momenta less than 500 MeV/c, while dE /dx;x. differ even
at higher momenta, so one can perform K/m separation in the
whole particle momentum range. The distributions of the ioniza-
tion losses have different shapes in the DC and the LXe calorimeter.
It is Gaussian for dE /dxpc, while nuclear interactions are likely in
the LXe calorimeter, resulting in the wide tails of the dE/dxixe
distribution, in which about 20% of the events are located. Sim-
ulation of nuclear interactions of kaons and pions in LXe is not
perfect, especially at low momenta, so using simulated dE/dxixe
results in uncontrollable systematic uncertainties. Thus an experi-
mental input is required for studying energy deposition of particles
in the LXe calorimeter and ionization losses in the drift chamber
are only used in this analysis. This results in a less than 0.5% un-
certainty in K/m separation estimated from simulation, where the
particle type and the number of misidentified particles are known.
This uncertainty is negligible compared to the total systematic er-
ror (discussed in Section 7).

We use momentum and dE /dxpc values for each track to con-
struct probability density functions (PDF) for kaons f (p, dE/dxpc)
and pions fr(p,dE/dxpc), each of which is a sum of Gaussian
and logarithmic Gaussian distributions. The parameters of PDF
are determined by approximating the dE/dxpc histogram by PDF.
The parameters of these functions are fitted by smooth lines
which depend on momentum. First we use a sample of eTe™ —
atm~wta~ events to determine fr(p,dE/dxpc), then the func-
tion fx(p,dE/dxpc) is determined using ete” — KTK-mwtm~
events. The control sample of ete™ — w7~ 7~ events is se-
lected using strong cuts, that reject the background to the level
of less than 0.5%. The background in the sample of ete™ —
KTK~ 7w+t~ events is about 1% and will be discussed below in
this section. This procedure is performed separately for simula-
tion and experiment. The approximation of the simulated dE /dxpc
distribution with a sum of two functions fk(p,dE/dxpc) and
fr(p,dE/dxpc) in the momentum range 470-520 MeV/c is pre-
sented in Fig. 4.

Selection of events of the process ete™ — KTK~m+7~ from
the three- and four-track samples is performed using a likelihood
function Lggr~, which is constructed as:

Lgkznr =1In ( [ fe(p, dE/dxpc) ) 7

[1(fL(p,dE /dxpc) + fi(p, dE/dxpc)]

where i — track index, which varies from 1 to 3 or 4, o; =K,
— assumed type of a particle corresponding to the i-th track. Un-
der the assumption that each event is from the process ete™ —
KTK~=m+m~, two tracks with opposite charges should be identi-
fied as kaons while the other two as pions and we test all possible
combinations of «; to obtain the maximum value of Lxkzyx.
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Fig. 4. lonization losses for tracks with momentum in the 470-520 MeV/c range.
The lines show PDFs for pions and kaons, described in the text.
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Fig. 5. Distribution of the likelihood function Lggr, for all three- and four-track
events in data (open histogram), and for K* K~z +7~ simulated events (hatched
histogram).
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Fig. 6. The scatter plot of the difference AExkr» between the total energy and c.m.
energy vs the total momentum for the four-track events at E. . = 1980 MeV. The
rectangle shows the selected area.

Fig. 5 shows the Lgkrr value for all three- and four-track
events in data by the open histogram, while the hatched his-
togram corresponds to the KTK~7Tmw~ events from simulation.
The likelihood function value is a good parameter for separat-
ing KYK—mtm~ events from the background. We applied a re-
quirement Lgkrr > —3 which retains more than 95% of signal
events.

We assign pion or kaon mass to each track and calculate to-
tal energy Exgnr. Fig. 6 shows a scatter plot of the difference
AExknr = Exknr — Ecm. vs the total momentum for events with
four tracks assuming all events to be ete™ — KTK~7 7 ~, and
the condition Ly > —3 applied. Events of the process eTe™ —
KTK~m+m~ are located near the origin of the coordinates.

The width of the Exkyry distribution for KT K~7T7~ events
is a few times smaller than that of the E4; distribution while
the shapes of the background distribution are the same for
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Table 1

D.N. Shemyakin et al. / Physics Letters B 756 (2016) 153-160

Center-of-mass energy, integrated luminosity, number of four-track events, number of three-track events, detection efficiency, radiative correction and Born cross section of

the process ete™ — K+t K~m 7 ~. Errors are statistical only.

