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1. Introduction

The discovery of 1(1440) (JC= ~+){1,2] and ©(1690) (JPC=
2t {31 mesons puts a question: are these particles radially
excited quark-antiquark or gluonic states - glueballs? Various

\f authors have conaidered the possibility of interpretation of
'L(1440) meson as a radial excitation of a quark-antiquark sys-
8 tem [4-6] . The basic disadventage of this approach is  the

] large width [ (L—=yy) and too small width MJI/¥Y—1y)-

In the QCD framework gluons interacting with eqéh other

can form bound states -~ glueballs. In general, such gluonic

states can annihilate into quark-antiquark pasirs, that is why
'<; there must bc mixing of pure gluonic states with neutral iso -
scalar mesons. In particular, both candidates for gluonic sig-
tes, L(1440) and 6(1690) must have a quark-antiquark mix-
ture, i,e, they must be glukonia. Such probability has been con-

sidered by various authors {see Refs [7-13] ).

In presenf?paper we suppose that there a mixing of quark-

sntiquark and gluonic étgtéi takes piace in the n, qﬁ L (1440)
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pseudoscalar and f, §, ©(1690) tensor mesons. All the
available experimental data on two-particle decays with these
varticles, taking part in them, and also a Regge description
of reactions :ﬂ’p-q(q_')n [7] are used to determine the para-
meters of mixing.

The obtained data show that in the 1 meson the normal
end strange quarks are almost equally mixed and practically
there is no gluon contribution. There appears a little
gluonic mixture in the ' meson, and L(1440) already by
857 consists of gluonium with a slight admixture of normal
and strange querks.

In tensor mesons, on the contrary, we have a set of prac-
tically pure states: f meson is a pure normal state, }'meson—
a pure ss state and 6 (1690) ~ a pure gluonic state. So,
vhere is an ideal mixing in the sector of tensor mesons,

Constants of annihilation of two gluons into gquark-anti-
quark pairs are also calculated in this work. It turned ocut,
that these couplings are of the sawe order in ( case and
are quite large ~ 500 MeV and in case of 2' mesons the gluon-
normal state couplings are A~ 100 MeV, and the gluon-strange
quark ones are ~#200 MeV., This explains why there is a strong

mixing in case with 0 mesons, while in caselwith 2% ones

"there is practically no mixing (since transition of normal

quarks into strange ones and vice versa is very difficult).
The obtained parameteré allow to describe a very large

number of processes (in the paper the widths of 68 decays

with 0~ and 2 mesons participating in them are calculated

and. predicted),
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In chapter 2 description of the model i3 given and the
number of free parameters is considered. There remains only
two free parameters for pseudoscalar mesons and four - for ten-
SOor mesons,

In chapter 3 formulae are presented by which the widths
of decays of 0~ and 2* mesons are calculated in a nonplanar
approximation, ‘

In chapter 4 the obtained results are discussed.

2. Mixing Model

As in Ref. [7] , we also shall operate with an iddal basis

1 - —
containing state vactors of normal |N > = T—Z-luu +dd > ’
strange |S>=|85 > quarkonia states and of gluonic state

|G>. Physical states H’ > are theiv linear combination.

l'~P>=Xv|N>+5.p|5>"ZW|G>: (1

where

Y=n,0,t or ‘F=f,j’,9

The reason for quark-gluon mixing in QCD is the quark-antiquark

system annihilation into gluons(in the lowest order of perturba-

tion theory the annihilation terms for pseudoscalsr and tensor

mesons consists of two gluons)., Consequently, in the quadratic

"mass matrix of isoscalar mesons there must be added members

which correspond to that annihilation [7-10, 12] s+ SOythere
are six free parameters for each case (pseudoscalar, tensor) in
the model: the masses of ideal states My ,Mg, Mg aﬁd- the an-

nihilation parameters Ay, As, Ag . Weights of ideal

i R Y Sy ey
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statea |N> , |8 >, |G > in physical states |[¥)-Xy, Y¢, 2y
are functions of these parameters, The physical states

muat satisfy the equation on eigenvalues (7], and hence, one
obtained three equations expressing the annihilation parame -
ters via the mass of ideal and physical states:

anag' [mznamza(m:a" mfm) +Myq m:a (mga- mzsa) + maSQ m;a(méa -
-mza)]-’ (m:"’ (mfl»f * mel"f' * mf,e - m:‘“) * mfb! m':':f' mz‘re -
-mia ( m?‘bf mi’,;l * meb! mf,a + mfl‘)f'.mt,e)] ) (mza - mas"-) ’ 2)

