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1. Introduction

The procesg"e” — KTK~ " has been studied at DM1 [1], DM2 [2] and with much
larger effective integrated luminosity at the BaBar by ISR [3, 4]. Studgrofiuction dynamics
with BaBar exhibited complex resonant substructukesi —p, K*Kr, ot i, K1K etc.). Part of
ete” — KTK~ " intermediate states were studied by the Babar collaboration, but it is possible
to make a more detailed analysis of this dynamics with the CMD-3 detector [5].

Precise data on the cross sectiongoé~ — hadrons are also required to evaluate the muon
anomalous magnetic momest = (g—2),,/2. In the case oa';,ad, the VEPP-2000 energy range
gives the major contributionr~ 92%) both to the value of the hadronic vacuum polarization itself
and to its uncertainty. Using isospin relations, based on value af'tete — K™K~ " m cross
section the contributions from variowsK 77T final states in the energy range up to 2 GeV are
estimated to b&3.314+0.58) x 1071° [6]. So the independent measurements of ¢he™ —
K*TK~ " cross section with high precision are very important.

The presented result on tiete™ — KK~ m~ cross section is based on 22 pkof data
collected with the CMD-3 detector at the VEPP-2000 collider [7] in the c.m.ggnemge from
1.5to0 2.0 GeV. The luminosity is measured using events of Bhabha scattelamgeaingles [8].

An important feature of this analysis is two independent approachesdat selection. The
first one, based on the difference between pion and kaon ionizatiaslwsthe Drift Chamber [9],
will be discussed in the second section. The second, based on thg-emargentum conservation,
will be described in the third section.

2. Kmrseparation

As one can see from Fig. 1, the ionization losses of pions and kaons inrifin€CBamber
are significantly different. Therefore K separation is based on the analysis of the likelihood
function using information about ionization losses (dE/dx) in DC. The gritibadensity function
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Figure 1: Pion and kaon ionization losses in DC vd-igure 2: PDF of pion and kaon ionization losses
particle momentum. in DC for the momentum interval from 400 to 450
MeV/c.

(PDF) with momentum and dE/dx as arguments is constructed for kikqpsdE/dx) and pions
f(p,dE/dX):

fk n(p, dE/dX) = Ng x G(< dE/dX >, 0g) + Ng x Gl(< dE/dx >, 0g|, n).



Study of the process e e~ — K™K~ ™~ with the CMD-3 detector D.N.Shemyakin

where G(< dE/dx >, 0g) is the Gaussian functiorGl(< dE/dx >, 0gl,n) is the logarithmic
Gaussian function. The latter is necessary to describe the tails of the distrilofi the ioniza-
tion losses. The average ionization losses <dE/dx>, standard deviatiosusd og|, asymmetry
n, amplitudes N and Ns depend only on a momentum. The PDF parameters are determined by
approximation of the dE/dx vs momentum histogram. First of glb,dE/dx) is determined using
asample of tes™e™ — m" " events, therf (p,dE/dx) function is determined using a sam-
ple of testete” — KTK~ " events with fixedf(p,dE/dx). This procedure was performed for
simulated and experimental data at each energy point. The example of Pidwis & Fig. 2 as
a smooth curve line for momenta 400 - 450 MeV/c.

The likelihood function kk ) is defined as:

[ fe, (p,dE/dX)
i [ (P, dE/dx) + fﬂ<(p>dE/dX)])7

wherei - track index,a; - supposed typeK( or n) of particle, which is produced by therack.
The Lkk 7 is constructed for events with three or four tracks in the Drift Chamberasi index
changes from 1 to 3 or 4, respectivelk 7 is constructed under the assumption that each eventis
aKTK~ " event, so two tracks should be identified as kaons and other two as plerefdre,
taking into account all the permutations and charges of the partigdes;; receives four different
values for each event. The most probable combination of particle typeisiesa maximum of this
function. The distribution of such defined maximum valueg,gf ;; for experimental data shown

in Fig. 3. The open histogram corresponds to all four-track events uheldnatched one and
shaded tar" " m andK K~ " 1~ events respectively. It is seen that the likelihood function
value is a good parameter to selece™ — KK~ " m events from background. The condition
for the Lxk sz value to be larger than 2 was chosen as a mild condition, which allows to suppress
background by a factor of 20 and preserve more than 99% of usaefotse

Lk = LOg(
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Figure 3: Distribution of the maximum likelihood Figure 4: Scatter plot of the difference between the
function (Lxknn) value for the four-track events.total energy and c.m. energk,) versus the total
The open histogram corresponds to all four-traakomentum for four-track events. The upper cluster
events, the hatched one domasm m"mm events of dots representa™ m ™ i while the lower one
and the shaded oné-"K~ " 11~ events. -KTK= " events.