Ecm., MeV Lum., nb~! Ny N3 € (1+9) o, nb
2004.6+6 4781 313 380.5 0.390 0.972 3.88+0.15
1988.6+2 600.6 445 507.7 0.410 0.956 4.1040.13
1978.4+6 506.6 353 412.0 0.398 0.949 4.05+0.15
1966.9+2 692.2 510 650.6 0.416 0.942 435+0.13
1952.6+6 451.0 326 390.0 0.407 0.937 4.2340.16
1944.8 +2 993.8 735 898.9 0.422 0.935 4.2340.10
1927.0+6 590.8 441 532.2 0.413 0.933 435+0.14
1926.0+6 566.9 420 569.1 0.426 0.933 4.4740.14
1903242 900.4 682 841.0 0.431 0.930 431+0.11
1901.3+6 498.6 351 471.0 0.418 0.930 433+0.15
1893.4+6 5271 381 459.1 0.420 0.928 4.17+0.14
1874.2+2 855.6 659 723.0 0.436 0.919 4.09+0.11
1871.1+6 671.0 497 658.3 0.424 0917 4.50+0.13
1848.6+6 4354 311 395.8 0.429 0.903 42740.16
1840.0+2 966.0 721 1007.6 0.438 0.897 4.63+0.11
1826.4+6 513.8 383 463.0 0.429 0.889 438+0.15
1798.0+2 998.4 684 865.4 0.436 0.875 414+0.11
1792.9+6 4491 289 388.6 0.428 0.873 4.11+0.16
1773.7+6 560.6 297 396.9 0.425 0.867 3.4340.13
1757.7+2 971.9 459 635.5 0.431 0.864 3.08 +0.09
1741.6+£6 542.3 208 269.9 0.422 0.863 2.47+0.11
1723.1+6 530.7 185 235.0 0.423 0.863 2.20+0.11
1715.8+2 8121 257 398.8 0.428 0.862 2.24+0.09
1692.8+6 494.2 132 166.6 0.421 0.850 1.73+0.10
1674.1+2 894.7 220 273.5 0.415 0.835 1.6440.07
1669.4+6 572.2 111 168.1 0.409 0.832 1.4540.09
1643.0+6 462.7 72 62.9 0.393 0.821 0.87 +0.08
1622.9+6 517.8 31 52.6 0.378 0.824 0.52+0.06
1595.0+2 832.7 39 35.8 0.356 0.827 0.2940.03
1593.8+6 449.8 16 35.2 0.354 0.827 0.39+0.06
1571.9+6 522.0 7 - 0.136 0.825 0.119 4 0.045
1543.246 512.0 3 - 0128 0.823 0.056 + 0.032
1522.4+6 539.5 1 - 0121 0.821 0.019+0.019
1514.6 +£2 8474 3 - 0121 0.821 0.036 £ 0.020
1494.1+6 556.8 1 - 0.120 0.819 0.018 +0.018
1434.9+6 927.3 2 - 0.120 0.815 0.022+0.016
E4r and Eggrr. For that reason, conditions on AEgkrr and 40

Pt allow to suppress the eTe™ — w7~ 7 7~ (y) background.
However, five- and six-body processes with a missing particle
in the final state (zT7x - ntn " n%y), 7T 7T 7'70(y),
atar~wnta~mtrw~(y)), or four-body processes with charged
kaons (K2K*mF(y) at c.m. energy less than 2 GeV) have the
same value of Exkrr and Py as the signal process. The con-
dition on Lkgrr allows one to significantly reduce the num-
ber of such background events. Application of the requirements
|[AEkkzn| <80 MeV, Pyt <80 MeV/c and Lxkrr > —3 decreased
the background to less than 1% level as estimated using the multi-
hadron Monte Carlo generator [17]. In this generator all experi-
mentally measured processes of eTe~ annihilation into hadrons
up to 2 GeV are used to calculate a total cross section at a given
c.m. energy and events of each final state are sampled with a prob-
ability proportional to the fraction of its measured cross section in
the total one.