= [l (i, miall ™ [mp oy prmi o= Mg mMEamea =

- m:lamzsa 2 a” Zl:a Ma (mga - mfea)] ’

Aza =2 4" axzﬂa- Aid ’

where Zq= m:'i + mfll,;' + mf,o ‘mfm- mga' mzaa R

the index O indicates pseudoscalar and tensor sectors.,

Taking into account, that in the pseudoscalar sector the state
IN> is an orthogonal partner of ° s One may suppose <that
m‘L: m:,o and similarly, using the Gell-Mann-Okubo mass formula,
mzs=2mf‘-mi.'1'hus, there remains only one free parameter in the

pseudoscalar sector, through which the mixing parameters

Xy,Yy, 2, are expressed (¥=1,Nn’,L) . To check up these

PO

! assumptions, various experimental data processing variants

{ have been considered: in one of them my, Mg, Mg have

I

been considered as free parameters, in another -~ only Mg has
been. The obtained results my = 0.1349 £ 0.0004 GeV, mg=
£ = 0.6874 £ 0.0004 GeV (see Table 1) well agree with the Mgye
mass and with the Gell-Mann-Okubo mass formula and shows to

validity of assumptions.

Bty A i
o




L

In case of tensor mesons Ay meson is the orthogonal part-
ner of the ideal state (N>, though the mass of A,(1320) meson
is larger than that of f(1270)', which does not allow to use

the equation My=Myz, . So, in the tensor sector there remain

three free parameters:My, Mg, Mg, their values being found from

the comparison with the expeérimental data and given in Table 1,
The obtained value of Mg indicates to the fact that in this
zase the mass formula of Gell-Mann-Okubo is well satisfied(from
Gell-iann-.Okubo formula we have Mg= 1.525 GeV; the fit makes
1.521% 0,002 GeV). Aside from these mixing parameters, it is
necessary to insert in the theory another parameter {8] for the
correct regard for all effects, The value of this parameter is
determined from the comparison with the experiment and is given
in Table 1, The parameter § differentiates hetween the.coup-

lings of normal and strange quarks with photons.
3. Two-Particle Decays

To determine the mixing parameters and interprete L(1440)
and 6 (1690) mesons we have considered the folloiing clagses
of two-particle decays in which, because of not full knowledge
in the dynamics, the théoretical‘ formulae are written for ra-

tios of decay widths
1. O"--xg.
r(v—-xx) _ 1
r(ae—y3) 9
where Y=1n,n' ..

(3)

(Tz) (5% + VT §yy)’

2, 07=17y, "0y,

MW —wy) _ 1 [ My~ Mo j."u)-."xe, 4y
Fw—=x°g) ~ 3\ mi - m§ my' 1

7
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2 H )
F$=ny) _ 4 2( My~ ™ :::)3 5 (5) .

T@—a%) 3 m ~ m '
rI/9—=ny) _ ( My = My 3( G'z’)z ; (6)
/Y ~ny) ~ \myy-my / \ Gy

where G'l"l'l" = J?../\“Xq,rzlg + AsYn,qye + A En e

parameter M , proportional to the factor m.,/ms[9]. indicates

that the strange guark has a smaller magnetic momentum than d

quark has. Similar formulae are obtained for decays q'(L) - Py,
L@y, p@) =0y, J/¥-=iy, ¥(3685 )=y
3., 2t—~0707."

