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ABSTRACT
The arguments in fevour that the scelar mesoms S0 K

are tightly connected with the longitudinal part of the
f@i’ﬁn‘@f current are presented. These argurents are based
on the consideration of the correaponding QCD sum raules. The
natural explanation of the large ‘.iﬁ /K mass difference and
coincidence of the S°, & meson masses is presented. The mess

values /% ¢c /M5=1GeV are obteined with the help of QCD sum rules.

Hovosibirak




L. Introdnction

The significant progress in understanding of the structure
of the classical hadrons (7, 4,7,) is reached at present.
_Thié progress has been reached mainly d.ua %o such a powerful
nd fundamental method as that of QCD sum rules ﬂ.ETBleBﬂ.bjr
Shifmen Vainshtein and Zakbarov [ 'J. The spplication of this
method to qhamnnim[zl,_claﬂs}nal mesons [1'3’4]. baryana__EE'_E_],
charmed hadrons [ *®]led to deeper understanding of the hadronic
atructure. b _

in the cases above the masses of the loweet resonances and
corresponding coupling congtants for ®current-particle® transi-
tion had been found. The values various parcmeters ( f o, 0 )
are determined in this approa.nhﬂ] by the values of qua.r_k_ and
Zluon condensatess The breaking of the QCD asymptotic fresdom
in the cases consldered above was connected with interactione
with the mild vacuum fields. Therefore ithe breeking of the asym-
ptotic freedom is under conirol. :

In the present papsr we apply the QCD-gum rules method to
the investigation of the scelar mesons S":ﬁ , /% . We show that
thege mesons can not be identified as the 1q states. Nots,

that the quéstiam about quark context of the S‘ZS ~Degons was

congldered for the first time in[sl dn MIT bag model framework.

The S°, & -megong were identified with the qqaq color - singlet
aystem with J°¢= 0™ . The questions conserning the £ 5 -
- mesong was discuseed in detall in [m} too (see references
thereinj. We give the arguments in favour that these meaonse are
tightly connected with the longltudinel part of the 196’-},,;21,..' g
surrent { ;? - ig the corrssponding gquark field Cfﬂ - is thﬂ_
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gluon field)e If this is the case then the following experimen-
tial faﬁ_‘cn receive their natural explenation: a) the coinciden-
ce of the Sy meson masses; bl the :;-ath.er' large mags of the
K-meson, which is the pariner of §* & -mesons in the 0™ nomet;
o) the reasonsble velues for the S‘fS‘ ~meson Magses

( M = pgp = L 60K

II. The scalar mesone uonnactéd. with the
qq s currant
In this pection we cunuidar the propartiu of scelar me-
sons which are connected tightly with the Qq - current. We show
with the help of QCD sum rules that the S (980), &(980),

X (1500) - mesons can't be strongly conneoted with e qq
current henma: a) the maas of the loweet resonence which is
connec ted atrnngly with the gQg-ourrent ig 1,7 » 1 8 GeV {nuta.
that the Mge= My = u.aa GeV); b) the mess. difference between
.tha gtates with the isospina I = 0 md I =1 mugt be 3
| 2 200 ¢ 300 MeV (note, that ( m,; ~#y) S 10 MeV.)

.Lu it was pn:Lnted out in the Intrﬂduution the braa.’l':l.ug of

the aaymptuti.a freedom in @ number of uhaa.nalq {veutur, ten- o
BOTy ese) 18 due to interactions with the mild vacuum fields.
However in other channels (for eﬂmplu soslar, ‘peendoscalar)
the Q@D sum rules with only atandnrd panr narrwtima taken in-
to account can not give reasonable m: mala in these nhm- !
‘nels [1']. The hard vacuum fields amd &ix ect instentons play
a ﬂéuiﬁndnt role here. The .aftau.ﬁf _ur' thege vacuum flusiua-
tiong are seen clearly in quﬁ;:-k 'p'aaudéanular channel with the’

7 =meson quantum nmhar, J.r m{ﬁﬂ%%ﬂ’/ and the gluon sce~

lar {paauanmalnr} uhmmaln [12] 'r.ha BEHE ﬂ'-nla in both cases
. 4 .

i known: in the # -meson cage the value of the matrix element
UL s B2 < g TR < 033 eeV” s knom; dn the
gluon channel the correepon low-energy theorem ias known [‘2].
The analysu.s of these channels shows that the standard power cor-
rections do not lead to reasonable resulis.