The Lxkrr > —3 requirement for the three-track events selects
candidates for the K¥K~7 7~ final state for which we know the
charge and type of a missing particle. Using the total momentum
of three detected tracks and momentum conservation, we calcu-
late the energy of the missing particle and add it to the energy
of the detected particles to obtain the total energy E3;; for these
events. The histogram in Fig. 7 shows the difference between the
calculated total energy for events with one missing particle and
the c.m. energy, AEsy1 = E341 — Ecm.. To extract the yield of
signal events, we fit this distribution with a signal function and
a linear background. The signal function shape is obtained using
four-track K*K~m 7~ events assuming that one track is not de-

Entries/4 MeV

I
100 150
AE,,, MeV

1 1 1 1
-150-100 -50 0 50

3+17

Fig. 7. Difference AE3,1 between the calculated total energy for events with one
missing particle and the c.m. energy at Ecm = 1980 MeV. The lines show a fit
explained in the text.

tected. According to simulation [17], the linear function describes
the background well.

Events with a missing particle mainly appear due to the limited
DC acceptance, in addition, some tracks are not reconstructed due
to a DC inefficiency, decays in flight or nuclear interaction.

Using distributions of AE34q parameter we determine sepa-
rately the number of missing pions or kaons expected inside and
outside the DC acceptance. Events with a missing track are used to
study a reconstruction efficiency as discussed in Section 5.

In total, 10545 four-track and 13 349 three-track events of the
process ete™ — KTK~ w77~ have been selected. The numbers of
signal events at each energy point are listed in Table 1.
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4. Simulation

A MC generator of the process ete™ — KK~ 7~ has been
developed to obtain a detector response to K*K~mw+mw~ events
and to calculate the detection efficiency. Since the DC acceptance
is only 70% of the total solid angle, the correct determination
of the total detection efficiency requires adequate simulation of
the production dynamics of ete™ — KTK~mwtm~ events. The
BaBar Collaboration reported observation of the following interme-
diate states for this process [6]: ¢(1020) fo(980), ¢(1020) fo(500),
K1(1270, 1400)K, K*(892)°Km, I(;‘(1430)°K and p(770)K+TK~.
Following this study, we developed a MC generator which includes
various processes resulting in the KKz final state:

ete™ — K*(892)°Km + c.c.

ete™ — K*(892)2K*(892)0

ete™ — fp(980)¢

ete™ — fo(500)¢

ete”™ — p(KK)s-wave

ete™ = (K1(1270)K)s-wave = (K*7)s-waveK
ete” — (K1(1400)K)s-wave = (K*7)s-wave K
ete” — (K1(1270)K)s-wave = (0K)s-waveK

The matrix element M(Pg+, Px—, Pz, Dr+, @) is written as a
weighted sum of the amplitudes of all intermediate states men-
tioned above with the relative phases assumed to be 0° or 180°.
The propagators of the intermediate resonances include relevant
energy dependence of the width. The weights of the intermediate-
state amplitudes are obtained from a minimization of the likeli-
hood function

_ Pl (@

where multiplication is performed for experimental events, Pget (@)
— the probability to detect an ete™ — KTK-7w 7~ event, & is
the vector of the weights — free parameters of the fit, Z(a@) —
normalization coefficient. The probability to detect an ete™ —
KtK~m*m~ event with particle momenta (Pg+, Px—» Dr—» Dr+)
is defined as:

Phee = IM(Bigr, Bl Py By, @)1
X €(Pig+s Pl Py Pt )AF,
where e(f)%,f}},,f)i{,,ﬁ%ﬁ — detection efficiency, AF — ele-
ment of the event phase space. The calculation of
Z(a)
_ [IM(P+, Pk-+ Pr—» P+ @) 2€(P+, P—» Pr—» P+ )dF

NEVEH'E

’

where Neyent — the total number of events, is performed using MC
simulation. It can be seen that

o l—[ |M(I_5’K+7 i),](—’ I_J;;T—v p;-[+7 62)|2

. Z(a)
for a fixed sample of events, because the factor ﬂie(ﬁ§<+,ﬁ§<_,
pt_.pL.)AF' is independent of &. The last equation for L was
used in minimization.

Since the number of events at each c.m. energy point is not
sufficient to determine the weights, the events are combined into
nine groups with the following average values of E. , : 1600, 1650,
1700, 1750, 1800, 1850, 1900, 1950 and 2000 MeV.
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Fig. 8. K*7¥ invariant mass for data (points) and MC simulation (histogram) at
Ecm. = 1950 MeV.
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Fig. 9. wT7~ invariant mass for data (points) and MC simulation (histogram) at
Ecm. = 1950 MeV.

