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1. Introduction

Debate regarding the structure of scalar mesons has lasteeveral decades but still without
a clear-cut result. Experimental data [1] suggest the exést of at least sevdd” = 00" states
in the region up to 1.75 GeV. These states are important Inothéuum phenomenology as well
as in the restoration of the Chiral Symmetry of the QCD thapisntaneously broken in vacuum.
Additionally, the larger-than-expected number of isoagzaln vacuum implies that not all of them
can beqqstates. In this work, we discuss a possibility to identify #tusive scalar quarkonia.

2. TheModel and itsImplications

We utilise aU (3). x U(3)gr linear sigma model with vectors and axial-vecttasth in the
non-strange and strange sectdgs 3]:
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is a matrix containing the scalar and pseudoscalar degfdesedom,L# = VH + AH andRH =
VH — AH are, respectively, the left-handed and the right-handetticea containing vector and
axial-vector degrees of freedom with
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andA = diag(dn, On, 0s) describes explicit breaking of the chiral symmetry in theigh)vector
channel. The explicit symmetry breaking in the (pseuddascsector is described by [H (P +
)] with H = 1/2diag hon, hon, v2hos), hon = const, hgs = const Also, DH® = gHd —igy (LHd —
®RH) is the covariant derivative;#¥ = gHLY — 9VLH, RHY = gHRY — @VRH are, respectively, the
left-handed and right-handed field strength tensors antetiec; (det® — detd')? describes the
U (1)a anomaly [3]. All the states present in Egs. (2.2) and (2.8pgrstates [2].

The assignment of the fields in the model is discussed in Befi this work it suffices to note
that Eq. (2.2) contains two scalargy = nn and gs = ss(n ands denote nonstrange and strange
quarks, respectively). Mixing ofi; and g, produces states denoted henceforttoagpredomi-
nantlynn) ando, (predominantlysg. As described in Ref. [3]g1 ando, can be assigned either to
the pair{ fo(600), fo(1370} [conversely:fp(600) is predominantly an state andfp(1370 is pre-
dominantly assstate] or to the paif fo(1370), fo(1710} [conversely: fo(1370 is predominantly
annstate andfp(1710 is predominantly @sstate].



The quest for light scalar quarkonia Denis Parganlija

Assumption |: Scalars below 1 GeV ayg states. A fit is needed to determine model pa-
rameters in Eq. (2.1). It includes all states exceptdpp. It enforces thaty = ap(980) and
Ks= K§(800) in Eq. (2.2). Then decay widths are calculated. We obtaiisfgatg results in the
decay channele; ; — mrrandoy » — KK if we setmg, = 705 MeV andm,, = 1200 MeV leading
to I g, 7r = 305 MeV andl 4,y = 207 MeV in the former an@l 5, ,kx = 0 andrl 4, ,kk = 240
MeV in the latter channel. These results correspond wehéodata [1]. The results also suggest,
however, thatfo(1370 should predominantly decay into kaons (@s_kk /I ,—mr = 1.15) — not
surprising for a predominantlysstate but clearly at odds with data [1].

An even larger problem arises in the (axial-)vector chaniible model exhibits interdependence
Of g, (1260—pr @NAT o7 [3]. We obtainl o, (1269 —pr > 10 GeV if we sefl p_,r = 1491 MeV
(as suggested by Ref. [1]). Alternatively, if one forégs1269—pn < 600 MeV to comply with the
data, ther p,_, 77 < 38 MeV is obtained — approximately 100 MeV less than the PDiGeva

Thus the assumption of scalaq states below 1 GeV is strongly disfavoured.

Assumption Il: Scalars above 1 GeV agq states.We calculate our parameters as above;
however, we now considel = ap(1450 andKs = K§(1430 in Eq. (2.2). i.e., scalar= 1 and
| =1/2 states are now assumed above 1 GeV.

The overall fit is better than in the previous case. We obsepvas a broad resonancEg, ., =~
(200—350) MeV for my, € [120Q0 1500 MeV. We thus assigo; to fp(1370. The states, corre-

. 1
sponds tdfg(1710: the PDG suggest‘s?;‘{"17lo)_>n7T — (29.2846.53) MeV [1] yielding m{y) = 1613
MeV andmy = 1677 MeV:my, is very close tan( 719 = (1720£6) MeV. We thus conclude

that fo(1370 is predominantly an state and thafy(1710) is predominantly asstate.

We also observe thdt,, 1269—pr IS dramatically smaller than in the previous case: we obtain
[ ay(1260p7 ~ 860 MeV. This is admittedly larger than 250 Me¥ erFlzeq < 600 MeV [1].
However, only a small change 6§, is necessary in this case g, 1269, o t0 be within the

data:l o, (1260 —pr = 990 MeV is obtained fof ,_, ;7 = 129 MeV (previously:T p_,r = 38 MeV).

3. Summary and Outlook

We have presented&(3),. x U(3)g Linear Sigma Model with (axial-)vector mesons. Struc-
ture of scalar state§(600), fo(1370 and fo(1710 has been discussed within the model. Our
results suggest thdg(1370 and fo(1710 are strongly favoured as predominantlyandssstates,
respectively, whereas the consideratiorf@®00) and fo(1370 as predominantiynandssstates,
respectively, yielded unphysically broag(1260 state (decay width- 10 GeV).

Further calculations may include, e.g, a glueball field mgxivith the already-preseqq states.
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