Jome progress in s.zud.eratanding of corresponding channel DLO-
perties with the help of QUD sum rules is reached in papers [ '7*14]
In these works the phencmenological model of the @m?mum was

roposed and the walue of direct instanton contributions in the-
Je channels was estimated.

In pariicular, the value of the mafriz element ¢g/ #‘:If‘;—q"/ﬁ')‘
which was glven in [ 1'3]15 in a reasonable agr~sment with the va-

"L—fp .-;5'255(,!5 ¥We use bellow the model [ “'j,]fur the analy-
sis of the dq -current (which is similar o the y,.-.;;gg-;
—current as Yor the direct instanton contributions) s

Pollowing the ideas the QCD sum rules [i-]lst na*intrﬁdune the
scalar curvent J= #4 and corresponding correlator

cJae? < <o/ 747/ Z(ojflo) = 5 (p¥/ |
Here S{?‘?} is soms scalasr function a‘neing the standard disgper-
sion relation. The asymptotic behavicur of Kf?’; at ;?2--'9?2-:- oo
with the power snd expeonentiel contributions itsken into account

i@ determined in a standard way l. 1 133 end has the form {after

*’ Note that the QUD sum rules for the Ja g§ current wagy lnves-
tigatedin [ 4,,? but the direct instantom contribution has not besn
taken - into sccount. Such analysis, from our point of v:iew?
ig wrong. Analogous investigation fop the J= f45f -current with
the stendard power corrections taken into asccount only cean not
give veasonabls mass scsle and leads to the wrong result.
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Here mj,-. is the mass of the lowest resonance in the qhannel

considered and S, determine the dualify interval. Tha_papms—*
terai /4 = 0,8:1070 GeV* - the instanton denmsity, g = 1.6 GV
the critical radius end effective mass A = 0.17 GeV are ta-
ken from the phenomenological model of QD vacuum [13: 147, me
value Jf/p?%/ is determined by the matrix element

<o/ 2d[0*> = 4(oY (2)

The factor ‘“’7 in {1) is due to the annmaloua dimenglon
of the @d -currm‘i:. Note that the exponential fastor in (1) is
connected with the ®direct instanton'contribution®['*13]. Just
this contribution ensures the reasonable mass scale in 7 =megon
c-haﬁnal and large value of the matrix element :

<ol Gihdlfr> = KL EseV o= 42966V
Note that one instanton contributior into the matrix ela=-

ment < :Fﬁ ‘?//%Jg#’} ig zero so we use the factorization
h:,rpnthaais [(see £ige 1)

< w/ff‘/é?ﬁﬂﬁf} == % Guy? | (3)

#) gne glfference from 7 -meson gun rules [?31 consiste in the
minus sign before the two last terms im (1). |

6

As for the q’z}'g’,‘;,{q_&"‘ﬂ’gm}zfﬂ#} vacuum expectailon it
may be saturated both non-factorized (n.-f.) one instanton cont- -

ribution (ses Pig. 2)

| .-r? (4)
and factorized (f.) contribution (sse fig. _5}
(5)

2.
< wdf;(:ff Ja'gz.r.; 21,& -_‘3 £ caus

The treatment of QCD-sum rt;lea (1) has been made in the follo-
wing wey. The value of HE_ in (1) hes been varied in such limite
that power correctlon at r.h.s. were between 5*10% E.nd.30135%u
Then parameters ﬂ?,:;ij ,.5’;,} ;,/"/py wers chogen ¢> that to ﬂbtﬁin the
begt fit to the theoretical curve at reh.g. in (1). 4s a result:

