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1. Correlations of pairs of neutral A mesons

V. L. Lyuboshitz, V. V. Lyuboshitz (2007) // Pis’'ma v EChAYa, 4, Ne5 (141) 654

» Internal states of the neutral kaon with definite strangeness:
K% (S=1), [K®) (S=-1)

* Internal states of the neutral kaon with definite CP parity
( neglecting weak effects of CP nonconservation ) :

Ks) = —= (k") + k")) == CP = +1, short-lived neutral kaon
Ve decaying into two T mesons ;
[K7) = — (A7) = [K")) '——  CP = -1, long-lived neutral kaon

Ve decaying into three 1 mesons .

In inclusive processes with strangeness conservation, pairs
K°K® (§=2), K°K® (§=-2) are generated incoherently. The internal
state of pair K°K® (S =0) is non-factorizable at given momenta P1, P2 :



non-diagonal elements of the density matrix between the states
(KOyeD o poyen@nd | provien o oyez) - @re not equal to zero .

As follows from the Bose symmetry with respect to full permutation, CP
parity of the system K°K?° is always positive ( C = (-1)-,
P=(-1)-, L is the orbital momentum ).

Symmetric internal state of the pair K°K®° , corresponding to even

orbital momenta :
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( Decomposition into the schemes KJKJ and KK )
Antisymmetric internal state, corresponding to odd orbital momenta :
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( Decomposition into the scheme KK )

At the selection of the pairs of neutral kaons over decays, the structure
functions ( double inclusive cross sections) are invariant with respect to
the permutation of momenta [, and P, and replacement K < K/,

Jss(P1:P2) = fro(P1:P2) = fse(pPi.P2) + Beprogo s gogo(P1s P2)

pProResReR = Progesioie == NON-diagonal element of the density matrix
of two neutral kaons

« Pair momentum-energy correlations of neutral kaons with small relative
momenta

In the framework of the conventional model of one-particle sources,
correlation functions R and R, , normalized by 1 at large momentum

differences: :
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K - momentum of one of the kaons in the c.m. frame of the kaon pair,
Arowes AReros Aneie gre relative weights of the pairs K°K°, K°K?, K°K®°

(| Arero + Agogo + Agoge = 11) |
«Form factors»  Fio(2k). Fra(2k), Fioo(2k) -~ describe the contribution of Bose
statistics without taking into account final-state interaction ;
bt (K) Eint(IZ) —> S —wave interaction of two K° mesons
and two K° mesons ; Bim(IZ) — S —wave interaction between the

K° meson and K ° meson .

« |f a pair of non-identical neutral kaons K°K?° is generated, but the
states KsKg (or K/K{ ) are registered over decays, then the two-

particle momentum-energy correlations at small relative momenta have
the same character as in the case of ordinary identical bosons ( pions )

with zero spin .
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For pairs of non-identical states  °k ?

fi:"i']'.[l"':] — Jri':.f-.“"-'[k-:' — -fh'-,h"' o | 4+ -Ir'-h'-- ';il{.l + Elf!Jim':-l":] ] Ll
_f}".f'{*' IO 1 + !r'1,r,.'nlih_’1{] + |E.rmI1 |k_| -+
+A oo [1 — Frogo(2k)]

At the generation of pairs of non-identical neutral kaons K°K®

and registration of the state K;K | over decays, pair correlations
are analogous to the correlations of identical fermions with equal

spin projections ( since in this case the pair K K has odd
orbital momentum ) .

Rss(k) — Rsr(k) = 2 Apogeo [ Fropo(2k) + Bine(k)]

The difference between the correlation functions for pairs of identical
neutral kaons KJK?] and pairs of non-identical neutral kaons K JK
is conditioned exclusively by the generation of K°K° pairs .
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. Form factors F.,(2k), F.(2k), F..(2k) and functions b, (k), b, (K)

and Bim(lZ) contain the information on space-time parameters of the
generation region of neutral kaons and tend to zero at large relative
momenta q=2|k]| :

!r"lr\'l.l |r:_’]!"-.-.J — /\li'-,f-._"-' l:_ l‘.:l ':'[.Ji";l:.-._:k].‘.] l'-lll:jr'. !rsh-l.l |r:_'.]!‘-.-.J — /\1"-}_"“ |:_ I.‘:I f'[.:'i'“:.-._ikl‘.] {Jll:j[‘.

Fioro(2k) = / Wieo ro(r) cos(2kr) dr.

'!!f"im[.k] — /[1-1’-L'-J[1‘1.|'!!J'[k~F]“r:!ll‘. lEJint[k.:l — /\[1.1'\.'-.[1‘] fi[k.r;ld'::l".
(due to CP invariance bik.r) = bik.r) ) ;

!};'i.]H 'I{l — / 11-!“..-"1"..-" ir)Hik. r ]"-'I:‘!i[",

Wilr), Weelr), Wiego(r) gre the distributions of distances between
: : 1/ 0
sources of emission of two K°mesons, two K’ mesons, a K° meson

anda K" meson, respectively --in the c.m. frame of the kaon pair .