We found no significant contribution from the K*(892)°Kw
and K*(892)°K*(892)° channels and excluded them from L. We
observe strong dependence of the weights of the intermediate-
state amplitudes on the c.m. energy and high interference between
various amplitudes. It was found that the main intermediate mech-
anisms are ete” — (K1(1270,1400)K)s-wave — (K*7T)s-waveK,
their contribution is about 50-90% and depends on c.m. energy.
The K1(1270) and K7(1400) are broad resonances and phase space
of the K;1K system is small at energies smaller than 2 GeV. So a
much larger sample is needed for separation of the intermediate
states with these particles.

The dependence of the weights of the intermediate-state am-
plitudes on the c.m. energy has been smoothed and then used
to construct a MC generator that was used for the final detection
efficiency calculation. The obtained contributions of various inter-
mediate states are consistent with the BaBar results. A detailed
analysis of the production dynamics will be performed after in-
creasing statistics and a study of the other charge combinations of
the KKz final state.

Comparison of simulated and experimental invariant mass and
angular distributions for the c.m. energy of 1950 MeV is shown in
Figs. 8-13. The points with error bars correspond to experimental
data, the histograms correspond to simulation; the obtained mix-
ture of the intermediate states reasonably describes the data.

5. Efficiency

We calculate the detection efficiency from simulation as a ratio
of the number of events after the selections described in Sec. 3 and
the total number of simulated events. Fig. 14 shows the detection
efficiency calculated in our model for four-track events (circles),
events with a missing pion (stars), events with a missing kaon
(squares), and the total one (triangles) vs c.m. energy. The detec-
tion efficiency calculated in our model is 10% smaller than that in
a phase space model.
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Fig. 10. K™K~ invariant mass for data (points) and MC simulation (histogram) at
Ecm. = 1950 MeV.
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Fig. 11. The angle between K* and K~ for data (points) and MC simulation (his-
togram) at E¢ ;. = 1950 MeV.
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Fig. 12. The angle between K* and 7 ¥ for data (points) and MC simulation (his-
togram) at E¢ ;. = 1950 MeV.
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Fig. 13. The angle between 7% and 7~ for data (points) and MC simulation (his-
togram) at E¢ ;. = 1950 MeV.

Since events with a missing track are mostly due to the limited
DC acceptance, the ratio of the number of three-track and four-
track events R3/4 is sensitive to the polar-angle distributions, and
provides an additional test of the production mechanism used in

o
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Fig. 14. Detection efficiency for four-track events (circles), events with a missing
pion (stars), events with a missing kaon (squares) and total detection efficiency (tri-
angles) vs c.m. energy.
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Fig. 15. The ratio of three- and four-track events, R34, for a missing pion (circles)
and a missing kaon (squares). The lines show corresponding simulated values.

the MC simulation. Fig. 15 shows R3/4 for missing pions (circles)
and missing kaons (squares) in comparison with the correspond-
ing simulated values shown by the smooth lines. We observe good
agreement of the data and simulation and use this comparison to
estimate systematic uncertainties on the detection efficiency dis-
cussed below.

Three-track events with a missing pion or kaon expected in
the DC acceptance are used to estimate the single-track DC recon-
struction efficiency for data and MC simulation. It is calculated as
€10r =2/(2+ R3/4), and we obtain ], = 0.855+0.005 (¢}I€ , =
0.862-£0.005) and &}~ = 0.95+0.01 (¢M€_ =0.955-£0.005) av-
eraged over the c.m. energy range 1600- 2000 MeV for kaons and
pions, respectively.

Using these values we calculate the corrections to the number
of three- and four-track experimental events, &4 and &3¢:

2
(Em 0’ (81tr7[)

T G PN 2

§3tr (S]E)t(rpk)zgltr n( gle)t(rpn)
(‘c"ltrK)Zgltrn(1 gltrn)

el = et 1~

2
(e )2l (1 —elif K)

These corrections depend on conditions used to determine “good”
tracks, and their values vary in the 0.95-1.05 range when we study
systematic uncertainties (see below). For selected “good” tracks our
simulation describes well the DC detection efficiency and correc-
tions are about unity.

