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ABSTRACT

We evaluate the two photon width of the &(980) using three-
peint function sum rules which are able to predict accurately the
anomalous ﬂo > ¥y and non-ancmalous & + nm  decay rates. The
prediction, though smaller than previous results based on vector
meson dominance, is still higher than the present Crystal Ball
data. An analysis of the three-point function with cne gluon exchange
cannct support previous successful explanation of the data within the

four-quark scheme.
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[t remains still an open problem to understand the exact quark content of

the well-established [ - 1, )© 0" 6(980) resonance which just lies abave the

KX threshold.

Actually, we have two tendancies, The first ore is the conventional quark
model point of view, where the & is interpreted as the lowest ground state associa-
ted to the divergence of the vector curreat and so it is the chiral partner of the

Goldstone n-meson. Various properties and implications of the & within such a scheme

have been studied so far (hadronic uidths1). quark mass-differenceZ). decay amplitudeS),

3, v 5) 6})'

quark condensate ratio” | A-mass ' ard couplings and all of them agree well with
the data and with some other independent predictions. However, the degeneracy of -the
6—5‘ masses and the possible strong coupling of the S. to KK pairs remain unans-
wered if the S5 isa §s state, as one actually expect to have a 3§s state to be
arcund 1.3 GeV, due to SU(})F-breaking effectsﬁ). Among other possible solutiens to
such problems, we can have a low mass o glunniumT) which can aix with the qq meson
in the isoscalar channela), or we can blame the quark model and propose a four-quark

*9)
structure of the & and § H

oo = L () G- d0)
Vv

Lo Gu sl )

fS.>
vz

which appears, at the first sight, to be unrelated to the notion of divergence of
vectar current (which vanishes for m = m_ } for the & . However, Eq{1) has motivated

d
2 large amount of phenomenological analysisg_11) but there has not yet been any con-
vincing evidence of the true quark structure cf the 6-meson as both schemes of the

quark assignement for the & reproduce quite well the G&-parameters. However, it has

been claimed recently11) that the Crystal Ball dataqz) :
Flo~y) 86 ~xn) = (0.9 20,077 "W kev, (2

provide 3 goad source of informaticn on the quark structure of the & -meson. Ref 11) has
extrapolated the charmenium result13) in order to relate the wave functions and so the
two-photon width of the & and of the well-established tensor meson Az. In this way,

he concludes that the ud assignement for the & gives a two-photor width of the

order of 1.5 keV which is too high compared to the data in Eq(Z}. However, one can suspect
the validity of such a method for the iight quark systems. In this paper, we use three-

point function sum rules, which have given some quite satisfactory predictions for the



ba, 5, 14)

couplings of known hadrons , for the study of the two-photon and hadronic couplings

of the &-meson, We choose to work with the three-point function subtracted at the Eucli-

dian puints)

which is certainly Tree of mass singularities and where some eventual amema-
lous thresholds ard 2nalyticity problems are absent in the approaimaticn of narrow resonance
poles used in the analysis . Qur paper will be organized as follows : Firstly, we estimate
the 1* -~ Yy and 6 = nn  decay-widiks which are representative for an anomalous and 2
non-anomalous processes and which are well established experimentally. Bace we obtain a
control of the accuracy of our method, we study the open case of the & — yy width in the
models where the & is a ud Pconventional® state or it is an sxotic four-quark state

of the type preposed in Ref 9}, We alse study, in this later case, the hadrenic couplings

of the & which we shall confront with the data.

1. t° ~2y and & -~ nr dacay widths

for n° = 2y, we estimate first the wpmn coupling using the three-point

functlans) :

™59 = £a' d"y 10X 1PY g G f;(x) Jn(u) J:(y) o>,
with : {3

1. a0 o .
1) = }_; {2 m d(x-fs)d -im u(h’s)u] T,
J;(x} = -12~ e -dyt
(4o}
J:(x) = % s By . yte) :

wheére the quark currents are normalized as :

s 2
<0l | = V2 s (f =053 hev),

W

W .
<0 J:(x) | v» = — e . (vzp,w; sz_wi =2.57). (kb))
2,
v

The leading-0CD contribution to [q(3) is due to the ones in Fig 1a. We parametrize the
phenomenological part of Eq(3) by the narrow rasonance poles. Therefore, we apply the
16)

Laplace + Borel operator in order to improve the duality between the two sides of

Fig. 1. In this way, we depress the effects of unknown hign dimension condensates and

T e .’galagtgfii"jﬁ‘]ﬁ?:]Qg e

the ones of higher radial excitations. The effects af the latter have been estimated to

