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1. INTRODUCTION 
,•' ~ , .... 

The Exotic Commutator'Mixing Model <ECMMl' has been -formulated 

as a nieans :to desc'ri'be mi"xing o-f the'qq rionet states with an'extrai 

sing.let ·~·tate o-f the -flavor SU<3f s'ymmetry'C1,2J. The tiest ·l('nown 

candidate -for the'additional state is a glueball~ The mixing: 

enlarges 'the mult'tplet o-f the physical mesons to the 'decuplet ·:; 

a e 1' • 1. The is6scalar physical ·states···belonc;iing to'the"decuplet · . 

are ~uperpositio·;.;s· o-f the exact"symmet'ry 1statesi 'octet isosinglet,, 

qua~k singl~t' and:the' additional singlet~ These superpositions are 

de-fined by mix'i'n'g, matrix~· Having known" the· elements ·.o-f'.this· matrix 

we· can predict the -flavor properties o-f the isosinglet physical~ 

states; e.g.,; their electt·omagneti.c 1 and hadronif ... ~eca,Y, ':;lt:~.s;. 

The mixing matrix has the dimension •. 3x3. and is, parametriz~d ,bY. 

3 angles. The ECMM :in its or;iginal· -formulation. determines, two:.o-f 

the angles but only up to the' signs o-f .the -functions. si.n .and :cos 
1

0-f 

these angles. The third angle remains unknown [=<:,3J.: Howe:ver,,:tt'le 
''i: 

multiplet expected to include ·the gll..ieball may· be poorly known and 

there-fore it is use-ful to supplement the model with an additional 
~-···. ' :' ·" ' ~'.- •·: '>.;,'-' \[ :~·; ."'!':.~·.- . ;--. ·~;>c.' 

constraint making possible -full determination o-f the mixing matrix. 
· • .-. • , .. · i"" l, ·~ :.J " ·.: ,1 • J , ~ ,' , '"'' ' 'i •, · ·-· · , • '1' "' "··-

The additional constraint "\'e use b~.lpw ·is :known as -flavor 

independency o-f the glueball [4J. It has been already used'to ·,,. 

reduce the number o-F unknown element.s o-f the mass operator matrix 

in related model o-f the decuplet mixing [5,6J. We shall re-fer to 

the mixing o-f· an extra singlet as -flavor-independent or -flavor

dependent depending on whether this suppl~mentary gondition is used 

f~ni;~-~iji:'~ trn~· 
? 11l1~fJ.!if:lK nce:ieJlomum!J !l I .. ' I 
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. or not. Ir the mixing is rlavor-independent, then all elements oT 

the mixing matrix are unambiguotisly determined. 

ECMM imposes on decuplet states a set OT constraints which are 
' 

independent OT the supp_lementary condition. They TOrbid to Tor·m the 

-+ 
decuplets OT 0 and 1 mesons including the qround-state nonet 

and-higher-lying _sinqlet. -Fortunately, a dec::uplet OT 2++ _mesons 
' '. ' •·' ' • ,J ' 0 ' ' ' ,· ' ' ' 

including the 'wel,l i.nvestigat_ed,tens:C)r meson nonet' is allowed. This 

sets .up -to the. tensor mesons. a __ special -role il"! v~rH)ing ECMM and 

examining~its properties. 

In the _second section, aTte~ short.rec:alling,the main Teatures 
. ~- . ·~ 

OT ECMM,_ we. deTine, ·its Tlavor-:-independ~nt .an~ __ Tlav[)r-dependent 

versions. , In the thit:d. s~c:ti~n .we apply it .to tensor, R,~:~C)ns. In 

inve"!_tigating hadronic, decays or the mesons we avoid s~mpliTyinq 

assumptions-on purpose to.reduc:e the number oT unknown coupling 
' . , . '· • ..; i,.,l ~ . ' 

constants.· 

2. THE FLAVOR...;.INDEPE~DENT; AND. FLAVOR-DEPENDENT: VERSIONS OF ECMM 

2;·1-'''Founda.tion' ci-F the ECNN ,( '.J; 

· We" begin with recalling the main relations: oT ECMM. 

·'1° ·ECMM ·rests on 'requirement oT vanishing OT the•.three exotic:. 

c:ommutators 1[7l: 

·' 
CT T Ckl 

a' b'' . l. 0 I k 1,2,3 I 

;:!:'!L'L ;<" .. ·~~ ( k) 

W.~e,re T a--_, ~-S: a generator oT Tlavor SU(3) group; T b 
• ... ' l' , .· * 

d kT , .. b. 
--k 
dt . 

is its,k-:-th time derivative, <a,bl- is an exotic: combination oT 
·• '" ' . ~ . ' ' . ' ' ' . . ~ : 

indices. 
. ) ( •' 

]. ~:; . '-~ .' 

r <..t r" ! ,, ~ ~~ 

·'?{ 
, .. ~ · . 

