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The integrated luminosity & 4000nb=? of around ¢ meson mass (5.0x 10°0 f¢’s) has been collected with the CMD-
2 detector at the VEPP-2M collider. A latest analysis of the KK | coupled decays and search of CP-violating
decay n — n+ 7~ based on 30% of available data are presented in this paper. A selection of K — ntn— decays
demonstrated background from semileptonic K1 decays and the regeneration of K, into K at the Be vacuum
pipe. The regeneration cross section for 110 MeV /c kaons has been measured along with angular distribution.

1 Introduction

As it was realized at the very early steps of the
¢ meson studies at the colliding beam machines,
Ks K, pairs can be used for studying CP and CPT
violation. These suggestions, including studies of
quantum mechanical correlations, were discussed
in 12 for experiments at VEPP-2M 2, an electron-
positron collider at the Budker Institute of Nu-
clear Physics in Novosibirsk, Russia and carefully
reviewed by 4.

The ¢ resonance produced in ete™ colli-
sions can also be considered as a source of the

n,n’ mesons’ and the low momentum neutral and
charged kaon pairs for studies of nuclear interac-
tions.

The construction of the ¢-factories in Novosi-
birsk and Frascati 7 will make feasible new pre-
cise measurements of a possible direct component
in the decay Ky — nta~, 7% (¢ /e).

At the VEPP-2M collider with the peak lu-
minosity L &~ 5. x 10%%m~2s~! which could be
considered as a pre ¢-factory with the CMD-2 de-
tector some usefull measurements can be done to
prepare for running at the ¢-factories. An upgrade
of the collider to 10%2¢m~25~! luminosity has been
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planned for investigating the idea of the round
beams, an important ingredient of the Novosibirsk
¢-factory projectf.

The CMD-2 detector has been described in
more detail elsewhere >°. A 3.4 cm diameter vac-
uum beam pipe is made of Be with a 0.077 cm
wall thickness and may be considered as a target
for studies of the kaon nuclear interaction.

The integrated luminosity of 1500 nb=* (about
30% of available data) has been analyzed around
¢ corresponding to about 1.7 x 10° produced ¢’s.
Some preliminary results were published in 1°.

2 Selection of KsK coupled decays

Candidates were selected from a sample in which
two vertices, each with two opposite charge tracks,
were observed within 15 cm from the beam axes
and all tracks were reconstructed. An example of
such event is shown in Figure 1.

Figure 1: ¢ — KgK | event with coupled decay.

The cuts 470MeV/c? < M, < 525MeV/c?
and 80MeV/e < Pnis < 140MeV/é with an addi-
tional requirement to have another reconstructed
vertex in the Pp,;; direction select Kg — n+a~
events in one of the verteces. In this case K is
expected to be in the other one.

Figure 2a shows the decay length distribution
for selected Ks’s with the correct 0.5540.02 cm
decay length. The decay radius distribution for
the K’s with two charged tracks in final state
is shown in Figure 2b. At the flat region, where
reconstruction efficiency is uniform, a peak is seen
at the radius of 1.7 cm corresponding to the 79
=+ 18 of K1 ’s which interacted with nuclei in the
Be tube. The remain 1355 events are representing
K, decaying in flight.

To select candidates to K7 — w7~ events
additional cut requiring the invariant mass of two
tracks from a K, vertex to be in the range of 470-
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Figure 2: a. Decay length for Kg; b. Decay radius for K ;
c. Projected angular distribution for "tube"events (his-
togram), K semileptonic decays (points with errors and
K s two pions decays (shaded); d. Decay radius for K s
after Miny cut and after Kg selecting cut (shaded).

525 MeV/c? was applied. The obtained distribu-
tion is presented in Figures 2d together with the fit
function where all parameters except the number
of events are fixed at the values obtained from the
distribution in Figure 2b. The number of events
under the peak drops down to 31 £ 7 and 78 re-
mains from K decays in flight. One can apply
stronger requirements for these events to satisfy
K; — wmtx~ kinematics within detector resolu-
tion, i.e. 80MeV/c < Pnis < 140MeV/c and Ks
vertex in the Ppi, direction. This selection is il-
lustrated in Figure 2d by shaded histogram. The
peak at the Be tube survives with 20-+5 events and
35 K decays in flight remain.

The 28.5 & 6.4 events found in the peak after
the invariant mass cut and some efficiency correc-
tions are interpreted as regeneration of K into
Kg with its decay into 7+ 7~ and another 50+ 17
peak events represents nuclear interactions with
two visible charged particles.