. L
give an increase of &0 % ) in the LM of the following leading-order sum rule : iy
2 Mz ME 1 _ 1 'Hz 1 F
g a1 () () <> T e, (5)
wor xox o, P 2w d
Y, M,
which stabilizes for r between 1 to 2 Gev'z {r = 1/H2 is the Laplace - Borel sum
rule variable}. At such valpes of t the effects of the mixed condensate
m <@ o™ Au F:v > evaluated in Ref 5) is negligible anc where we have used the
phenomenclogical parametrization g <u &V A F:U> = Mg <u>  with Hg = (0,2 _ 0.5} gev?
proposed in Ref 18). Taking intoe account all abowe possible effects, we obtain the
numerical value : ﬂ
2 1 "i
= . . Vo r
uon (27p) (Zy) (1.6 Fe/Ge¥’) = 11.8 Ge . (6a) i‘
which can be translated to ngT through vectar meson dominamce : -
2 1 1 -2 -1
% Ze (5. ) (3, ) = 2.510 " ga¥ (6b)
Iy upr "3y 27 >
p w
and which corresponds to the twe-photon width :
“5
2
r(f~y) = fgrn[ L =55, (7
(11}
in good agreement vith the data (8 & 0.5) e¥. Now, let us studv the & —nx width,

= T

We shall use the result in Ref 5) for the 6 KK-coupling from the saas method and by

combining the three-point function censtraints with the two-point function ones which

———

help, in fact, to eliminate the radial excitation effects though mot explicitly

said in Refl 5). One gbtained :

Sog ® 2 Ge¥ (8)

*}  One could also incorporate in a systematic way the effects of all higher radial

excitations by using a Veneziano-inspired dual madel1?) where the parameters have been

fixed from low energy dat2 and current algebra constraints. We found that such effects I

give an increass less than 90 % in the LHS £q(5) at 02 =1 Gavz. f h
I
»



which with the help of the su(s), relation :

= JL g . (9)
Yonm = \/3—96“ :

gives : 2
1 | : 1 Mn) (10)
r(6~-nm=— |g = {1-—= 2" 37 MV ,
16% ann MG Mi

which compares favourably well with the data of 55 Me¥. Our tests in Eqs (7) and (10)
indicate that our approach can be creditle within at most a facter two like we have
already emphasized earlier5’15). However, some other authnrska‘ T} expect that the
agreement between the data and the sum rule predictions are within 10 ~ 20 %, which

in fact are the accuracy of our results in £qs(7) and (10). Armed by the above remarks,

iet us study the & — -y width.

. &low - dd) -~ yy width

o

. ]
Therefore, we analyze the &yy-coupling like we have done for the n'yy one.

e start with the &-current nermalized as :

==

J, = — (nm

-m ) {dd - el {(112)
& = d mu
Ve

n order ta have a renormalization group invariant operator.

o

We define the &-decay smplitude as :

2
- ] 11
<o | gl 6> = Jer M (11b)

with f6 > 1.3 MeVz‘j). The QC0 contribution to the amplitude is due to the one in

Fig. 7a. We obtain :

2
- m
uv VL Y, <uu > é} 1]
Mg - e - ) ———— 1L U5, (12)
d u &(02)2 02

where the mixed candensate effect is zero, to leading order. We parametrize Fig. Tb
by the &, w, p poles and we use a duality between the two sides of Fig. 1. Such a

coastraint is improved using the Laplace = Borel operator. Therefare, we obtain the

sum rule :

_4_

wlie 24 2
= (m,-m ) <gu> T 1 e v (—p) (—L) 1 . (13)
d v 2 2z 2
M M f. M
p w b6 6

% upt

]

where we have used M, =M =M . The aralysis of the v behaviour of Eq(73) shows

¥ w p M5 2
that there is a stebility for v =1 .2 GeY ~. We use the value :

19)
(m +m) (1 GeVZ) = 15 Mev19'5) ;om, T 18w, (%)
u d d u
whick gives with the help of pion PCAC
- 2y . 3
<up> (1 Gev") = -0.011 Ge¥”~ . {14b)

We can consider the effects of higher radial excitations to the LHS of the sum rule to
be of the order of (60 . 90) %. The first number is based on the good realization of

the asymptotic SU(Z)L x su(z)k symmetry which implies the. same strength of continuum
in the analysis of the wem and wmd couplings. The second number comes from the dual

* model in Ref 17). Therefore, we obtain :

Tps ¥ {8~g.4) e, {15a)

Using vector meson dominance, we deduce :

r =1 g = (1.5 . 2.2) ke¥ . {150)