. ,_ 

2 

(1) 

~ 
I 

i ... 
I 
I 

! 

The _constraints Cll determine.three matrix elements: 

2 k ak 
<zel em l lze> = ""3 + 2 bk 

3 
I k 1, 2, 3 I 

where z
8 

- is the isoscalar octet state, a - is the isotriplet 

meson mass squared; 

b 2K - a 

(2) 

(3) 

is the ss- state mass squared, K - and other particle symbols are 
; ! 

their mass squared [1]. 

2° The z
8
-state may. be reiJresented as a linear combination oT 

physical isosc:alar states zj 

l':e> l/'jlzj> 

where the sum runs over all physical isoscal•r states zj and 

coerTicients Aj obey the conditions: 

Aj 
2 

.i!: O, 
~-2 
f..jA j = 1 

(4) 

(5) 

Using I z j> as complete sy&tem DT 'intermechate states on cth •. 

leTt-hand side OT Eq. (2), we obtain, by virtue 'oT Eqs (2). ·'arid (4) ,. 

the system oT equations with respect to Aj
2 

[2]: 

2 k 2 k + 
A1 z1 + A2 z2 

2 k 
A3 z3 

1 k 2 k' 
_3 a + 3 b ' 

- .- ~ 

I k"'0,1,2,:S I 

where the second Eq. <5> is already included Cror k=O>. 

.: .~:~. 

co> 

r-:':-: 
... _.,._. 



The system of' Eqs. C6> is overdetermined. Its'consistency 

condition is the mass -formula 

F<a> + 2 F<b> = O, 

where F<x> is characteristic polynomial of' the mass operator: 

F<x> 
.J 

<x- z 1 > <x- z2 > <?<- z3 >. 

The solution of' the Eqs. <6> is 

. :: )1..2 =·..:!· (a- z2 ><a- z3 > + 2Cb-:: z2 > (b- z3 > 

1 3 
(zl - z2l <z1 - z3). 

)1..2 
2 

.)1..2 
3 

1 
<a- z

3
><a -z 1> + 2Cb- z3 >Cb- z 1)· 

3 
(z2 - z3> (z2 -. z1) 

,. 

1 
<a - z

1
> <a - z

2
> + 2Cb- z

1
> (b - z

2
> 

3 
(z3- z1)(z3- z2) 

Some properti.~s .. of' this solution.,should be mentioned: 

Cal 2 lf',,Jt..3 = O, • then 

2 1 
)1..1 = 3• 

z 1. = a, 

2 2 
)1..2 = 3• 

z2 = b 

and z3 is arbitrary [2,3J. Such a decuplet is degenerate 

reduces to the nonet and disconnected singlet. If' 

it 

(7) 

~ 

(8) 

·~ 

(9) 

(10) 

( 11> 

)1..1)1..2 < o, (12) 

then this nonet is ideal: 

I z1> ·,; IN>,. IS> = Iss>, <13) 

where 

IN>= I (UU + dd)/~2 >, 1s> = Iss>. 
.) 

<14) 

The solution (10>,<11> remains true, if' z3 does not appear at all, 

i.e. f'or the nonet [1). Thus the decuplet mixing and ideal mixing 

of' the nonet -follow in ECMM f'rom the same dynamical constraints 

given by Eqs.(1) • 

Cbl If' the decuplet is not degenerate, the masses o.bey ., . 

inequalities 

z
1

.< a< z2 < b·< z3 
( 15) 

>;:' 

and the Jt..2 •s are conf'ined within the intervals: 

2 0 < )1..1 < 1/3, 
2 

0 < )1..2 < 1, 0 < Jt..; < 2/3 <16> 

3° The wave -functions of' zj are def'ined by the mixing matrix U• 

. [ z
1l [ z8

] :J = u :0 
,,, 

(17) 

where z
8

, z
0

, G are wave'f'~nctions of' the octet isoscalar; the 

quark singlet and the glueball respectively. U may be chosen as 

3-dimensional rotation matrix 

5 



[ <I 
-s1c2 .,.2 l 

u = s1c3 c1c2c3 - s2s3 -c1s2c3 - c2s3 ( 18) 

s1s3 c1c2s3 + .s2c3 -c1S:2s3 + c2c3 

Here cj = cos.ej, sj sin e. and e. are Euler angles: 
; ' J J '' "' 

0 S e 1 < n; 0 S <e2 , e 3 > < 2n. The elements o~ the ~irst column o~ 

th~ matrix·U are•eq~al· to ~j's: 
;" ... } 

t·.; •• ":.,!.: -. ·,( 

-~1··=·ci• ~2 = s1c3, ~3 = s1s3 •. <19) 

The coef-ficients~- represent octet 'contents of z. states. The 
J J 

relations <9> and (19> determine the angles &
1 

and &
3 

in terms o~ 

'masses, but not uniquely, 'as Eqs~(9> do·n'ot.~ix the signs of ~2 ·s. 

