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Abstract

The 5, ' system was under investigation.Mixing angles for octet-
singlet mixing and for quark-flavor bases were fixed. The decay
constants of radiative V — Pyand P - Vy (P = 9,9; V =
p,w, @) decays were calculated. The weak decay constants for n, 7’
mesons were concidered.We have obtained the numerical relations
between constants in different bases.

1 Introduction

The world of light quarks and hadrons is very reach with interesting phe-
nomena. At short distances there are only free quarks and gluons. They
are governed by Quantum Chromodynamics.At large distances there are
only hadrons. This point-like particles are described by the standard quan-
tum field equations.And intermediate distances colour confinement and
hadronization take place.From the physical point of view, this is a low
energy region of hadronic physics where physical processes with the liber-
ated energy 1+2 GeV proceed.The investigation of simple quark-antiquark
systems such as pseudoscalar mesons 7%, n,7'... is of extraordinary inter-
est as a source of information about structure of hadrons. It‘s well known
that SU(3)-symmetry predicts the existence of massless pseudoscalar octet
ng = —\}E(ua + dd — s3) and massive singlet 7y = 75(ul + dd + $5).Physical
states 1,7’ are the mixture of 73 and 79. The study of 7 — ' mixing is very
important for understanding of basic properties of quark - hadron matter.
This phenomena was considered in different approaches [1]. Recent CLEO
[2] and L3([3]experiments call the additional interest to this phenomena.
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Theoretical analysis is model dependent and mixing angle # prediction
varies from —12°[4] to —20° [5].

Apart of mixing angles two parameters fs and fo-n,7 decay constants
are usually introduce.Numerical estimations for this parameters are also
model dependent and varies strongly. For example, fs is estimated from
0.71f; in[6]to 1.28f, [7). Numerical value forf, varies in the limits:from
0.94f, in[6]to 1.25f, [7).

Recently another scheme with two mixing angles was proposed by [8].

Also there exists approach connected with quark basis ¢G = “—f‘%, s3[4).
In this case decay constant mixing is considers to be the same as for meson
states. The analysis of mentioned schemes can be performed by study two-
photon decays of 7°, 7, ' mesons.

Another problem is the evaluation of the hadronic matrix elements. We
perform the calculations in the Quark Confinement Model (QCM) [9]. This
model based on the certain assumptions about nature of quark confinement
and hadronization allows to describe the electromagnetic,strong and weak
interactions of light (nonstrange and strange)mesons from a unique point
of view.

2 Quark Confinement Model

The hadronic interactions will be described in the QCM.This model is
based on the following assumptions [9]:

The hadron fields are assumed to arise after integration over gluon
and quark variables in the QCM generating function. The transition of
hadrons to quarks and vice versa is given by the interaction Lagrangian.
In particular necessary interaction Lagrangians for %7 and 5 mesons
look like: au

Ly = =—=MgTI"¢* 1

M N5 q q (1)

where I'- Dirak matrix,A™ - is a corresponding SU(3)-matrix,q- quark vec-
tor

¢=1 d
sd
The coupling constants g for meson-quark interaction are defined from

so-called compositeness condition [10] It us convenient to use interaction
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constant in a form:

_ 3gy 1
At Tl

instead of gas in the further calculations. All hadron-quark interactions are

described by quark diagrams induced by S matrix averaged over vacuum

backgrounds.

The second QCM assumption is that the quark confinement is provided
by nontrivial gluon vacuum background. The averaging of quark diagrams
generated by S-matrix over vacuum gluon fields By ac is suggested to pro-
vide quark confinement and to make the ultraviolet finite theory. The
confinement ansatz in the case of one-loop quark diagrams consists in fol-
lowing replacement:

(2)

h

/ doy acTr|M(21)S(21, 23| By ). M (2)S (2, 21| By ac)| —
/ doyTr|M(21)So(21 — 22)- M(22)So(zn — 21)l,  (3)

where

dp _, 1
— = _—F o—ip(zi—2) —
Su(@1 = 22) _/ i(27r)4e vy — P )