‘2 Ww
&6 = vy b4 x Ll 8
We can also work for the obtention of gupﬁ with the ratio of the &wp and wp
vertices. In this way, one can expect 2 much less effect of radisl excitations in the

analysisZU). We obtain :

Z 2
;] 207+ M m_ 2 i m,-m
(22 = (5 () B2 (162}
- Cay M fs ™y

The validity of Eq(16) should be in the range of Oz-values where both the lowest pole
dominance and the leading OCO expression make sense. We expect that such values of 02
is of the order of MS -1 GGVZ. We obtain :

= - 3}
905 (0.7 n.e)qw“ . (b}



Using the phenomenological value of gwpn = 1.05/f‘ , we deduce the two-photon
width :
= (1.6 - 2, .
ey (1.6 - 2.6) kev “n
The results in Egqs{15t) and (17) are surprisingly much higher (by a factor ranging from

4.5 ta 52) than the data quoted in Eq{2). Such a disagreement appears to be 2 common fea-

ture of the qq model predictions (see some previous works in Ref 21} and the recent
paper of Ref 11) which are mestly based on the vector meson dominance ¢f the photon and
scalar propagators, Our results might indicate that the &-meson canmnot be treated like

other conventional mesons. That might be due to the fact that the narrowness of the 6

can be accidental because it stays just above the Ei-threshold. In the same way, if the

L] P
§ is a (e « dd) state, we obtain a twe-photon width which is outside the upper limit

. 22
given by the Crystall Bail and Jade experiments ) :

P =y} < 0.8 kev . (18)
New, let us discuss the implications of the four-quark scheme of Ref 9). As before,
we shall test the accuracy of the mathod from the analysis of the & — nu width and
study later on the & — ~y process.

3. 6 ~ nm, KK in the four-quark scheme

We can form,in principle many operators which have the quantum rumber in
Eq(1) in the Dirac and colour matrices basis, For definiteness, we describe the

&-mesaon by the fellowing colour singlet interpolating fields :

&, -07 - 16 (192)

1
with
1 - - -
G — I srsuru-arey (19b)
Vi r=atvyg
&} L) Gras)erad - arafe {19¢)
Vi reayg 2

and t is some coupling coefficient which mixes G‘T and (?; .

la is the colour matrices %nd the combinations in £q(19) have teen shown to be free
of the non-local % log EE divergenc923) " {4-€ 1is the space-time dimension).
Wa shall treat the quark iX Eq(19) as "current™ quack so in the chiral limit we have

*)  The reiative sign between the - and s contributions cannat be fixed from the

two-point fynction anslysis of Ref 23},

mo2m =m_ =, However, we are aware of the fact that the four-quark scheme might

only be consistent with a "quark constituent™ treatment. If so, such a feature will be
24y

signaled by the dominance aof the quark condensate in our approach as it is known

that this quantity provides the dynamical part of the quark constituent mass.

We describe the n by the octet current :

g = uI;= 2n, uli Yoy - ka s (i 75)5 L. (2063)
with :

<o|.|81n>=Jz'anf1 (=% 1), (208)

5)

and the n -~ n' aixing angle &= 1?'2 . Therefore, the leading contribution to the

+
&nn coupling is tke diagram in Fig 2 a,b due to tEe ﬂ?‘; operator. It is easy to show

that the "good" operator whick is free of é leog EE in the chiral limit is & ;
Y

but not @‘;, while &?

contributien of Fig 28,0 is

cannot contribete in our leading-order approximation. The

3 DZ B
T o=(mem)n <ss> () {o_log— + — <iu>} . (21)
nu u 4" s Zt2 5 \; 302

Taking the Laplace transform of r'_"t , w8 obtain the sum rule :
2

=

G o

(1__r') —_
Mg af <

1
g&m- cas 8 : .42
£EE

[ 147 NN (22a)

where f[ is the O-decay amplitude (E will denots in the following the &-meson in

the four-quark scheme). The function f(1) i5 :

81?
mo{m - —— <gu> 1)

1 5 S5 3
flr) = 0, , {220)
Mz T MZ - Mz T
[{1-e'")—Tn(1-e |

"

2

which we show ia Fig. 2e. The stability of (<) is cbtained for 1 = 0.7 - 1.7 Gev~
Considering the 60 -~ 90 % effects of the higher radial excitation states which we had

in the previous analysis of the qq assignement, we deduce the value af the coupling