F(Ag~an'(L) _( pn'm)5( Xty +JZ An /(L) )z o)
r(A.—=an) ~\ Py Xn+ 2" Aw Zn '
4, 2¥—>yy. ' o
r($—=¥%) 25 'y .32 ¢y ¥ (8)
Flm = 8 (X#*5 §49)
the same way for decays f""'b’X ’ 6—ry-
5, 2t—=—070".
ri$' —-axm) _ ( P;') ( Xgt + J2 An B4t )z (9)
J
F(f—am) ~mg \ Py /| X+ JT A2y
. r($—=KkKx) 1 ( p’ )5 {xpfz‘-y,hfz"(lnﬂ.)z; )z“o)
r($—+=nn) 3 P/ \ Xg+ N2 Ay g !
r(e—=nn) _ 1 (P, \? [ Xq (Xe*{ZAEo)* Y3 V2 (Yo As 2o}t [The 22 2o) (11,
r@—xx) ~ 3 \Ps/ (Xo + {ZAy 24)?
the same for decays 6—+XRX, O — Kk , §' =Kk,
$—an, - f=an, §F=aq, 8.
6. 1"—=2% '
Fa/e=H00) _ (-fs(!. ) ( ( GgleV 1+afe + 83re ,
ra/e—-43) \%s(¥) Msp- '4; Gy / 1eal+85  (12)

8



where Gy, pi0 =VZ Ay X200 + Aslg,p10 + AaEptle - A, dss Ag
are the annihilation parameters of tensorg in the formulae
(9-12). In the sixth class processes the decay products can
be produced with an orbital momentum of @ =0,2,4 consequently,
these processes are determined by fhree amplitudes. The values
Qa, £ in the formula (12) stand for these amplitudes and are
determined experimentally in Ref. [14], o(s(a)=12.7t/(27fn A,
A = 36 MeV, d; =0.,27, olgt= 0,253, g = 0,243.

Beside the decays, the ratio of differential cross sections
of processes -’II_P —nHn obtained in Ref. [7], have been

considered. In our representation this ratio has the form:

Xni) + V2 AnZ /(L)

Rewm = = x v iz hez, (13)
7. 1”107 (I/yw-1"07).

rI/y— wn) _ Pw )3 ( Xp(1+€4)+ 7 5Go )Z (34)
rJI/y —p°a°) = 1+€n ?
r(I/‘P—" 'f".) - (R(HQ+SG'&) aﬂeﬂy'l) (15)
F/w—=g°a°) =~ T+€y
FI/y— K" K) _ 1 (P )3 ( 1+ R+ ey (2-M) )2 (16)
rG/9—p w9 3 \ B ) 1+ en !
FT/¥ >k R _ )’( 1+ R=€u(1+4) )" , (17)
r/y =p°m°) - 1+ ey
ra/y —9°) =3 (Pm )3 ( CnXn )2 (18)
/Y —p°2°) 1+ey
r(J/y—-wae) _ -3 ( ) (13)
F/Y—p'ao) ~ ¥ \1vey/ ’

P



the same for decays of J/¥ into *;?L,‘;P,Lt and of Y/ (3685) into
the corresponding ¢nd products.
g, 1= —1i"2v (yv—-12t).

For this kind of decays the formulae coincide with J/¢--170
with due regard for substitutions T—~#,,n—~f, n'—~¢', =8
with weights x,Y,2 correspondingly.

The considered first six types of decays, as seen from
the formulae (3-12), are determined by contributions of planar
and nonplanar diagrams, which are due to two-gluon annihilation
of the qﬁ system, consequently, are fully determined by para -
meters described in chapter 2 and from the comparison of expe-
rimental data [14-24]. And the classes 7,8 differ by quite new
thrée types of diagrams [25,26] shown in FPig.1. For the account
of these diagrams one is to introduce new phenomenological para-~
meters: R= J\;/J\:, allowing for the difference batween the
annihilation of Ss pair into three gluons and the annihilation
of ﬁu, dd systemey €y is a parameter corresponding %o the de-
cay of J/¥ through a virtual photon, Fig.lc; % is a parameter
corresponding to the dift"erence between the diagrams of three-
gluon annihilation, Fig.1a, and doubly disconnected ones, Fig.1b.
These parameters, obtained from the v.mparison with the experi-
mental data [15,25,26], allow to predict 13 more decay widths
(see Table 5). Note, that these proceases have not been conegi-
dered at d‘eterniination of the model parameters m, , Mg, M, &
and they are a good test for the obtained quark-gluon structu=-
res of pseudoscalar and tensor mesons, as the quark composition

of vector.mesons is determined quite well.