The angle &2 remains un~~termined. It can be found with the help of 

an additional constraint or le~t arbitrary. Depending on the way 

the &2 is determined several versions o~ the ECMM are possible. We 

explain below how it can be determined and how to interprete its 

arbitrariness.· 

The physical isoscalar states z. are usually expressed in the 
. ' J ' . 

basis of the ideal states N,S,G. We shall refer to the mixing 

matrix in this basis as V and call its elements as follows: 

[ XI Yj "• l v = x2 Y2 u2· ; , .. , 

X3 y3 u3 

(20) 

6 

f'\> 

·p 

~.:. (; .... 

The explicit ~arm o~ this matrix is 
*\; 

··:,:_1 ·' •:. 

.~1 52 / ! c -/~s c s 1 a 1 2 I';' ·;' ~~, ', ; 
- ;;cl- a51c2 

' ~- ; 

,. :J 

v ~51c3+/~<c1c2c3-5253l R'~:: R·. · .: ... ' 
-~a51c3+,r;;<c1c2c3-5253l 

',( ' 
-c 1 5:Zc.~-:~2-53 1. ( ~ 4) 

/~s;53+A <ct c~53+~2c3' ·vFz··· , .., ' .. , . !· 

"C.'.{ ;s1ci/!-lc1~2~~+52c3l 
' ~) 

-c15253+c2c3 
; ~ ,; ~; 

J ~! ~_.- . '· : \ l 

2.2. The' Flaw::Jr-indeperideni:. ·version oF'ECN/1 · 

Tile Haver-independent version o~ 'the ECMM ·is' 'C!£if:i ~e'ci by 

including' the conditii:in cif the glueball fl'avor: independence (4]:' 

·v 

2 
<G I m I .. z8 >. 0 

,·C" :;_··; 

This condition de~ines the angle &
2 

<not changing the restrii:ti'on;.( 
: 1:.tr."- "'- L'r _,,.,., "·~ii · d • ·,; .;·:,'·J 't!-'1'.' ,.:,·:.1 

on masses and angles & 
1 

and & 3 >: 
't ·~ 

·z3 -·.z;;;t 
tg &2 

'c3s3 

c ·.1 ' '(z3.::.zl> 
":> 

<z 3 -'- z -1 c; 
(~ \ ~ '. ' 

Thus th,': angle _&2 is_ -~lso exp_res.sefl_ by_ the mass~s. 

·; -~ v , .• 

) (' 

(23) 

"!, 

.! i•' 

To ._,h~ve .thf? .~l_eme,nts (Jf. the mixing matri>:,V .completely. deter

mined we sti 11 ,h,ave, t(J fiX ,the,:signs of, c r..S r l This .c.an be,done.r 

unambiguously. We first pres_';nt the r;esult and, t,hen _comm~':'~ on,it: 

7 



<i> s 1 > 0 , as 0 ~ e 1 < n 

<ii) c 2 < 0, s
2 

> 0, c 3 < 0, because of' the choice: x 1 ,u1 ,u3 > 0 

(iii) For c~ not too small: 

<a> c
1 

> O, if' z 1 ;is mostly N-state, 

I' 
'.(b) c:

1 
< O, if' z

1 
is mostly S-state 

(iv> sign s
3 

= sign c 1 , -From (23> 

Th~· co~m'~nt''ts in order." . .> 

The matrix of' 3-dimensional orthogonal trans-Formation inc-ludes 
t .! • 0~ 

5 elemiints ~tio~e signs may be arbitrarily chosen. This -Follows -From 

the sign ambiguity of' initial and -Final state-vectors <there are 5 

such elements, since changing signs of' all .state-ve,ctors .does not 

a-F-Fect matrix elements>., If' the matrix is unim'odtiia'i,, then the .• •, ' ' . "'"·>~;< ~ 

ambiguity c:omJ:!r_ises pnly 4 elements. This .is t;he c_a!Se of' U and V 

matrices. 

i ·:·.:Some of' the c j, s j signs are -Fixed by the choice o-F signs of' the 

V matrix elements. Notice that e
1 

,e·2 ,e3 are Eul~r angles of' the U 
; . . ~ j '"1 ; '; ··; ': . " • . ;·~ ,._. 

matrix," not the V one: The latter matrix includes an additional 

rotation tr~ns-Forming the basis N,s,G· into z 8 , z 0 ,G. The· two 

rotations may -Follow the same.or opposite "direction". There-Fore, 

only 3 of' unknown cj,sj signs are determined by the choice o-F 

matrix element signs. These are the signs of' c 2 ,s2 ,c3 (see (ii)). 