The parameter A, characterizes the confinement rang of quark with flavour
number ¢ = u, d, s. The measure do, is defined as:

dovA = G(2) = a(~2%) + 2b(—2?) (5)

V—2

The function G(z) is called the confinement function. G(z) is independent
on flavor or color of quark. G(z) is an entire analytical function on the
z-plane.G(z) decreases faster then any degree of z in Eucidean region.The
choice of G(z),or as the same of a(—22) b(—2?2), is one of model assump-
tions.In the notes [9], [11] a(—22) and b(—2?) are chosen as:

a(u) = gge ¥ "o

b(u) = boe ¥ "t (6)

The request of satisfaction of Ward anomaly identity in QCM gives
the additional correlation between a(0) and b(0): b(0) = —a’(0), a(0) = 2.
Using a(u) and b(u) as (6), one can receive: ag = 2, a; = &. So, the
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free parameters of the model are A4, by, b;. The model parameters were
fixed in the {11] by fitting the well-established constants of low-energy

phySiCS'(fm fr, 9pys Gryys Qumys o gK"'/r'y)

A, =460 MeV
As =506 MeV
bp =2 b =02
ap=2 a; =05 (7)

We put A, = A, in the most of decays.

3 The description of 7,7’ mixing

In order to quantify the mixing in the 7,7’ system, one have to define ap-
propriate mixing parameters, which can be related to physical observables.

The octet-singlet mixing (OSM).This approach is based on chiral per-
turbation theory which traditionally leads to description of 7,7’ mixing in
terms of singlet-octet parameters [1]. In this case the physical states 7 and
i’ are the mixture of massive singlet 7y = %(uﬂ + dd + s3) and massless

octet ng = %(uﬁ + dd — s3):

n \ _ [ cos@ —sind 8 (8)
n ) sin @ cos o

Last time there mass dependence of mixing angle § was proposed [12]:

7 = ng cos by — nosin by
n' = ngsin B,y + 19 cos by (9)

The theoretical prediction for numerical values of mixing angles 0, is
model dependent and varies from —12° in [12] to —53° in [13].

Mixing in the quark basis(QBM). The parametrization of the decay
constants look much simpler in another basis, where the two independent
axial-vector currents are taken as [4]

1 -
Jis = E(uvwsu + dy,v5d)
s = 35S (10)
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In this scheme 7, 7’ mixing is defined as

ny _ cos i — sin Mg (11)
n sin ¢ cos ¢ Ms
where 7, = “—’f}'zﬂ, N = 88.

The numerical value for mixing angle ¢ varies as ¢ = 30° + 45° in
different approaches [1].

4 Two-photon decays and 7,7’ mixing pa-
rameters.

The constant of two-photon decay P — ~+ is a very important source of
information about two-photon 7,7’ mixing. We can use the experimental
data about 7,7’ decays to fix numerical values of mixing angles 6,,, and

®.
The experimental values of widths of this decays are [14]

W(n — vy) = (0.46 & 0.04)KeV
W(n' — vy) = (4.27 £ 0.19)KeV (12)

and the corresponding decay constants are

g5k = 0.259GeV 1, g7 = 0.341GeV ! (13)

Analytical expressions for radiative n,n' decay constants was obtained
in QCM both in OSM and QBM, mentioned above.
In the QBM approach the decay constants were received as

G () = —'———(E '3 Fpyv(m2,0,0,A,) - cosp —

- é * FPVV(m?p 070) As) - sin (P)

(14)

T
L
9

Irry(9) = ————(E ‘3 Fva(m%:,O, 0,Ay) -sing + (15)

+ = - Fpyv(m2,,0,0,A,) - cos )
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The structure integral Fpyy(m?2,0,0,A) in (14),(15) is written as

