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Abstract ; The results of the study of e e —K" K™ 7 process with the CMD-3 detector are reported. The
analysis is based on an integrated luminosity of 22 pb~' collected by the CMD-3 in 2011-2012. It was
established that only ¢ (1020 ) 7 intermediate state can be recognized at the current level of CMD-3
statistics. The cross section of e e” —¢ (1020) n process was measured at 30 center-of-mass energy
points in the range from 1.59 up to 2.0 GeV. The 1 meson was treated as a recoil particle and all the
modes of n decay were used. A total of 1454 £48 events of signal process were selected. The measured
cross section was approximated according to vector meson dominance model as a sum of ¢ (1680) and
nonresonant amplitudes, and the preliminary results for ¢ (1680) meson parameters have been obtained.
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0 Introduction

The measurement of the cross section of e"e” —
¢ (1020)n—K* K™ 7 process provides an opportunity
to refine the parameters of ¢(1680) meson. Also it is
needed for the improvement of the accuracy of the
hadronic contribution to the (g —2)/2 of muon. The
process has been studied earlier by the BaBar

Collaboration in the c. m. energy (E,, ) range from

1.56 to0 3.48 GeV in the n—27y decay channel'' | and
in the energy range from 1.56 to 2. 64 GeV in the n—
a7 7 decay channel”’. It was found that the main
intermediate mechanism is e” e~ — ¢ (1680 ) —
$(1020) 7, whereas the cross section of so-called non-
¢ (1020) 0 part of the process(i. e. with kaons, which
have the invariant mass M, (K ,K™) >1045 MeV/¢”)
is an order of magnitude lower. The statistics was not

enough to study the dynamics of non-¢ (1020) 7§

contribution.

We performed the study of e* e - K" K™ 7
process with the CMD-3 detector. The structure of the
detector and its physical programm are described

[34
elsewhere >’

. The analysis is based on an integrated

luminosity of 22 pb ™' collected by the CMD-3 in 2011-
2012.

1 Study of e" e — K" K™ 5 with
CMD-3

1.1 Selection of K* K™ n final state

To select kaons in the K* K™ 7 final state, we
search for a pair of beam-originating tracks, which
have zero net charge and ionization losses dE/dx in the
drift chamber, typical for kaons with corresponding
momenta. For the selected pair we calculate the energy
disbalance AE .

AE=E. + E( +

(_TJK+ _Pkf)z"'mi -2E,,., (1)

which represents the total energy of the final particles
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minus twice beam energy under the assumption that the
missing particle is 7 meson. The AE distribution peaks
at zero for signal events, so it is used to extract the
number of these events at each £, point.

To search for non-¢ (1020 ) mechanisms in n—
2y mode, we perform a 4C kinematic fit with all the
pairs of photons, and choose the pair having the lowest
X'- We apply the conditions M, (K", K™ ) > 1045
MeV/c¢® and y* < 25. We find 10 events in the
experiment ( see Fig. 1, (a) invariant mass of the pair
of photons, (b) invariant mass of the pair of kaons,
(¢) energy dishalance AE, (d) y* of the 4C kinematic
fit) , whereas 15.2 events of the e "¢ " —¢(1020) n—
K* K™ 2y process are expected according to the
simulation. Thus, on the basis of the data collected by
CMD-3 in 2011-2012 we

contribution of any other intermediate mechanisms,

cannot recognize the
except e “e " —@(1020) . Moreover, we suspect that
the events, which in BaBar study''’ were considered as
non-¢p ( 1020 ) n part of the process, are in fact the
events from the tail of ¢(1020).
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Fig.1 The experimental ( markers with error bars)
and simulated (open histograms) distributions

To select kaons from ¢(1020) decay, we apply to

the selected pair of kaons the condition
M, (K*,K™) <1070 MeV/c*. Also we search for the
other beam-originating tracks with dE/dx, typical for
pions. Fig. 2 shows the dE/dx for the selected kaons
and pions. It can be seen, that there is no significant
particle misidentification ( the selected candidates for
kaons( dots) and pions( crosses) in the experiment).
1.2 Background processes

If the parameter AE belongs to the range from
—180 to 150 MeV, the estimations of the expected

number of events ( according to the cross sections
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Fig.2 The distribution of energy losses vs particle momentum

measured by BaBar''>') show that the only significant
background processes are: e*e” —¢(1020)f,(500) ,
K** (892) K* #° > K" K #'#°, e" ¢ —
K"K~ a7~ . As for the latter process, its contribution
can be almost completely suppressed. Indeed, if in the
event that two charged pions were found, we use a
distribution of M, 0, parameter ( Fig. 3 ),
representing the missing mass for the two kaons and two
pions. The events of e e —K*" K™ 7" 7~ process are
concentrated near the origin of coordinates, and for the
suppression of the background we apply the condition
M >100 MeV/c’.

charged pion was found, we use a distribution of

If in the event that only one

missing2 K27
missing2ky PArameter (Fig. 4) | representing the missing
mass for the two kaons and one pion. In this case for
the background suppression we apply the condition
M >300 MeV/c’.
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Fig.3 The distributions of the M ..., parameter

In the experiment ( markers with error bars) ; for
the MC of the signal process (filled histogram). The
number of events at each bin of the simulated histogram
corresponds to the expected number of events in this

bin. All the energy points £ are combined.

m.