The sign o-F c
1

· cannot _be determined this way. Choosing it 

positive or negative we make the matrix el~ment "xl big 'or small 

<as the' signs o-F s
1

· and c 2 are already· -Fixed <ci=~ (21> > >; 

changing the sign o-F cJ. af'f:ects the' state' of' z1 meson. There-Fore, 

8 

~ 

"' 

we need an additional in-Formation about the· structure of' z:l '.state 

to d~termine the sign of'cc 1 • The choice 

. . . ' . . ·2 2 
not too small.· If''it is small '(J\. 1 · < l\.2 , 

<iii>· is possible, if' c~ is 

l\.~ < ll..~> but:nonvanishing, 

then the. sign of' ci may be f'ixed'using in-Formation-about· the 

properties of''z
2 

or z
3 

~eson. The sign of' c 1 cannct•be·determined 

. . .. 2 
only in the case of' vanishigly small value of' l\. 1 •· 

The sign of' s
3 

can be only determined· -From· Eq~ <23> •· 

Concluding this point, we st'resst.hat in' the 'f'lavor::.:inde.pendent 

version of' ECMM all elements of' the'mixing matrix' V are· completely 

determined basing merely on the decuplet masses and one q'uafitativE 

in-Formation which is necessary to -Fix ttle sig'n of' c't· 

2. 3. The F 1 a·;.,",;;-·-dependent versii::ms · of: EC/'111 ' 

The f'la...;:~,.-_::deperid~nt' .Jersion is obtained, 

'··'· 

if' the 'constraint 

<22> is abandoned. Consequently, Eq.(23>'i:letermining·angle e 2 and 

sign of'' 53'(~~- Ci-.;)) is not included 'here. However, c}isj signs 

de-Fined in <i> - (iii)' may be le-Ft unchanged~ .The restrictions on 
. . 2 . :; .· . . . . . •· ... 

the masses and l\. 's remain unchanged. The'-Free parameters-of' that 

model may be -Fitted -From experimental data <notice that 

n/2 < e
2 

< n, since c
2 

< o, s
2 

>" 6' <i i>). On the'' other hand, 

this -Freedom ieaves room .for oth~r ~ers'ions of'' ECM·M·:·d~f'-ini'ng ' 

these quantitt~; in dif'-Fer~nt way. 
~ j ·' 't· 

\·.: ''':: ) ,:~ ~ 

i ,:o .: 
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3. OECUPLET OF 2++ MESONS 

We apply the ~laver-independent version of ECMM to describe 

decuplet of tensor mesons. The decuplet includes old-standing nonet 

. . 
mesons: a

2
<1320l, K

2 
<1430>, ~2 <1270>, ~2 • (1525> and 9/~2 <1720> as 

.the. tenth one. Fiting procedure may be split into ~ew .steps: 

JJ Establishing the_decuplet assignment 
__.; 

The masses o~ the decuplet members have to obey inequalities 

(15) and mass ~ormula <7> •. I~ these constraints are not obeyed 

_then the ten particles do not ~orm the decuplet. 

2J Fitting yy-decay widths 

Calculating widths o~ yy-decay requires only knowledge 6~ 

mixing matrix [5]. All elements o~ this matrix are determined 

by the masses and no .new parameter is introduced~ The agreement 

with _data _is achieved b)l manipulating with mass values. 

3J Fitting widths oF_hadronic decays ., 

-.,.The ~it requires 4 c~upling constants._ ,As',the m_i_xing matrix 

i~ .~ullydetermined, we a_re«able to per~orm analysis o~ these 

dec~ys without neglecting OZI-suppressed contribution,-

Besides o~ the.well established mesons quoted above, ~ew other 

isoscal,~!'" mesons. ("waiting· con~irmation") were t·eported [8]: 

~2 <1430>, ~2 <1565>, ~2 <1640). For the~e mesons, treated as decuplet 

candidate replacing the 9/~2 <1720>, ECMM gives the ~allowing 

assignments: 

10 

f\\ 

'"' 

the meson ~2 <1430) does not satis~y constraints (15>, 

the meson ~2 <1565) ~its (15) but not the mass ~ormula (7). 

These two mesons cannot complete the decuplet. 

-the meson ~~(1640) ~its <15) and_(7). Its properties should be 
4.. -:·J y:! ' 

similar to the P,~ope~!;ies o~. the 9/~2 <1720>, •. We do, not di_scuss this 

meson in detail. 

The mass ~ormula may be veri~ied by ,solving it with r_espect to 

some mass. This mass, being calculated ~rom Eq. (7), as well as ~2 ·s 
~' · :L.· , ~,:: .; i • · , J 

which are calculated ~rom Eqs. <9>, depend on many input masses. l~ 

is use~ul to realize to which masses these quantities are most 

sensitive. 