1
Fevv @ i) = § [ {&a)a(-Q) (16)

where a(—@Q) is confinement function defined by (6)with

2 2 2
praa + @3 + @30 Qn

Q= =

The best agreement with experimental data (12)can be achieved with
the
¢ =39.3° 17)

In the OSM scheme the decay constants were received as

V3

Iy (6n) = 7(971877(7”3,) cos by — gnOW(m?,) sin6y) (18)
V3 :
Gy (O) = 7(917877(7”12;') sinfy + 971077(7”12,') cos By ) (19)
where
1 5 2
Gnsyy(T) = hns(x)%'(§'FPVV($,O,0,ATL)—‘§'FPVV(-'L'7O’07A5)) (20)
(@) = /o (@) — - (2 Fpyy (2,0,0,An) + = - Fpyy (z,0,0,A,)) (21)
gnO'y'yx—' nOx\/g 9 pvviZ,U,U, Ay 9 PvviT,U, U, Ay

One can find the numerical values for mixing angles ¢, ,; by solving the
equations (18) and (19).
The following resolutions have been received
6, = —15.4° (22)

9,,/ = 58° or 9771 =-17.9° (23)

5 Radiative decays of 1,7 mesons.

Let us calculate the constants of V — Pyand P - Vy (P =n,7;, V =
p,w, ¢)decays using the mixing parameters received in previous section.
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The decay amplitudes are defined as

A(V — Py) = egvp'ycfwaﬂf"(Pv)fu(qv)que (24)
A(P — V) = egpy,e"Pet (q,)e” (v )aSry (25)
and the corresponding decay widths are
W(P — V7) = myagpy, (26)
1
W(V — Pr) = gmgag‘z,m (27)

The following expressions for decay constants were received in QCM:
In the QBM approach

Inoy = 1/ phy () cos wvav(mz, mz, 0,A,) (28)
Gror = \[ ol (9)sin ooy (m, m2,0, A,) (29)
Inoy = ) huhn(p) cos @%Fva(mﬁ7mz,0,An) (30)

Grn = h (@) sin 03 Fpyv(m, m3, 0,Ay) (31)
guir = heha(i9) s 0 Fpyy (2, m3, 0, ) (32)
ver = holy () 05 92 Py (my,m3,0, A, (33)

In the OSM scheme the singlet 79 and octet 7g decay constants have been
received as

1
Inn'8ey = hphns(m%ml)ﬁFPVV(m%,n'a mi) 0» An) (34)
2 2 2 2
Innopy = hphnO(mn,n’)V-gFPVV(mn#’ M 0, An) (35)
2 2 2
g"]rﬂ'&”')' = hwh'ﬂs (m;z],n’) mFPVV (mn,rlU mwa 01 An) (36)

2 .
Gnnowy = 4/ hwh,,o(m%m,)3——\/§FpW(mfm,, m2,0,A,) 37
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Gnysey = 1/ Behms(m2 \/_vav m2 ., m3,0,A) (38)

Gnmosy = \/ hehno(m2 ) \/—vav( 25, 0, A) (39)

Corresponding decay constants of physical 7,n‘ states to vector particles .
(V = p,w, ¢) and v quanta are defined as

GnVy = Gnsv~ COS Oy — gnovy Sin 6y (40)

Gn'vy = Gnsvy SOy + gy COS Oy (41)

The numerical values for V' — P~y and P — Vv decays are given in tables
1 and 2.

Table 1
gviy(GeV 1) | Experiment [14] QBM OSM
@ =2393°| 6, =—15.4°
Gomy 1.47+0.25 — 0.28 1.49 1.495
Gy 0.5+ 0.04 0.496 0.497
9oy 0.69 £ 0.02 0.715 0.72
Table 2
gvn,(GeV 1) | Experiment [14] | QBM OSM OSM
0 =3930y =57.97° | f,y = —-17.88°
Gpr'y 1.31 £ 0.06 1.065 1.55 1.05
G 0.45 £ 0.03 0.353 0.514 0.33
Gont 1.00 £ 0.28 0.761 0.381 0.786
One can see that numerical value §,, = —17.88° provides better agreement

with experimental data.