« Connection of the contribution of final-state interaction into the pair
momentum-energy correlations of kaons at small relative momenta with
the parameters of S -wave low-energy scattering

R. Lednicky, V.V. Lyuboshitz, V.L.Lyuboshitz (1998) // Yad. Fiz. 61, 2161

Approximate formula :

fffk. [‘-:l == I_ | 1."."’.71'“4.71"'.’\."’ [-.'lll'-]l-_I T | 1._|r.l'| I A_Ir.l"lllr.h"l_.[u'[u':' = J — T
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explihr) cos kr )

r

+-._: I{!" ( : 1._|r..'..| Jo0 s o0 R0 I_ |'!-|:|
k=lk|, r=|F|, Axorosrorelk). - amplitude of S -wave elastic

K°K°- scattering ; '+~ ~ M1 amplitude of the reaction KK~ — K°K’
at the momentum of final K° meson equaling K in the c.m.s. of pair K°K®

( cross section of the process KK~ — K°K”
.L.

Trot k- ool k) = 4m | Aps - Lo e (B =,

k= \/k*+(mi—mi) - momentum of the charged kaon in the c.m. frame .
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2. Correlations of pairs of neutral heavy mesons

Formally, analogous relations are valid also for the neutral heavy
mesons D° , B° and BSO . In doing so, the role of strangeness
conservation is played, respectively, by the conservation of charm and
beauty in inclusive multiple processes with production of these mesons .
In these cases the quasistationary states are also states with definite
CP parity, neglecting the weak effects of CP nonconservation .

|B%) +|B®)

|B§>: CP parity +1:
\/E ) p y )

For example,

B2)-IB") . cP parity — 1
|BY) = : parity :
J2

In accordance with the mechanism of mixing a particle with the
respective antiparticle due to weak interaction through the exchange of
two virtual W bosons, states with CP parity (— 1 ) have the greater
mass and the larger lifetime than states with CP parity ( + 1 ) . The
difference of masses is very insignificant in all the cases, ranging from
10-'2MeV for K mesons upto 10-8 MeV for B? mesons.
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« Concerning the lifetimes, in the case of K° mesons they differ by 600
times, but for D° | B® and B, mesons the respective difference is very
inconsiderable. In connection with this, it is practically impossible to
distinguish the states of D°, B?and B? mesons with definite CP parity by
the difference in their lifetimes. These states, in principle, can be
identified through the purely CP-even and purely CP-odd decay
channels; however, in fact the branching ratio for such decays is very
small. For example,

Br(D° > n*n” )=1.62-10" (CP =+1) :
Br (D° > K*K™)=4.25-10" (CP =+1) -
Br(B)—> J/¥ n°) <1.2:107° (CP=+1);

Br(B’ > J/¥ KJ) =9-10" (CP=-1);
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Just as in the case of neutral K mesons, the correlation functions for the
pairs of states of neutral D, B and Bgmesons with the same CP parity
( Rss =Ry L) and for the pairs of states with different CP parity (Rs. ) do
not coincide, and the dn‘ference between them is condltloned exclusively
by the production of pairs D D’ , BB and B B , respectively. In
particular, for BO mesons the foIIowmg relation holds

Rss (K) = Rg (k) =2 Kngso | Fngso (2K) + Bt (K) |

here 7L80§o is the relative fraction of generated pairs ngso

S ™S

3
Fyogo (2K) = J' Wyogo (1) cos (2kr) d°r

Bin (K) = [ Wysgo (M) B(,r)d’r

1
B(K,r) = Agogs (k) | 7 +2Re ( Agogs (k)

exp (ikr) cos kr )
r b)

where A, BO(k) Agogo_, g0 BO(k) is the amplltude of S-wave B BO- scattering,
k=|k]|, Sr =|r]. Let us remark that the B and BSO mesons do not have
charged partners ( the isotopic spin equals zero ) and, on account of that,
in the given case the transition similarto K*K~ — K°K° s absent .



Summary

 The phenomenological structure of inclusive cross sections
of production of two neutral K mesons in collisions of
hadrons and nuclei is investigated taking into account
strangeness conservation in strong and electromagnetic
interactions. As follows directly from strangeness
conservation, the double Inclusive cross sections of
production of two K mesons and two K J mesons coincide.

« Within the model of one-particle sources, the
phenomenological formulas for the correlation functions

Rss=R.  and Rs.=Ris, involving the contributions of
Bose statistics and S- wave strong final-state interaction for
two K° (K°) mesons aswellasfor K° and K° , and
depending on the relative fractions of generated pairs
K°K®?, K°K® and K°K°, have been derived .



* |t is shown that namely the generation of K °K ° pairs
with zero strangeness gives rise to the difference
between the correlation functions R and Rg of two
neutral kaons .

« The character of analogous correlations for neutral heavy
mesons D° B, BSO with nonzero charm and beauty is
discussed . Contrary to the case of K° mesons, here
the distinction of respective CP -even and CP -odd
states encounters difficulties, which are connected with
the insignificant difference of their lifetimes and the
relatively small probability of purely CP -even and
purely CP -odd decay channels . However, one may
expect that this will become possible at future colliders .
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