- - . 2 . We beg1n w1th observat1on that ~3 1s small 
.·_)( 

'2 
(~~ :$ o. 03). 

i . .j . 

i~ the 

mass o~ the meson z
3 

is bigger than 1700 MeV. At such values all 

propet·ties o~ the decuplet mesons depend weekly ,on. the mass o~ 

this meson. We solve the mass ~ormura· with respect··t6 "z2 • It 

~ollows ~rom Eq. (7) that the limit z
3 

+ oo de~in~~an upper bound 

·. :·. i : ~ j 

on z2 : 

•z
2

<a,b,z
1

,·z3 > !> z
2

<a,b,·z 1 ;oo> 
00. 

'Z2 . 

The value z
2 

corresponding to the mass o~ the 91~2 <1720) 

as z3 meson) is only a'little loli~r 'o.f 
. ·00 
z2. A

1
ssuming the 

(24) 

<treated 

di~~er:ences a zl and b- z
2 

small and considering only small 

changes o~ the masses' in the vici\tity' o~ thei'r :. c~ntral experimental 

values, we ~ind ~rom Eq. <7> 

z;'~ b ~ ~ ~ (25) 

11 



tofhera 

.t. ... Ill -Ill 
a2 .zl 

(26) 

It rollows that z2 depends mainly on band A, i-F z3 > <1.7 GeV> 2 • 

Its additional 'dependence on a, not covered,by 'band A, is much 

weeker. 
. . .... ' ' .. ' 

However the most important in what ~allows is that the main 

.... depandence o-F v mat~ix elements is stiil simpler: they depend 

only on A. 

:1.1. Dti!cays intorr 
. ! 

We use the -Following expressions -For rr-decay widths [5J: 

(j) 
· r <r2 > -12 2 

)')' =ph, space X (X.+~ y.) 
r <a > · 3 3 
rr 2 

where r
2 

< 1) = r
2 

<1270), r
2 

<2 > = r
2 

<1525), r 2 (
3 ) = El/-F2 ( 1720). 

zThe ratio (27) depends only on the elements o-f V •. Thus we have 

three relations to determine A. We use the -Following data [8J: 

rrr<a2> 0.90! 0.10 keV 

),.; .t:• 

rrr<r2 ~u.> = 2.76! o.14 keV 

r <r <2 > > B<r <2 > KK> 
rr 2 2 .. <0.11 ! o.o2> keV 

12 

(27) 

<28) 

(29) 

(30) 

r.}' ' ' 
jt 

1 

. 

'~.~:'1 :, 1 

l .\ 

,-: l ~ { .. ;· 

rrr<r
2

<3 >> B<r
2

<3 > .. KK> < 0.11 keV 

r ~<r · <2> 
KK 2 ) 

rt <-F <2> ot 2 > 

B<-f2( 3 ) ;. KK) 

(61.0 ! 5) MeV 

<76 ! 10) MeV 

0.38+ 0.09 
- 0.19 

The Fig.1 shows the dependence o-F the ratios (27) on A and 

experimental limit's -For· them -Following -From Eqs. ·<29) - (33), 

Assuming rrr<a
2

> = 1 keV, we rind restrictions on A: 

- A < 19 MeV- -From data on r 2 <1> meson decay, 

- 12 MeV < A"< 25 MeV - rrom data on -F2 <
2 > de.cay, 

-A< 28 MeV- -From data on -F2 (3 ) decay, 

and there-Fore 

12 MeV < A < 19 MeV. 

(31) 

(32) 

(33) 

(34) 

(35) 

In view or Eq. (28) and anticipating the calculated branching ratio 

B<r
2

<2 > .. KK) smaller than experimental value -Following -From 

Eqs. (32) and <33) we choose 

'A inp = 16 MeV (36) 

Then Eq.(7) requires 

1300 MeV S ma S 1305 MeV 

The value or Ainp is about 3 times smalle;.: than observ~d 
Aexp = 44 MeV. We shall comment on this probl~;.;· in t'he disc·;;;.,~ion~. 

.13 



For ~urther calculations we accept the ~allowing masses as an 

input: 

~ (1) 
2 

a = (1.302 GeV> 2 , K = 

<1.286 GeV> 2 , ~2 <3 > 

U.-425 GeV>2 , 
, z_ ,_ . 2 

= U. 713 GeV> • 

(2) 2 We calculate ~2 = <1.~25 GeV> ~rom the mass ~ormula <7> and 

(37) 

A 1~ = 0.2851, A
2

2 = 0.7017, A3
2 = 0.0132 ~rom Eqs. <9>. The mixing 

matrix is 

0.9819 0.0404 0.1851 

v = 1 -:-0-0865 0.9648 o.2484 I 

-0.1686 -0.2599 0.9508 

and the ratios (27> are: 

(j) { 2.64 r <~ > 
rr 2 = o.16 

rrr<a2> 0.37 

~or --~2<1270>. ~2· (1525), .e/~2(1720). respectively. 