M‘f/pj/ = Feer< 2 5%

So = gseov? (6)
HOY = 068 sey? |
Hote that the negative sign of the e;rpdnantial term in sum ru-
les (1) does not allow the resonance mass o be lower than. s
1.7 Ge¥e S0 we can not associate d -meson with = za current.
Furfhermore, if we try to saturate the sum rules of the type (1)
by the 5":5’ -mesons then the direct instanton contribution will
lead %o the large admixture of the S S -state in the S' -meson
(enalogously to the cage of the 2 ~-meson), This property leads

to the large mass splitting of SJ & -meauna'{v;-* 2004300 MeV)
and this coniradicis to the experiment. So, we conolude that
the mesong with the mass m° = 393.5 Ga?'z {not the S_, & -mesons)
are tightly connescted with the ;niq-ﬁur_:‘anh This fact does mot
meang, of course, that the mat_rix element < &/ ff/'f} ia zerc. Ho=
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wever, evidently <0/§9/S,8> << S/0%/ = 0.65 GeV and the
4 emeson contribution to the QCD sum rules (1) can be neglected
es compared with the contribution of the m2 A 3 GeVe me-
80 | _ o |
That's why the dQq-clrrent cam not be used for the invesii-
gation of the §*, & -mesons. So, we would like to find snother
current § such that the corresponding two-point function
g‘f/xg‘?f{af?'/fﬁjyﬁ?/y/p} is saturated by the resonance
with the mass ~1 GeV. Th_dn, by definition, the 3{,3 -megons muat
be tightly connected with this 5 -current and we can calculate

the corresponding mass specirum.

] Por -4
III. mha_s'.e;;?@.:m? ~ciurrent snd QCD sum
rules for the §' , & = mesons

Pollowing the ideas outlined in the end of gec't II congider
the more complicated currents which are connected with the 0FF -
~chennel. Th?ara ?E@ﬂ -‘5}3 a"d')? and ﬁfﬂ: ﬁﬂ;"f « Hote,
that the"direct instanton contribution® play a glgnificant role
in the ﬁfi}; fﬂg.!;?-channal- S0, a:l.:!.' +he conclusions of sect. II
concerning the rather large mase of the lowest resonance and
large mass difference beiween thq'ﬁ'l:ataa with the isospin I = 0
and I = 1 are velid here as well. That'a why the fG};f,:J?currmt
can not be used to investigate the properties of the S , -

~mesonse .
¥
Our propossl is as followss the scalar §,d, £ -mesons

are tightly connected with the following currentss
& - 2 e
s ﬂg, [wﬁ}.;ﬁ.{“# +a’§-:éfi?7
§ ~2 (565 h1 % ~d Eefod )
| | : |

(7}

s ~j§§"':£’ e R (7)

In thig section we ghow that the corresponding sum rules
give the reasonable values of the .S{= ¢ meson masaes and ex-
plain the reason for the coincidence of their masses. In nexy
section we coneider the role of fhe su{j}-vinlating effects in
the 0'F channel connected with the ?‘6"?’ V] ,,f&;? current. More-
over, we argue that there ere rather large maes difference be=
tween the § and £ mesons. | _ |

Let us introduce the ‘%?w‘&;ﬁg&mmt and corresponding
two-point function : '

(8)

t’/ﬁﬂgiﬁfﬂ/?’/ﬁﬁ}z(ﬂ/y/ﬂ} =£Fp V{'ﬁ” +5uf’, ﬁ/fj/
Here fof)} ﬁf’?y are some scalar functions satisfying to the

usual diaparai?ﬁ rel%:j'.nnsa The physical states with the exotic
quantum numbers 1™* contribute to the 'V(?y- spectral denslty
only and sgtates with the ﬂ"“", 17" - quantum numbers contribute
to the function /I’/Fy . Because we are interested in the gt

channel we congider the ﬂ(f?—- functicn only. The asympiotic
bshaviour of ﬂ'/;?’) at @zz_fz_'_ o< ig determined in s stendard

wey [V and haa the form {after mporelization®)”
eqncel :

= The < 63)- contributions in the sum of the dia-
gramsg. Note, that we do not calculate the diagrams like fig. (8)
in the Vﬁ'tem, because these contributions can be neglected
as compared with the contributions of the dlagrams like those
on fig. T | . --
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>+ (9)
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i g m;if" < of, "##53 ;-gad;; Coly ﬂ#)(& d’g’,“rﬁ.,,p,i ﬂ/}_f-