10




4, Discussion

The obtained values of the model parameters m,, Mg, Mg
for tensor and Mg for pseudoscalar mesons are given in Table 1,
Ibidem the values of annihilation parameters A, , s , Ag (re-
.2mber, that they are free parameters of the model and, as seen
from the £q.(2), are mass functions of ideal and physical sta~-
"ag) and the values of weights X , Yy , & of ideal states IN>,
|{S>, |G > are given, correspondingly.

The annihilaticn parameters A, , dg , Ag , as phenomeno-
logical ones, have a physical meaning of effective vertices of
quark-gluon and gluon-gluon interactions and their determina -~
tion from the comparison with the experimental data is very
valuable because it allows to avoid the difficulties in the
perturbation theory in the QCD framework. The fact that these
parameters are different in pseudoscalar and tensor mesons, in-
dicates to their dependence on the spin -« parity of the qﬁ,
system at its annihilation into two gluons due to which, appa-
rently, is the strong mixing of psesudoscalar mesons in contract
to tensor ones whicn are mixed almost ideally. The comparison
of the weights x , Yy, 2, which are functions of annihiiation
parameters, shows that in the n meson the gluon admixture is
very little in contrast to normal and strange quarks whose con-
tributions are almost equal. The q' meson is a very atrongly
mixed particle (~ 364 of normal, ~48% strange quarks and ~1o.
of gluonium), The ((1440) mainly (~ 85%) consists of gluonium,
The f meson consists of only .ormal quarks, f'— ornly of strange

quarks(~ 5% of gluonium), and © (1690) is a pure gluonium state

11
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with a slignt (~0.55) admixture of strange quarks.

1n Table 2 experimental data [15,22}and theory predic -
tions for decays with pseudoscalar mesons are presented. Dif-
ferent experimental data [15,22] have been used to determine
the values of free parameters. It turned out, that all of them
gave the same result, but with different extent of errors, i.e.
211l the experimental date are self-consistent except for the
width of decay w=-nY , the experimental value of which [15]
is evidently underestimated. In Table 2 results with the
least errcrs are presented., The processing of all experimen-
tal data results in them, .hile, the processing of data on de-
cays only with n and rl' mesons shows that one can predict (un-
aware of L{1440), supposing mixing betwegnlN),lS) and |G>
states only) the mass of m =1.438% 0.05 MeV and the true va-
lues of widths of partial decays of that particle. It means
that all the other admixtures are.negligible,

In Table 3 experimental data [14-16], [22-24] and theory
predictions for decays with tensor mesons are presented. Here
too, different experimental data have been considered to deter-
mine the free parameters of the model., All the variants yield
the same values of these parameters, though the extent of er -
rors is different. The least errors are at the full fit. Just
this varient is presented in the Table., stimations of widths
cf @—ax, ©—>KK decays are obtained from rRef.[22] with
the assumption that the observed partial decays of 8 (1530)
on the installation HMARK I1I are the only ones,

In one of the varianta, at determination of the values of

rarameters rriG and Mg at a fixed My and mg , the exprezcimental

12
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data have been procesgsed without 6(1630), The value of mMg=

= 1,696 £ 0.1 Liev (éhowing that their possible admixtures are
little) measns that the available data allow to prudict the mass
of 8 meson, and the cbtained partial widths (& —=qIT) and
re—=— Kr) well agree to the values given in Table 3.