3.2. Two-hadron decays 

Two-hadron decays are calculated usi~g ~ormula [9J: 

r <k> mn 
p5 
~: l<mnlk>l2 

(38) 

(39) 

(40) 

·where k- is decaying particle, Mk- is its mass; m,n- are decay 

-~~~du~ts, p-is their c.m. momentum; <mnlk>- is SU(3) *actor. 

l4 

There are two kinds o~ tensor meson decays: ~ ~ VP <into vector 

and pseudoscalar meson) described by single coupling constant gv 

and T ~ PP <into two pseudoscalar mesons> described by three 

coupling constants g8 ,g0 ,g6 , corresponding to Toctet~ PP, 

Tqq sing!~ PP, G ~ PP, respectively. 

Our main purpose is to describe decays o~ isoscalar tensor 

mesons, since only these mesons may include g'lueball component. 

These decays are the T ~ PP ones. As all elements o~ the mixing 

matrix are determined, it is simple to ~it all coupling constants. 

However 0 we should also veri~y consistency o~ the Ainp with ~trong 

decay data. There*ore, we discuss also T ~ VP decays. These 

processes provide an independent test, as they depend on separate 
~ . . ' ' 

coupling constant and their_ widths strongly depend _on the mass' o* 

the decaying meson. 

We begin with the latter problem. The constant g may be chosen . ' .. -.· . - v ·. ·- . 

to ~it K
2 

decay partial widths. Jhe same value o+ the gv .~its also 

a 2 ~ pK partial width. So these data do not contradict the input 

masses 
inp 

(37> and 1consequently the value o~ A • The decays K2 ~ PP 

and a
2 
~ PP are also described by ·single coupling constant g8 

which can be determined *rom-similar ~it. Again we ~ind the Ainp 

consistent with data. This way we ~ind: 

2 
gv 2.020, g8 = o.710 (41) 

Using the value o~ gv2 we predict also the widths o~ the ~2 • (1525>, 

·- -· 91~2 <1720) ~ K K + K K decays. 
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The nn,; KK, T)T), decay rates. oi' isoscalar tensor. mesons are given 

by the -formulae: 

',- u: 

r cr<j> >= ~ P
5 

[ff3 (go~~ g8)~ .--.!. .. (go~~ g8>y · + ~Gu · ] 2 <42 ' 
nn 2 2 M j -,13 J -,13 , ,. . , -,13 J J 

( . ) ' 5 ' rz; 1 ' ,.t1 1 '. . 2 
r -<i' J >=2 _E._. ["f ;;;3 ·'<go--- g8>x .+- <go+- g8>y :' + gGu ·] 

KK 2 M j 2-f.S J -,'3 -,'3 J J 
(43) 

' ! ~ ' • ' -

: --; 

. . (j) - p
5 '/"2' 1 1 2 2 4 r ·· <i'

2 
>- -M ["f ;;;3 . ·<g0--g8 >x.+,..- <g0+- g 8 >y. +g6 u.] cos ep .. <44> 

T)T) j -,'3 J -,'3 -,'3 J J 

" ~1 .. ·. •" "' ' . ' . ' • ., .. 
where ep -'is mixing angle oi' the pseudoscalar mesons. 

.. In' these' expressi.ons the' o'niy unknown quantities are g0 and g6 • 

It has been verii'ied by calculation that experim~ntal results on 

'i=i· r;• .... fTfT. KK, nTi decays' and o'n the ratios r m/r KK' r Y)Y)/r KK 

i:orr ·eii=~' '< 1720) are' well reproduced, ii' 'these' constants are. chosen 
;,.,. ,, 

such that [8J: • 

r nn <r2 <.1270> > 157 MeV (45) 

\;,'. 

rnn<r2 • <1525>>1rKK<r2 • <1525>> =,0.0115 (46) 

'' w~''Hnd 

"} g0 _= 1.007,, g6 0.187. <47> 

l 
f":'iJ 

.The predicted widths are compared with the .. observed ones in the 

Table 1. We use the -following values i'or the masses oi' the decay 

products: 
,. ~· 

m = 139.6 MeV, mK =· 495.~: MeV, mT) = 548.8 MeV, 
fT 

m = 768.3 MeV, 
p. m * = 894.0 MeV,·m = 781.95 MeV, 

K .· , w 

.· . * . 
where the masses oi' K and K mesons are arithmetical means oi' . 
charged and neu~~al components. We use ep = -10° i'or mixing angle 

'1·:. ~- . ·. ~ { •l: , . ' 
. 0 . ' 

oi' pseudoscalar mesons and 35 - i'or vector mesons. 

The Table 1 shows.that i'or that mesons which are assigned to 
,.) 

