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The phenomenological structure of inclusive cross-sections of the production of two neutral K

mesons in collisions of hadrons and nuclei is investigated taking into account the strangeness
conservation in strong and electromagnetic interactions. Relations describing the dependence
of the correlations of two short-lived and two long-lived neutral kaons K K2, K{ K? and the
correlations of "mixed" pairs K § K} at small relative momenta upon the space-time parameters
of the generation region of K° and K° mesons have been obtained. It is shown that under the
strangeness conservation the correlation functions of the pairs K2 K2 and K? K?, produced in
the same inclusive process, coincide, and the difference between the correlation functions of the
pairs K2 K2 and K2 K? isconditioned exclusively by the production of the pairs of non-identical

neutral kaons K°K'°. Analogous correlations for the pairs of neutral heavy mesons D, B and
BY, generated in multiple processes with the charm (beauty) conservation, are analyzed, and
differences from the case of neutral A" mesons are discussed.
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1. Consequences of the strangeness conservation for neutral kaons

In the work [1] the properties of the density matrix of two neutral K mesons, following from
the strangeness conservationin strong and el ectromagnetic interactions, have been investigated. By
definition, the diagonal elements of the non-normalized two-particle density matrix coincide with
the two-particle structure functions, which are proportional to the double inclusive cross-sections.

Due to the strangeness conservation, the pairs of neutral kaons K °K° , KK and K°K°
are produced incoherently, i.e. the non-diagonal elements of the two-kaon density matrix between
the respective states are equal to zero. However, the non-diagonal elements of the density matrix
between the two states | K °) (P | K0)(P2) and | K©) (P | K0)(P2) with the zero strangeness ( p; and
p2 are the kaon momenta) are not equal to zero, in general.

Theinternal states of K° meson (strangeness S = 1) and K° meson (S = —1) have the form:
|K0) = % (IKQ)+|KD)), |K° = % (IK2) —|K?)), where K¢ isthe short-lived neutral kaon
( C'P-even state ) and K¢ is the long-lived one ( C'P-odd state ) — neglecting the small effect of
C'P non-invariance . Meantime, the C'P parity of the system K Y K isalways positive[2].

The system KKV in the symmetric internal state ( even orbital momenta ) is decomposed
into the schemes |K'%)| K2) and |K9)|K?), and in the antisymmetric internal state ( odd orbital
momenta ) —into the scheme | K 2)|K?) [2].

The strangeness conservation leads to the fact that all the double inclusive cross-sections of
production of pairs K2K?2, KY K? and K2K? (two-particle structure functions) prove to be in-
variant with respect to the replacement of the short-lived state K ¢ by the long-lived state K ?, and
viceversa[l]: fss(pi,P2) = frr(P1,P2), fsr(P1,P2) = frs(P1,P2). Indoing so, we have:

fSS(p1 , pz) — fSL(p1 , pz) = Re PRORKO _LFKOKO (p1 , pz), where PRORO L KOKO (p1 , pz) isthe nonze-
ro non-diagonal element of the two-kaon density matrix.

2. Pair correlationsof identical and non-identical neutral kaonswith close momenta

Now let us consider, within the model of one-particle sources [2-7], the correlations of pairs
of neutral K mesons with close momenta ( see also [8-10] ). In the case of the identical states
K¢K9 and K9 K¢ we obtain the following expressions for the correlation functions R ss, Rrr,
(proportional to the structure functions), normalized to unity at large relative momenta:

Rss(K) = Rpp(K) = Agogo [14 Fro (2K) 4+ 2bine (K) ]+

—I—/\R'OR'O 1+ FR’O (2'() + QI;int(k) + /\KORO [1 + FKORO (2'() + QBth(k)] . (21)