Here <Z6%> = a0 eV’ H"un = 153 10" 6tV 8 /1]
{;4?5&; fﬂ'd" ‘> = (1’"3)(" M{Hﬁfy The power uurrecti-
ong in the expression (9) are cmmte& with the d.in.grams in

Tigs. 4-7 corraspondingly. We choose the following form for the
Jn/7(8) - spectral densitys

T ﬁ{yzyzg-?!j‘*/sf_m;/,; 9(5_3?; ig_;gsr.z #ff{ ;‘5-2%/ (10)

Hote, tha.t"hha analogous parametrization of the gpeciral dengity
gives the reasonable results in other sum rules. The pa.rmater

&, determines the duality interval in the corresponding corre-
lator. The value #r is determined by the matrix elements

(wwg‘ﬁ;{J “A/E> = ,‘;//@ {11)

From {9), (10) one haa
< I8 g ¥
J£ / “we::ﬁ”/j" |
y 73 e o Ly 68 Ma.r Hiu s 3:.’:?01'&(* ﬂ,,}?;ﬁw/f{y

ey
The atandard treatment of (12) (see sect II) zivea:

,ﬂrﬂ 2 ,ggf?/* (12]

") ohe contributions of the higher mess states in the 0™ and
1™* shannels are teken into sccount with help of continuum term
in (10). This contribution is determined by the value of % -

10

% s@33eer)” |
ﬂ%‘e':fﬂj"xr fp%/. L)
So =(£6 *u2)cer?
It is worth nothing that the value #7% «g¢f¥  dose not cont-
radict to the experimental data.

Let us remind some results for the vector [1]a.nd tenaur[3 4]
channels before discussing the consequences of the proposal (7).
The corresponding sum rules reproduce corxrectly the proporties
of these mesons. In the ?//pf “dff"ﬁf ~chennelsa (descri-
bing p-w - e&nd f-,r.& -#’ = mesons respectively) the "direct
ingtanton contributions™ are sbsent [“_]au the ss-state aplitas
off and corresponds to the ¢ , f;maaonafn A%t the same time the
Ge-term in the F /2947 ana o [1] mesong ig absent. If the in-
termediate vacuunm state is dominant in the matrix element
<ﬁffff/ ""f} then the QCD sum rules for the @ and

W) -mesong becomes identical. As a result, the ¢ -and w =
-masses cuimide. The accuracy of this approximetion is about
~ 6% [1] Note, that the analogous proporties in the
qrru,q (8%) ~ -chamnel take plsce: 47 =47 . FlnsS

Morsover the longltudinal part of cun'ant 5? /;&J f
have the same properties. Ehia’hacausa of chirslity propertics
of this current and absence af the 'd:l.rac‘b ingtenton =antributi-
ong® in this chaunel. So, the s%m?éﬂ S  «term splits offe

L2 In other channels, for example, ?éf bithal -'fé.i' -term

does not splifs off because the direct inatmtun contribution is

present in this channel. Indeed, ‘thﬂ ‘;‘ and.é meecna have the
qdmizture of the &g terme !

il
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At the same time the ﬁ'{g.;é.#q'#fﬂ?"’éf# ~ -gtates corres-
pond to the 3', & mesons. The nearly coicidence of the $°,

o -masses is a consequence of identity of the corresponding sum

rules as far as the factorization hypothesis for the matirix ele-
ment < ffﬁf?ﬁf} ig valid.
III. The SU(2)-symmetry - breaking effects
Let ue introduce the curremnt 4.5’.;« 255‘6};&4&“ containing

the g-quark field and connect with the K(1500)~meson., In this.

‘cage the terms

£
s | ’%"5‘-&} Mg K ,q,rﬁu.-*-f £> < F 6L o SALS(CS8y - cuus)

I et THET ) T e

y

’
should be added %o ithe r.hes. of the expression (3). These con-

tributione snsure the di_fferent masses for the K{1500) snd
5 (980) mescns. The SU(3) eymmetry bresking effects are mainly

dus to the M&<c§ @;3} q’:f&’}f{ss; ry-r.b-/ matriz element contri- .

butiong. Thei's why ﬁaap only fthepe terms for what followse

Thereforas

F10% ycyr 0 = T f?mm B % s

(14)
7% a’ .