'i• 

the nonet the predicted widths well agree with data. For 9/i'2 <1720l 
' 

meson, in contrast, the ratios oi' the calculated widths agree with 
' . . ~ f 

the data, but the widths themselves are i'ar below 138 MeV quoted 
.-. '1. 

i'or total width C8J <ci'.e.g.[10Jl: 

r fTfT (9) + r KK (9) + r T)T) (9) + r K*K+c.c. (9) < 10 MeV. <48) 

~. DISCUSSION 

aJ The value oF b. inp 
·.;_ •· .: 

The value ·oi' b.inp required by radiative decays contradicts the 

experimental values oi' the a 2 <1320> and r 2 <1270l meson masses. The 

Fig.1 shows that the upper bound i'or A is shii'ted up to about . 
25 MeV <the upper buond i'or ryy<r2 ·>>, ii' ryy<a2 > ~ 1.1 keV. 

However, higher values oi' b.inp are not allowed, since 1 r <r2 '> · · · rr 
would become too low and rrr(9) probably too high. 
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• 1 inp · The value or A is also controlled by the mass -formula and 

by the hadronic widths. 

The mass -formula <7> is not obeyed by the central experimental 

va'lues or the masses. Some or the masses must be changed a little 

(in a -favoured easel beyond the experimental bounds (8]. Reduction 

or A acts in good direction, but the accepted value or Ainp imposes 

·"' the change or the masses remarkably exceeding experimental error. 

:Also'. t~e ~inp does not contradict data on the hadronic d~cays. 

This cis seen -from the ~idths or a 2 ,K2 • VP, PP de=~ys. These -~e~ays 
depend on single coupling constant and the'ratio ~r a 2 • VP d~~ay 

width to.the K2 • VP ~ne depend on the ratio or a 2 and K2 mass~;· 

The same is true ror the PP decays. It -follows -from the Table 

that the accept,~d v~'ll!'~ or' A inp d~es ;,~~- ·~ontrad1ct data. 

Consequently; we conclude that the discrepancy between Ainp and 

the observed masses or a
2

<1320>, r 2 <1270> mesons is something real 

and calls -for independent explanation. 

bJ Suppression df' the glueball decay 

The coupling constant or the OZI suppressed decay S • nn 

simply connected ·with g
0 

and g 8 : 

gSrrrr 

'·' 

1 

-,'3 

18 

- 2 gs> <go -,'3 

lS 

.: <49> 

It is interesting-that the'rit requires: 

gS~ri ~ 
1 

-13 
gG. ·.i'' (50) 

Actually, the widths quoted :in the Table 1 are calculated assuming 

• the Eq. <SO> exact.' We thus rind that decays or the glueball into 

the pair or quarkonia are 'suppressed.: This r·esult sugge~ts that:the 

mechanism or such glueball decays is closely related with the 

mechanism or the OZI-suppressed decay S • nn. 

\ 

c: Nonet mesons 

Small gG implies week inTluence or'the glueball ccimpcri'elit' on 

the hadronic widths·or-these·mesons'.which;are mostly q'i.Jarkonium· ' 

states:··rThererore,1 we·-may. e>:pect dir-ficult'·'to·detel:t ·their glueball 

contents b·y investigat:fng only decay processes or ·that· mesons' which 

are assigned to the nonet <cr. Clll>. Let us now 'discuss short!\' 

the nonet mesons.• 1 : ~ " t> 'l 

It has been shown: (3l ·that the mass 'sum rule and -the· mi xi_ng 

angle or the non-ideal nonet.'are obtained'as' z3 ~·Q)· limit'orthe' 

decuplet ones. There-fore, we ,may use the decuplet computing 
'~ •, • . ·t - ; ; 

program choosing su-f-ficiently large value or the mass or z
3 

mes?n· 
·'' :· I ;• '>'2 \ , .., · .. · ~2()' > .. 

we·put z3 = <1000 GeVl • For such z
3 

we r_ind A.
3 
.. = 5•10 and 

" . .:. ' . . ' : {' 

etr2 <1720> is disconnected. The calculated widths are given in the 
: { ' :: > ' • ~· 

last column or the Table 1. The data are well -fitted with a 
; < .. 0: • - <> •• , ~ :--;.,' ,._ >; 

slightly changed values or masses and coupling constants: 
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(1.310 GeVl 2 , K = 2 (1) (1.275 GeVl2 , 
a = <1.428 GeV) , -t=2 = 

-f2 
(2) = (1,525 GeVl 2 , g

8 
= o.690, g0 = 1.065. 

For mixing angle we obtain 30.3°. 

In a sense this -fit is better than the decuplet one, since the 

va.lue o-f t;.. <_c-f. Eq •. <26)) is less restricted and the mass o-f a 2 may 

be higher. However, also the nonet is not out o-f this trouble. It 
,.,J 

accepts t;. larger than decuplet, but sti 1"1 smaller than observed. 