6 Weak decay constants in  — 7 system.

The decay constants in the n — n’ system are defined as matrix elements
of axial-vector currents [1]:

(0]Jus| M(p)) = ifmpu (42)
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In the QBM scheme axial-vector currents are defined by(10).
One receives in QCM

fo=flcosp— fysing

fo = flsinp + f cosp

where
q,8 __ 3hP (‘P)
L 27
and structure integral is written as

An,sFPW(m?-” A'n,s), P= m, 77/

1 00 1 T
A== d —u——=v1 -~
Fpw(z, A) 2(/0 a(u) u+4A2/ dua(~u V1= u)
The following numerical relations have been received

s q 3
—';;—1263 jf; 1.304, %——197 ;,, 1.95.

In the OSM scheme one can write

(0| Jus|m) = (0|J,us|ms) cos 6, — (0 J,us|m0) sin 6,
(O} Jus|n") = (0| Jpus|ns) sin B,y + (0] Jus|7m0) cos b,y
Corresponding constants have been received as
fq = f§ cosb, — fg'sinb,
fy = fg sinby + f§ cosby
where

3hg(m?
f(mp) = ——éf(ﬁl)—)(/\nFPW(m%, Ap) + 20 Fpw(m3, A,))

2
$8(mp) = LLAE) (o1 oy (s, M) + A P )
\/3hs (mP)

67 (AnFPW(m?-"’ An) - AaFPW(m%’a As))

fa(mp) =

3ho(m%) 2 2
i) = LB (o Py, ) = A Fiw (s 1)

(43)
(44)

(45)

(46)

(47)

(48)
(49)

(50)
(51)

(52)

(53)
(54)
(55)
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The relations %‘EE%ZP; and %;L; (P =n,7n’) turn out to be very small, so
8 P P
one can neglect corresponding parts in(50),(51).
Therefore we obtain 7,7’ decay constants as

f3 = f§ cosy, fp = —fgsinb, (56)

fo = fgsinby, fY= f3 cos by (57)

There also exists another mixing scheme with mixture angles 63 and 6, [15]
32\ _ ( fscosfs — fosinby

( £ f% T\ fssinfg focosby (58)

The relation of 63 and 6, with mixing angle ¢ is [4]

V2fy

2
s = ¢ — arctan \/_fs, 0o = ¢ — arctan

7, 7, (59)
So in the case of fy, = f#* from (59) we obtain
fs = —16.3°, 6o = —14.5° (60)
If we use f, s = f,'f}s
03 = —12.29°, 6o = —18.45° (61)
The relation of 63 and 6, with mixing angles 6, is [1]
tanfs = ilons(;:’ tanfy = :,23:, (62)

So for 8, = —15.4° from (22) and the first value 6,, = 58° from (23) 65 and
8y are
08 = 41.30, 9() = —26.60 (63)

In the case of 6, = —15.4° from (22) and the second value 6, = —17.88°
from (23) we have

s = —17.8°, 6y =—15.59° (64)

Comparison of numerical results (63),(64)with numbers from (61) shows
the value 6,, = —17.88° to be chosen for description the 5’ state. This
statement is in a good agreement with results of previous section.
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7 Conclusion

The 1,7’ system was studied in different mixing schemes.The numerical
values for mixing angles were obtained by study two-photon decays of
7%, n,n mesons. In the case of octet-singlet mixing

6, = —15.4°

07,1 = 58° or 9,,/ = —17.90

And
w = 39.3°

for quark-basis scheme.

The constants of radiative V.— Py and P - Vy (P =n,7; V =
p,w, @) decays were calculated. The comparison of obtained results with
experimental data allow us to choose one from two obtained values for
6y = —17.9°. The n,n decay constants also were calculated. The nu-
merical results for relations between constants and different sets of mixing
parameters confirms our choice of 6,,.
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