The distributions of the missing mass M _,.ox and
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Fig.4 The distributions of the M, ;...x,, parameter

the invariant mass M. (K", K™ ) of two kaons for the

inv

experimental and simulated background events are
In the
experiment ( markers with error bars) ; for the MC of
$(1020) 7° ( cross-hatched histogram ), K* K~ o
(hatched histogram) , ¢(1020)f,(500) —>K* K™ 77’
(dotted line) , K** (892)K™ 7’ —K*" K™ #’#° (dotted
K" K 7" 7~ ( filled

histogram ) , sum of backrounds ( solid line ). All

shown in Figs. 5 and 6 correspondingly.

histogram ) , processes

are combined.
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Fig.5 The distributions of the M, ;... parameter

1.3 Number of signal events

The distributions of simulated signal and
background events in AE are fitted at every point of
energy. For the signal events the fitting function is the
sum of three Gaussian functions with different mean
values and widths, the widest of which describes the
radiative tail of the distribution. The simulated sum of
backgrounds is fitted by a second-degree polynomial.
The functions found are used to fit the distribution of
experimental events in AE with three free parameters;

The amplitude and position of the signal function, and

Min( K ,K) / (MeV-c?)

Fig. 6 The distributions of the M, (K* ,K~ ) parameter

inv

the amplitude of the background function. The integral
of the signal function gives the number of signal events
at a given energy point (N, (E,, )). So we get the
~ 1454 +48 events in
the experiment. As an example the procedure of signal-

=1.96 GeV is shown in

total number of signal N

signal , total

background separation at £
Fig. 7.

c.m.

2 oA 0 STy K Kpfp

KWpt=K kolpt

Number of events

|| =
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Fig.7 The distribution of AE parameter

In Fig. 7, the distribution of AE parameter at
E.. =1.96 GeV: in the experiment ( markers with
error bars) ; for the MC of ¢(1020) 7 process ( cross-
hatched histogram ) ; for the MC of K™ K~ @ process
(hatched histogram) ; for the MC of ¢(1020)f,(500)
—K" K~ 7’7" process (dotted line) ; for the MC of
K**(892) K" 7° K" K™ 77" process ( dotted
histogram ) ; for the MC of K"K~ 7" 77~ process (filled
histogram ). Also the fit of the experimental
distribution (' solid line) and the fit of background
(dashed line) are shown.

1.4 Cross section of e "¢ " —¢(1020 )5 process

The cross section of the e™ e” — ¢ (1020 ) 5

process was calculated at each K, according to the
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expression ;

T 4102000 =
]Vsigna] - (1+6,4)
Leey ey (148,) - B(¢p(1020)—>K"K™)
where L is the collected luminosity at the fixed energy

(2)

rad

point, &y is the efficiency of registration of the events
of the signal process, determined from simulation, 1 +
8. 1s the correction to the efficiency of registration,
Eyig 18 the efficiency of trigger, and (1 +6,,) is the
radiative correction. The results of calculation are

presented in Fig. 8 along with the BaBar data.
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Fig.8 The cross section of e " ¢ ~—¢ (1020 )5 process

CMD-3 results, based on the data collected in
and in 2012 ( squared

markers) years; BaBar results, measured in n—2y

2011 ( circular markers )

mode (triangle markers) .
1.5 Approximation of the cross section
We fit the

parametrization, as that was used in BaBar study '’ ;

cross section using the same

n.r.

A¢<1020>n +

T 4(1020)y = 127TP¢<1020>7,(5) | S

Fq;( 1680) o Poi6m)

/ P (M)
i, e L) 3

s —th(,&m +1 /;F¢(16w)(s)
Here P, 0, is the ¢ (1020) n phase space,

Ay i), describes the possible contribution of some
resonance below the reaction threshold ( presumably, it
might be ¢ (1020) ), and the second term under the
module sign describes ¢ (1680 ) — ¢ (1020 ) 5
contribution in accordance with the vector meson
dominance model. We perform a fit of CMD-3 data
together with the BaBar data for ¢. m. energies from

2.3 t0 3.46 GeV, taken from Ref. [ 1 ] (which allows

to fix the A} o), term) , and a fit of BaBar data. The
preliminary results for the ¢ ( 1680 ) parameters,
derived from the fit of CMD-3 and BaBar data, are
listed in Tab. 1.

Tab.1 Results of the cross section approximation

Parameter BaBar CMD -3

xX/n.d.f 40.0/44 56.9/54
e petes. eV 111.2 £17.0 115.4 +17.4
M g 1650,/ MeV 1682.3 £10.0 1666.6 +7.3
Ty (1680)/MeV 175.8 +38.0 222.7 £42.6
o™ /nb 2.92+0.7 2.50 +0.67
Y (1680) -1.33£0.12 -1.1+0.12
APr/(nb - GeV') 0.11 £0.02 0.095 +0.016

2 Conclusion

We established that in the e e - K" K™ 7
process only ¢ (1020 ) % intermediate state can be
recognized at the current level of CMD-3 statistics. The
cross section of e” e” — ¢ (1020) n process was
measured at 30 center-of-mass energy points in the
range from 1.59 up to 2.0 GeV. The total of 1454 +
selected. The

measured cross section was approximated according to

48 events of signal process were

vector meson dominance model as a sum of ¢ (1680)
and nonresonant amplitudes, and preliminary results

for ¢ (1680) meson parameters have been obtained.
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