5. CONCLUSSION 

The ·present analysis does not give de-finiter answer to the main 

question: is e/-t=
2

<1720) the glueball~ or not. According to ECMM the 

e/-t=
2

<1720) may be a meson including about 95% o-f the glueball state 

in the amplitude provided the discrepancy between the input and 

real masses o-f the a
2 

<1320) and -t=2 <1270) mesons has independent 

explanation and hadronic two-body decay widths o-f el-t=2 <1720) are 

su-f-ficiently narrow. 

The coupling constant o-f the glueball decay into two 

pseudoscalar qq mesons would be simply related to the OZI 

suppressed .decay coupling constant: g5 ~ --
1
- g6 • rrrr ,13: • 

Suppression o-f the hadronic glueball decays makes the decays 

o-f that isoscalar physical mesons which are asssigned to the nonet 

insensitive to the glueball admixture. On the other hand the qq 

component o-f the mostly glueball meson would be emphasised not only 

in its hadronic decays, but in the rr decays as well <c-f.<36ll. 

20 

.. 

This make~ the -f~~t~..:-.es o-f c=.'l-f2U720~ . t!~st~r~_ct -from what we expect 

-for pure glueball •. To understand .them, we must know the glueball 
::',' 

mixing •. 

Author thanks pro-fs. W.Tybor, W.A.Meshcheryakov, 

dr. P.Kosinski and especially pro-f~ S.B.Geras1mov -for valuable 

comments. 

rrr!t~.l . 
(keVll 1- t

1
(1270l, 2- t~(152Sl, 

3.0 
3- t2.(1720} 

10 20 !J. (MeV) 

Fig.l. The rr widths of isoscalar tensor mesons as functions of A 

(mass difference of the a
2

(1320l and f 2 (1270l mesons). The curves 

1,2,3 correspond to f
2

(1270l: f 2 '(1525l. a~ci e;i2 <1720), 
<t ' . ', • '• 

respectively. (1). (2), (3) are .experimentally allowed domains of 

these widths. 
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Table 1. Hadron decays ot tensor mesons 

Particle Decay mode Width 

M •. rtot Experim. Calculated (MeVJ 

(MeV) VP pp VP pp Decuplet 

a2 .. prr (70.1!2.7)'11 70.7 

1318.4!0.7 .. KR (4.9!0.8)'11 "5.2 

102.7!2.2 .. "1)7t (14.5!1.2)'11 9.9 

• l)'R ( 1·' 0.01 

K2. .. pK (8.7!0.8J.MeV 7.5 

1425.4!1.3 * (24.8!1.7) MeV .. Kn 26.5 

98.4!2.4 .. wK (2.9!0.8) MeV 2.4 

.. Kn (48. 9!1. 7) MeV 47.7. 

.. Kll (0.14:g:~~J MeV 1.5 

f2 .. nn 1156.7:~:~) MeV 156.9 

1274!5 .. KR (8.6!0.9) MeV 9.1' 

18,!20 (0.83!0.19) MeV 
l .. ,, 0.95 

f • 
2 - •nn co.7o!o.14J MeV 0.6'0 

1525!5 .. KK (61 ! 5) MeV 52.0 

76!10 .. ,"1) (23.9:~~~) MeV 26.8 

*- -* .. K K+K K 14.3 

e .. nn (3.90:~:~g) % 0.77 

1713 2+1. 9 
• -4.5 .. KR (38:~9) % 4.1 

138+12 
-9 .. "1)"1) (18+ 2.0) 'II 

:-13.0 2.2 

*- -· .. K K+K K 2.6 

For the decay products we aaeume: 

P: m,. • 139.6 MeV. "1t • 4'95.6 MeV. m., • 548.8 MeV. ep • -10°: 

V:" mp ~ 768.3 MeV. "1t* • 894.0 MeV. mw·· 781.95 MeV. ev • 35° 

Input ·for the decuplet: 

• 2 • (1.302 GeVJ 2 • K2 • (1.425 GeVJ 2 • 

t 2
111 • (1.286 GeVJ 2• t 2 !3 l • (1.713 GeVJ 2 : 

gv
2 

• 2.020. g8 -·o.110. g 0 • 1.001. va • o.187. 

Input for the nonet: 

a 2 • (1.310 GeVl 2 • K • (1.428 GeV) 2 • t 2 (l) • (1.275 GeV) 2 • 
2 

gv • 2.020. g8 • 0.690, g 0 • 1.065 . 

22 

Nonet 

73.0 

5:2 

9.8 

0.01 

7.6 

26.4 

2.4 

45.6 

1.5 

158.7 

9.8 

. 1.1 

0.60 

52.1 

26.8 

14.7 
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