Fig. 16 presents the polar angle distribution for three-track
events after background subtraction. The points correspond to ex-
perimental data, the open histogram is for simulation of tracks
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Fig. 16. The polar angle of kaon or pion. Points correspond to experimental data,
histogram — simulation. The open region corresponds to the polar angle of detected
particles, shaded — polar angle of the particles that were not detected.
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Fig. 17. A radiative correction versus c.m. energy.

detected in DC, and the shaded histogram shows the distribution
for the expected direction of missing particles. The simulation de-
scribes our data well.

6. Cross section calculation

At each energy point the Born cross section for the process
ete™ — KTK~mwm~ is calculated as a weighted average of the
cross sections for three different data sets:

O4tr = L,
€atrLine (1 + 8)&arr
O3tr K = Nawr k ,
€3tr K Lint(1 + 8)&3er
and
O3t = N3tr T

€3tr 7 Ling (1 + 8)&3¢r

for four- and three-track events, where L, is the integrated lumi-
nosity, (1 + §) is the radiative correction, €4 and €34 g  are the
detection efficiencies from simulation, &4¢ and &34 g n are correc-
tions for the data-MC difference in the DC track reconstruction
efficiencies.

The radiative correction shown in Fig. 17 is calculated according
to [12,18], using our cross section data and an iteration procedure.

The obtained cross section is presented in Fig. 18 as a function
of c.m. energy. Our result agrees with the previous measurement
performed by the BaBar Collaboration [6] and has comparable or
better statistical precision.

The integrated luminosity, the number of four- and three-track
events, detection efficiency, radiative correction and obtained cross
section for each energy point are listed in Table 1. Only statistical
errors are shown.
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Fig. 18. The cross section of the process eTe™ — KTK~mw*x~ obtained with the
CMD-3 detector (dark circles) in comparison with the BaBar measurement (open
circles).
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Fig. 19. The ratio of three-track and four-track cross sections. The line is an approx-
imation.

7. Systematic errors

The following main sources of systematic uncertainties are con-
sidered:

The uncertainty on the determination of the integrated lumi-
nosity is 1% [13];

A systematic error due to the K/ separation is estimated to
be 0.5%;

Using the ratio of the cross section values obtained for the
2011 and 2012 runs we estimate a systematic uncertainty as-
sociated with overall detector operation as 1.2 %;

The accuracy of background subtraction for three-track events
is studied by the variation of the fit range and is estimated as
1.5%;

A systematic error due to the selection criteria is studied by
varying the “good” track definition and is estimated to be
2.6%;

The model dependence uncertainty of 5% is conservatively
estimated by varying the polar angle selection, and by com-
parison of the cross sections for four- and three-track events
shown in Fig. 19. The mean value of the ratio of such events
is 0.960 + 0.024.

The above systematic uncertainties summed in quadrature give
an overall systematic error of 6.1%.

An additional systematic uncertainty is related to the accuracy
of c.m. energy determination, which is about 6 MeV and 2 MeV
for the 2011 and 2012 runs, respectively. It leads to an energy-
dependent uncertainty of about 10% at E.pn = 1500-1600 MeV
linearly decreasing to 1% at E., = 1800 MeV. In the energy range
Ecm. = 1800-2000 MeV this uncertainty is less than 1%. The c.m.
energy uncertainties are listed in Table 1.
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8. Conclusion

The total cross section of the process ete™ — KTK-mwtm~
has been measured using 23 pb~! of an integrated luminosity col-
lected with the CMD-3 detector at the VEPP-2000 collider in the
1500-2000 MeV c.m. energy range. Our results agree with the pre-
vious measurements and have comparable or better statistical pre-
cision. This final state exhibits complex resonant substructures. Our
tentative study of dynamics shows the following major interme-
diate mechanisms: ete™ — (K1(1270)K)s-wave = (K*7T)s-wave K,
ete™ —  (K1(1400)K)s-wave — (K*T)s-waveK, ete™ —
(K1(1270)K)s-wave = (PK)s-waveK, eTe™ — fo(980)¢, ete™ —
fo(500)¢ and ete™ — p(KK)s-wave. Simulation based on these
models is in good agreement with the experimental data and al-
lows one to measure the total cross section with a systematic
uncertainty falling from 11.7% at 1500-1600 MeV to 6.1% above
1800 MeV. After VEPP-2000 upgrade it will be possible to per-
form a more detailed analysis of dynamics using higher statistics
and various charge combinations of the KKz 7 final state. We also
plan to improve K/m separation by using additionally ionization
losses in the xenon barrel calorimeter.
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