We uge below the model {”’jtc aatimata matrix element® -:'Eéj,tﬁg.js}u
It was proposed in ['II‘I*J that the vacuum expectatlon arises due
to the instentone with the paramsterss Ze= 0.8°107° CeVe,

2 = 1.6 Ge¥"!, 4’ = 0.17 GeV. This proposal concerning  the
GO D=vacuum si'.runtura give a reagcnable agrsement with the well

known valuea of { 6? et > E0d fﬁ?} L M’j and with the mairix els-

i

ments in the gluon and ¥ -meson chme_ls[ﬁ]- fhe resulias .

(15)

1

: Ciius -Gsy fet, *)
In order to eaumatc the matrix aIaman?‘fu' 5 assume that

f<' #us/ - fE5>/ = (£ Lis)

¥ ;E /f&'#}

Let's carry out ‘hhe following estimats for the mags of tha
E-meson. In : In the vector channel ?/qf . the x’_’_'*.l? mass spl:l.ting
was connected with the value of the matriz element. q’aa)n o In the
1"-case this correotion is «~ 30% of free loop value at

,qf"{{/ o 0,5 Gev? 1] In our of-case the < 56‘74 5}.35?&&:‘-
rection (15) is o~ 30% at /‘f"(t?"/ -3 1e2 Ge‘iz and the

({fS} ~c#uy ) correction (15) is ~ 30% at #"’/97 1e 15#1.6
GeV2 (see (9), (14)=(16}. The mass spliting 1n the nonet is con-
nected with the mass soale of the W{S)nmtry breaking. So
the ratio of the mass spliting in the 0"'-¢hmna1 sad the ane in
the f"-chamnel is ﬁ"f-‘-’Z’ﬁ/

S = #,
3'_;?"% @/ f.ﬁw

.(r‘::ﬂa-‘ ﬂ‘{f/ ,Mw" | G

ﬂx e .a:sra:é'ﬂ-n" |
The snalogous. eatimata cen be nbtainad. in. an mther waye Suppo-

se that % & s and use {131 (16) %o obtains

*} Note that the. smaller value Yesss/ in comparison with the
[<us/ (~ 200308) is preferred because it gives the correck
velus for the ratio % /;'g, x 120" 16 J- The theorstical erguments
~ in favour of the smaller value fffs.h-/ are si'un alse in[17]
(seo also [11293)e .73 -




Ml,/ﬂ" IFJ‘/Y'Z o (/ i ;—(,&‘5;}'3}(.5, S5y - «gﬁwr}/ %

i
ﬂ" ﬁm {S J‘z’g .S’}f
: | 5 S a é«i
Here A% =2 2,5¢3 Gﬂz - is the value of ]_ﬁ : whan the power cor—

(18)

rections in 'l:h:a_QQJJ sum rules are -~ 10+30%. From (18) we obteln
thet /7 ~1.4¢1e5 GeV in accordance with the estimate (17).

Wa raglfl_.ze‘ that the above estimates (17),(18) are not very
precize because of large uncertainties in the matrix elements
(15),(16). 1 | | | _

From our point of view, however, the large SU(3)-eymmetry
bresking effect are present really in the 0"-channel. The cor-
responding etrengthening is connected with the large value of
vecuum expectations (15), ('lﬁla

Therefore, with al'.l the sbove uansiﬂaratiﬁna we axpea‘b that
the 0% state comnected with the 3%, me ;fcurrant. gpilte off
end hag the large mase =~ 1.8¢2 GeV. The charasterisiic proper-
ty of this meson is the praaeﬁ;:a of Kf~decay mode snd the absence
of #¥ -decay mode (enalogously to the case of the ¢ -meason).

We are grateful %o W.H.Achasov, ?nL.Ghﬂmzrak end E.V.Shuryek
for fruitful discussions snd useful criticizm,
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