-7
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In the chiral limit Lrn5 = (1}, we expect to have the order of magnitude estimate of the

constant :
vertes
1
g x (2.1 -2.5) 6oV . —————— (23) a 2 } z
onn 7 1 AR (D) Ger <ier —— gL, (26)
(1+=") Tr T 2,2 F
(0%} v
9
where we have taken into account the 16:2 factor coming from the loop moaentum
. . ooy h
whera we have rescaied the decay amplitude TE 2.7 Me¥ by taking into account the integration and the factor due to the traces aver the Diraec and colour matrices.
cantribution of & 7 in the two-point function analysis of Ref 23). Eql23) suggests Then, we can deduce Trom Eq{26}, the Laplace sum rule of (02)° )
that : kil
2, e 4 s 2 -1"5‘ 2 :2
Mo~m) = (62 -o8)Mev . — ' (24a) g = (D (D = b D ci><EeeT e G 2, ()
32 tZ M M Vi EL n
(“+L4) po®
3 where we have taken H[ BN o= Hq,:‘. MV' We find that it is much acre informative to
which for the data of the order of 55 Ms¥ corresponds to the value of t : take the ratio of Eq(13) and £q(27) 2nd to use vector meson dominance in order to see
the relative strength of the &yy coupling in the two and four-quark schemes.
|t‘ o0z -0h . {24p) We deduce
the &= Kk process both & and 5t can contribute, The evaluation of * 9 ? - ¥ M"
ror the Pre ’ 2 ; i S S N NI SR (280)
Fig 2c,d shows that 5}2 is the opaerator which is free of 3 log :f singularity. gﬁTT T (Md_mu) M% ) fE v ] t
16 t
The deviation from the SU(3) -relatian in £q(9) is of the order of (1 + =5 .
R hich stabili f = 2/M hich the optimal value :
vhich for the values of t in Eq(24) gives : o stabilizes for 1 / y at which corresponds P valu
& 2
_ - - 2 = _S .
9 5¢ " (5 ~ 8) Ge¥ » (25) ) %y 04 (=) Yory {28h)

which is still acceptable phenomenclogically. Actuzlly, an eventual significant devistion A
The 5U(5}F- breaking effects due to the non-zero value of the strange quark mass can

of the data from the SU{3) -relation sheuld be due tc the presence of the (-operator. . i
f 2 increase E£n{28) by at most a factor two which is a typical size of such effects. However,

So it is intrresting to also have an accurate measurement of this coupling. Now, let us turn . X _ b
the result in £q{28b) suggests that the O-photon width due to C;1 is 10 times

cur attention to the 6 — vy width.
smaller than the data, So, if the & is indeed a four-quark state its wave function

should contain other operators than GL; . 50, let us study now the effect of the Cg;;

4. 8-~y in the four-quark scheme. ) .
operater which has the advantage to contribute to the & —yy amplitude by a

(asfn) stronger factor than E}%

(Fig 3d). In the chiral limit the leading effect is due to the double <3s> <pu >

If the ey; because one needs anly one gluon exchange here

pret trom Eq{1) and Refs 9}, then the & —~ -~y width should come from the diagrams

sperator is not inside the &-wave function, as we might inter-
in Fig 3a-c. Due to the Lorentz structure of the first super-Iweig allowed diagram cendensate. We get the gauge invariant result of the amplitude :

in Fig 3z, one can show that it does not contribute to the & —yy amplitude.once 2
log = (29)

o
W, v Y L] s - -
f_n ={g" (pug) -g"p ) . — = ) <3s><uu>

symmation over the pelarization of the outqoing real photons is done. The non-vanishking 27 43 (
Q

effects of 5}; shoeld come from the ones in Fig 3b-c where even number of gluon lines
should be exchanged between the two-guark blebs. The OCD evalustion of such contributions

is technically complicated because we have to deal with two and three-loop calculations.

-g=-



where we have normalized the 4&-meson current 3s :

2
u 1 - ¥ 1 uM‘D
Jg = iy sy s:,<0|J°]0>:€5—{ (30)
]
242 v : . .
We take the Laplace transform of (Q7)° I/ ., This will ailow us to eliminate the

vw-depeadence and the effects of unknown ; 7 terms in the sum rule, We obtain, by
(%)
. 1
taking Hﬁ B Mp = MQ = 3(H§ + Mp + M@) = HV and by normalizing with the result in
£q(13), the ratic :
g o f Hh
4 4 §
s GV LA L L R AL SR 1)
g 77T (aem) Mt v
by d uw F E

wiich stapilizes for 1= ZlHi . We expect that the SU(S)F ~breaking ferms affect
Eq(31) by at mest a factor two which we have seen explicitly for the simplest cases

of the &nr and &K couplings. Therefare we cbiain the estimate for t = 0.2 - 0.4 :