Here k isthe momentum of oneof thekaonsin thec.m. frame of the pair, and the quantities A jo o,
Moo and Ao o are the relative fractions of the average numbers of produced pairs K °K°,
K°KY and KYK?, respectively (Axoxo + Agogo + Moo = 1) . The "formfactors’ Fro (2K),
Fio(2k) and Firo 0 (2K) appear dueto the contribution of Bose statistics, and they are determined
by averaging cos(2kr) over the probability distributionsof distances between the sources of emis-

sion of two K ° mesons, two i ° mesonsand the £ ° and K° mesons, respectively, inthec.m. frame
of the kaon pair — W o (1), Wo (r) and W o zo (r) . Meantime, the quantities by, (), bin (k) and
Bine (k) describe the respective contributions of the S-wave interaction of two K ° mesons, two
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K° mesons and of the K° and K° mesons. Due to the C' P invariance, the quantities b;,,(k) and
bins (K) have the structure: bin(K) = [ Wieo (N0(K, 1), bing(K) = [Wio(r)b(k,r)dr ( the
function b(k,r) isthe same ). But: Bin(K) = [ Wiy o (r)B(k,r)d?r, where B(k,r) # b(k,r).
The function B(k,r) isexpressed through the parameters of low-energy K ° K -scattering [10].

L et us emphasize that when the pair K ° K isproduced but the pair of identical quasistationary
states K2 K2 (or K9 K?) isregistered over decays, the two-particle correlations at small relative
momenta have the same character asin the case of usual identical bosonswith zero spin[2].

For the pairs of non-identical kaon states K 2 K9 the correlation functions have the form:

Rsp(K) = Rps(K) = Agogo [14 Fro (2K) 4+ 2bine (K) ]+

—I—AR'OR'O 1+ FR’O (2k) + QIN)int(k) + /\KOR'O [1 — FKO KO (2'()] . (22)
In accordance with Egs.(2.1) and (2.2), the following relation holds:
Rss(k) — Rgsy, (k) =200 [FKOR'O (2k) + Bing (k)] . (2.3)

So, the difference between the correlation functions of the pairs of identical and non-identical
neutral kaons K3 K2, K2K? isconditioned exclusively by the generation of K °K° -pairs.

3. Correlations of neutral heavy mesons

Formally, analogous relations are valid also for the neutral heavy mesons D°, B° and BY.
Here therole of strangeness conservationis played, respectively, by the conservation of charm and
beauty in inclusive multiple processes with production of these mesons, and the quasistationary
states are also states with definite C' P parity ( neglecting the effects of C' P nonconservation ), e.g.
|BS) = 5 (IB°)+1B%), CP paity (+1);  |BY) = J5 (IB%) — |B%), C'P parity (-1).

The difference of masses between the respective C' P-odd and C' P-even statesis very insignif-
icant in all the cases, ranging from 10~% MeV for K° mesons up to 10~® MeV for BY mesons.
Concerning the lifetimes of these states, for K ° mesonsthey differ by 600 times, but for D°, B°
and BY mesons the respective lifetimes are aimost the same. Thus, it is practically impossible to
distinguishthe statesof D°, B° and BY mesons with definite C'P parity by the difference in their
lifetimes. These states, in principle, can be identified through the purely ' P-even and €' P-odd
decay channels; however, in fact the branching ratio for such decays is very small. For example,
Br(D° = 7t77)=1.62-1073(CP=+41); Br(D°—KtK~)=4.25-10"3(CP=41);
Br(B? — J/U 7% <1210 (CP=+41); Br(B° = J/W K% =9-10"*(CP=-1).

Just as for neutral K mesons, the correlation functions for the pairs of states of neutral D, B
and B, mesons with the same C'P parity (Rss = Ryr) and for the pairs of states with different
C'P parity (Rsz,) do not coincide, and the difference between them is conditioned exclusively by
the production of pairs D° DY, B® BY and BY B?, respectively; e.g., for BY mesons we have:

Rss(K) = Rsp(K) = 2Agogo | Fpopo (2K) + Bint(K) | ; (3.1)
here Ao go istherelative fraction of generated pairs BYBY, and the contributionsof Bose statistics

( Fpopo(2k) ) and the S-wave BYBY -interaction ( Biy (k) ) are determined analogously to the
case of K°KO-pairs ('seeSection?2).
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