The obtained information on weights of IN>, IS> and |G>
ideal states inn , q’, L(1440) and f . f’ , 8(1530) mesons
allows to consider processes J’/'-P ‘>v+P and J/¥Y—V+T
However, three new types of diagrams determine these processes
and are shown in Fig.1. Consequently, three new parameters
R,eN,35 are to be introduced into the theory (it should be
noted, that due to little contribution of diagrams in Figs.i1b,
c, making ~10% of the total contribution, if one regards for
diagrams in Fig. 1a only, and ignoring decays with ¢, K ,!<’
mesons, one can do without additional parameters). The values
of these parameters have been determined by comparison with the
experimental data [15,25,26] and are given in table 4.

Three different variants have been considered and hence,
three different sets of valyes for them are obtained. In the
first variant the contribution of doubly disconnected diasrams
(Fig.1b) is neglected. In the second and the third variants
the contribution of all three diagrams have been taken iﬁto
aecount, The difference in them is, that in the third variant
all the exper‘—ental data have been processed to determine the
varameters, while in the second one the width of J/q'--qoq’
2a8 not been taken into account, The comparison of parame ters

obtained in different variants ...dicates to ingen=itivity of

‘R and €, to different sets of experimental data, i.e. contri-

13
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butions from doubiy disconnected diagrams are small, Parameter

S will be considered below.

Experimental values [15,25,26] and theory predictions for

widths of J/¥—=V+P and J/¥Y—+V+T are presented in Table 5.

Their analysis shows that the experimental values of widths of
decays J’/tP-»K'R » taken from the MARK III collaboration data,
are in better agreement with all the other data than the valuer
from Ref. [15]. The width of decay J/¥—> wn' ie very sensi-
tive to § . That is why in the second variant this process
has not taken part in the fitting procedure, If the measure~
ment of the width I(J/¥-wn')= 0.0220,01 keV is correct, then

‘5 = = 0.254 and the theory predictions brought in the third
variant are realized. Otherwise the second variant must be
fulfilled.

Thus, the analysis made shows, that L (1440) and © (1630)
mesons sre almost pure gluonic states, Querk-gluon and gluon-
;zluon pseudoscalar couplings are stronger as compared with the
corresponding ones in the tensor case,

The authors would like to thank S.V.itsaibegian, N.L. Ter-

Isgakyan and A.Yu. Khodjamirian for helpful discussions,
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Table 1
my, g Model Parameters. Annihilation Parameters i, and

Weights x, y, z in 0~ and 2% Mesons. My and Ay are in GeV

Pseudoscalsars Tensors
M |0.1349%0.0004 1.2692+0.0018
Mg [0.687410.0017 1.5150+0.0042
mg 11.318140.0268 ' 1.6508:0.0062
§ [0.4542:0.1217 0.5170+0.1298
Ay |0.5785+0.0106 0,08269+0,01603
As |0.460640.0115 0.1955+0.0383
Ag |0.4269+0.0326 +3354+0.0299
n (549) § (1270)
0.7302+0.0026 0.9991+0,0005
y |=0.6790+0.c020 -0.02930+0.0112
2 |-0.07508+0.0074 | -0.03068:0.00512
n' (958) $'(1525)
X |-0.6174£0.0124 -02512+0, 00995
Yy {-0.7030£0.0095 =0.9913+0,0033
2 | «3529+0.0405 0.1288¢0,0237
L (1440) 6 (1690)
-0.292440.0327 -0.03419+0.00675
Y | -0.211420.0250 ~0.1279+0.0232
Z | -0.9326+0.0159 -0.99124+0.0032
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Table 4
Parameters of Processes J/¢—=VP and J¥ - yT

1 | 2 3
: R 0.7889+0.0759 0.8075£0.0803 | 0,8090+0.0794
e, | 0-120£0.0170 0.1208:0.0170 | 0.1197+0.0170
s o -0,08505+0,1351 | =0.2585+0.0733

*. With regard for the diagrams & and ¢ , Pig.1 .

2. N¥ith regard for all diagrems in Fig.l, but for the experi-
{ : ment on [(J/¥—+=cwn')

3. With regard for all diagrams in Fig.t .
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Pige 1

The main contributions to processes J/J$ VP
J/W—=V+T

a) three-gzluonic processes,

b) doubly disconnected processes,

c) single-photon annihilation,
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