CCE = = (2-5) 10" ey, @23

where we have taken into account the effects of SL; in the two-point function analy-
sis of Ref 23 by rescaling f{' We need a factor at least hundred in order to restere
the agreement between Eqs(2) and (32). Hece, we comment briafly on the result of

Ref 10} who also naticed that the leading-contribution tqg the two-photon width af the
scalar mesan in the faur-quark scheme is due to the three-point function where one

gluon is exchanged between the guark blobs. Then, they obtain the very crude estimate :
4
(e = y) . 7@ (6 = yy) (33)
. 5 -
{qq) 49

which in, our opinion, might not take properly the “2 factor which emerges from the
momentum integration and which is actuaily the factor which renders our result in
£q(32) teo smali. iherefare, an improvment af the crude sstimate in Eq{33) will be

necessary for clarifying the conclusion ef Ref 10,

Cencluding Remarks

We have studied the hadronic and two-photan widths of the 6(980) using three-
paint function sum rules. We have shown that the & = o7 width are well predicted in

the qq and (aq)2 quark model-assignements of the OS-meson. {Eqs {10) and {24)].

_lo-

The &KK-coupting can deviate from the SU(})r—relatiun in Eq(9) by a factar twe to
three if there exists in the B-wave function, operators of the type

(sr Aas)(ﬁ A% - ¢ A%). We are aware of the Tact that the evaluation of the

6~ yy width using similar methods does not lead to a satisfactory agreement with

the recent Crystal Ball data12). The qq assignemsent of the & leads to a width
higher (4 - 50) than the data [Egs (15,1?)} while a (ﬁq)z assignement implies a

width at least hundred times smaller [€£q(31)]. Persumably, the marginal position of

the & just aboye the KE-threshold might be the origin of the failure of the theo-
retical approach, but then, it is unclear why the approach is able o predict the
correct hadronic width of the & but met its two-photon one. (ne might, therefare,
speculate that the underlying assumption of vector meson-dominance of the two-photon
prapagators might not be a good approximatioa for the case of the G-meson. Vector-meson
dominance of the photon prepagator favours respectively the & - py process in the quark
model and the & —= &y ade in the four-quark model. A study of these reactions should be
of great importance for testing the substeucture of the &, Wowever, if we insist to fit
the data of vy using the conventionat approach used here based on vector meson domi-
nance, we should assume 2 mixing scheme between the gq and (Eq)z assignements of the

&-wave functian26) :

|&> = cos eM(md~mu)Ed + sin @, ss (ud) (34)

where the 6 -+ +yy width constrains ©, to be greater or equal than §2°, Im this case,

one should notice that the & —~nx pr:dictiun cbtained earlier is aimost unchanged and
so it still agrees with the data, However, Eq{34%} should affect notably the value of the
quark mass-difference obtained in Refs 2,3) which is, however, unlikely. From the above
analysis, we might conclude that either the G-meson is much more exotic than naively
expected or (and) the approach used here based on vecter mesen dominance of the photon
and scalar propagators are inadeguate for the &-meson,

We might conclude from our analysis that :

1} The gq assignement of the & can be doubtful if the vector mesen dominance of
the photan and scalar propagatars are proved to be a good approximation or vice-versa.
An gxperimental measurement of the & —~ py process should test simultaneously the above
two assumptionsZ?J. It would be also desirable to znalyze the two-photon width of the 6
using an effective QCO lagrangian which is consistent with the quark modgl and with the

28)

realization of QU0 chiral symmetry which does noi necessary need either the asumpticn

of vector mesan dominance or the picture of the k-K molecule for the 611). However, we
taink that, at present, such a program caannot yet be dane carefully because we do not

have yet 3 complete lagrangean which incerporates propecly the caupling af a scalar mesen

-11-
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with the nen-linear pseudoscalar Goldstone mesons put in the electromagnetic field.

2)  The (ﬁq)2 assignement of the & is not enough for explaining the smallness
of the two-phaton width of the & contrary to previous result of Ref 10}. If indeed,
the & 1s a four-quark narrow resonance, then we might expect a production of the &
through the @ radiative decay. Also, if a large deviation of the 5 KK-coupling from
‘the SH(})F—ralation is observed, we might expect the presence of the cperator

I sr As (0 3Ty - 327P4d) inslde the G-wave function. So we think that a
r:‘ﬁ,-“h}

careful measurement of the above parameters should help in answering the nature of the

the & .

Perhaps, the &-meson is much more exotic tham usually expected !
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