3. Selection of ete™ — KTK~mtm events

Candidates for the process under study are required to have in th€baiftbber three or four
tracks coming from the interaction region. Momentum of charged paijdedefined according
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to the track curvature and angles reconstructed in DC. After the typestidlps in three- or four-
track events were defined using method described above, the totay &xgrand total momentum
Rot could be used for selection of four-traeke™ — KTK~ "~ events. They are defined as:

4 4
i=1 i=1

Figure 4 shows a scatter plot of the difference between the measureeértetgy and c.m. energy
AE4 = Eiot — Ecm VS the total momentum for events with four tracks. The conditior_fqqr is
not used for events on this histogram. The signal events locate neaorzéne vertical axis and
near zero on the horisontal axis. The another cluster of events wittoaaal momentum but
shifted up the vertical axis, correspondstorr rr" 71~ events. The conditions akE, andR; for
the signal events were chosen as:

—100MeV < AE4 < 100MeV, Pyt < 100 MeV/c.

Energy deficit should correlate with the total (missing) momentum for the thae&-candi-

dates. The track loss can be caused by the DC reconstruction inefficielimited DC acceptance.
Using the total momentum of three-track candidates, the energy of a missiidepaas calcu-
lated and added to the energy of three detected particles. The diffdretween the obtained
energyAEs. 1 and c.m. energy is shown in Fig. 5. Here the condition onlthe; is applied.
A signal events are clearly seen near zero. To obtain the numb€rt ¥f "~ events from a
three-track sample, the histogram was fitted with a sum of two Gaussian disinibéor a signal
peak and a quadratic polynomial for background in range fré&280 MeV to 200 MeV. Variation
of fitting functions for the peak and background leads to about 3% taiogr in the number of
signal events.

As a result,~13300 four-track events and16000 three-track events were selected. To ob-
tain a detection efficiency, tH€ K~ 1~ events were simulated with a primary generator using
the GEANT4 package and then reconstructed with the same software ernexptal data. Pro-
duction mechanisms with the"K—p, KK — K*1iK, ot m andK*K* interfering intermediate
states are used for the primary generator to describe angular and mbvagas distributions of
the experimental data. The total detection efficiency takes into accounotiebations of dif-
ferent intermediate states based on the approximation of the experimenikdreargd momentum
distributions. A phase space model was also considered and excludeduftther consideration
because it contradicted to all studied distributions.

4. Cross section calculation and Summary

At each energy point the cross section is calculated as

_ Natr + Nagr
L-g-(1+9)’

wherelL is the integrated luminosity is the detection efficiency, and + d) is the radiative
correction calculated according to [10, 11]. The detection efficiencyp@ia50-60 % and is
basically determined by detector acceptance. The radiative correctiattdynimcreases from 0.8



Study of the process e e~ — K™K~ ™~ with the CMD-3 detector D.N.Shemyakin

100F =
- e 2 5F
ol KK TeT 2 Lt
i L 4 o —T{"’Ll +-
5 d g’
60— 7] o < i
- % 3 |
- o 4
- oy F _—
aof-, - TOTOTTTC R
:rr*nn“rrrrom],iK*K Tty 2 .
F rerereren, KK rF\ B —
20~ To s = —y
= —t
C u A L L L C =2 “rcamnd L L L L L
-400 -200 0 200 400 600 1600 1700 1800 1900 2000
Eqicren2 Egeam MV Ecm., MeV

Figure 5: The histogram of the difference betweerrigure 6: Dots show the eete™ — KK~
the calculated energy of the fourth partidd&s,; cross section measured with the CMD-3 detector.
and c.m. energy. The BaBar results are shown by open circles.

to 0.98 in the studied energy range. The cross section as a functionrgyempresented in Fig. 6.
The cross section maximum value~s4.5 nb. Systematic errors are under study and are currently
estimated as 7%. The main uncertainty is due to model dependence of the dedatiency.

The obtained cross section agrees with the previous measurement byBhe@allaboration [4]
presented by open circles.
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