Using simulated efficiencies for estimation of
full number of K, passed berillium pipe, the fol-
lowing cross sections for regeneration and visible
inelactic scattering have been obtained:
op =58 + 17 mb.
olis =77 £+ 26 mb.

inel —



The sources of the inelastic scattering events
are the reactions with £ and A production.
To estimate the total cross section, the relative
weight of these reactions was taken 0.21 from the
CERN GEANT code (NUCRIN). With the ratio
Ginel/Ttot = 0.5211, one can estimate o = 705
+ 238 mb.

A histogram in Figure 2c shows the projected
angular distribution for the regenerated at the
beam pipe Ks along with the background from
the semileptonic decays of K (dots with errors).
The obtained angular distribution is wider than
in the case of coherent regeneration which can be
illustrated by the shown shaded distribution for
original K5 decays at the same distance. But with
the available sample coherent contamination can-
not be extracted.

3 Discussion

The selection of candidates for Ky — nt 7~ events
faced two problems. First was a background from
the dominant semileptonic K decays which al-
ready was discussed in '? and seemed to be solv-
able with better DC resolution.

A second problem was relatively high back-
ground from nuclear interactions of K and regen-
eration effect which was first time experimentaly
observed for slow kaons.

In Figure 3a the experimental regeneration
cross section is plotted together with the theo-
retical calculations for Be and Cu performed in
11, The comparison of the calculated regenera-
tion cross sections for these two different mate-
rials shows, that at momenta below 200 MeV/c
one cannot scale them by a simple A*/3 depen-
dence. The experimental angular distribution of
the regenerated Ks after background subtraction
is presented in Figure 3b together with the fit func-
tion and theoretical prediction!! and seems to be
more narrow.

The obtained experimental value of the to-
tal nuclear cross section in Be for a 110 MeV/c
kaons is shown in Figure 4 together with the ex-
perimental data at higher momenta? and theoret-
ical calculations !!. The cross sections extracted
from GHEISHA and FLUKA simulation codes are
also shown. It is seen that the FLUKA code, as
well as the calculations from ! are in good agree-
ment with experimental data. The GHEISHA
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Figure 3: a. Experimental regeneration cross section and

theoretical calculations for Be and Cu; b. Projected an-

gular distribution of the regenerated K's with fit function
(solid line) and theoretical prediction (dots);

code gives completely wrong absolute value as well
as momentum dependence.
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Figure 4: Comparison of the total experimental K nu-
clear interaction cross section in Be with the theoretical
calculations and simulation by different codes.

After publishing our preliminary results'?, the
regeneration influence was discussed for the €'/e
measurement planned in KLOE detector'?, It was
shown that the total regeneration probability in
the KLOE drift chamber after an acoplanarity cut
(factor of 4 rejection) was 10~* that should be
compared with 2 x 102 probability for the ”nor-
mal” CP violating Kz — 7 decay and = 107
probability for the direct CP violation decay.
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The regeneration itself does not give any de-
cay asymmetry expected for the direct CP violat-
ing K decay, but the acoplanarity cut as well as
another selection cuts applied separately to 7% 7~
and 7970 final states with a different resolution
(DC for the first and calorimeter for the second)
can cause systematic asymmetry due to the broad
angular distribution of the regenerated events.

4 Search for n = 7+ 7~ decay

As it was mentioned before, the radiative ¢ — 7y
decay can be concidered as a source of 77 mesons,
acompanied with 362 MeV energy gamma.

With analyzed luminosity integral 28056 7's
were produced. The selected 7t 7~ events* can
be used to search for CP violation decay n —
x+x~. This decay can be seen as a peak in the
photon energy histogramm at the 362 MeV region.
Figure 5 shows photon energy distribution after
constraind fit and some additional cuts to reduce
¢ — 3m backgroung. Shaded histogramms show
simulated signals from n — nt#n~ decays before
and after constraind fit. The detection efficiency
for these events was found by simulation to be
9.940.9%. No signal was seen in the experimental
distribution and upper limit was found to be:

B(n—=#tr") < 2.1x 1073
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Figure 5: Photon energy for ¢ — w+m~~ events to search
for n =+ 7t 7~ decay. Simulated signals before and after
constrained fit are shown shaded.

5 Conclusion

With the CMD-2 detector. the coupled KsK de-
cays have been observed for the first time.

The measured values of the cross sections in-
dicate that regeneration will cause an additional
background for the CP-violating decays of K at

the ¢-factory experiments and should be carefully
studied to avoid systematic errors.

The search of CP-violation decay n — nt#~
based on about 28000 ns was performed.
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