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Abstract. We investigate the chiral mass splitting of parity-douhled 0, 1 states forcs andcn’

meson systems in tHe(12)g=-classification scheme of hadrons, using the linear sigmdeino
describe the light-quark pseudoscalar and scalar mesgathter with the spontaneous breaking of
chiral symmetry, and consequently predict the masses géaenobserved0™,1") cn mesons.
We also mention some indications of their existence in themepublished data from the Belle and
BABAR Collaborations.

INTRODUCTION

Recently, Ishida et al. have proposed the covariafit2)s-classification scheme of
hadronsl[1], which gives covariant quark representationsdmposite hadrons with def-
inite Lorentz and chiral transformation properties. Thel2)-classification scheme
has a unitary symmetry in the hadron rest frame, calleditstbf12)s symmetry”[2],
embedded in the covariabt(12)g-representation space, of which tensors can be de-
composed into representationdbf4)ps x U (3)g, U (4)ps being the pseudounitary ho-
mogeneous Lorentz group for Dirac spinors. The statit2)s= contains the Dirac spin
groupU (4)psin its subgroups and (4)ps contains twd3J (2) subgroups asl (4)ps D

VU (2)p x J(2)g, whereU (2), andSJ (2); are the spin groups concerning the boost-
ing and intrinsic-spin rotation, respectively, of constiht quarks, being connected with
decomposition of Dirag-matrices,y = p ® 0. Thus the statitJ (12)g= symmetry in-
cludes the chiragBJ (3) x SJ (3)rsymmetry ad) (12)g D U (3)L. x VU (3)rx W (2) .
This implies that th@(lZ)SF-classification scheme is able to incorporate effectiviedy t
effects of chiral symmetry and its spontaneous breakirggragl for understanding of
properties of the low-lying hadrons, into what is called astduent quark model.

EXPERIMENTAL CANDIDATES FOR THE GROUND-STATE
QUARK-ANTIQUARK MESONS

An essential feature of thd (12)s-classification scheme is to have the stati®)ps
symmetry for lightu,d, s quarks confined inside hadrons. The degree of freedom on
the p-spin, being indispensable for covariant description ah g2 particles, offers a
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basis to define the rule of chiral transformation for quaskaposite hadrons. Since we
have thep-spin degree of freedom, which is discriminated by the eigkres ofps,
r = =+, in addition to the ordinary-spin, the ground states of light-quagk mesons
are composed of eigllJ (3)r multiplets with respectivd™ quantum numbers, two
pseudoscalaré0y™,0z "), two scalars(0f;*,0¢ ), two vectors(1y~,1z ), and two
axial-vectors(1);",1£ ") (N and E denoting “normal” and “extra”), where each N (E)
even-parity multiplet is the chiral partner of the corresging N (E) odd-parity multiplet
and they form linear representations of the chiral symmetry

Since the eigenstates only with thgeigenvalue = + are taken for heavy quarks, we
have for heavy-light meson systems two heavy-spin mutSp{@,17) and (0*,1%),
which are the chiral partner each other, while for heavyhieaeson systems we have
the samd0~,17)-spin multiplets as in the conventional nonrelativistiagumodel.

The U (12)s-scheme assignments for the observed mesons

We try to assign some of the observed mesons to the predjgtediltiplets, resorting
to theirJ™ quantum numbers and masses. The observed meson data ar&dakéhe
Particle Data Group 2004 edition[3], except for the follogimesons:

+ p(1250. There are several experimental indications of the exigtefithep (1250
reported by the OBELIX|4] and LASS[5] Collaborations, artiers!

« w(1200. The existence otv(1200 is claimed in the analysis of thete™ —
it 1 cross section by the SND Collaboration[6].

We accept the existence of these vector mesons asltrue[@]JteBllting assignments,
though some of them are ambiguous, are shown in Table 1. Herenake some
comments on these assignments.

(1) The light scalar mesor®0(980), 0, fo(980), k } are assined to th@j;*)-nonet as
a chiral partner of thermeson(0y™*)-nonet.

(2) The low-mass vector mesodp (1250, w(1200,K*(1410} are assined to the
(1z7)-nonet as a chiral partner of tiigg ~)-nonet{b; (1235),h;(1170), h1(1380),
K1(1400}.

(3) The axial-vector mesons; (1260, f1(1285), f1(1420,K1(1270)} are assined to
the (15;")-nonet as a chiral partner of tim&770)-meson(1y~)-nonet.

(4) The recent observed mesofi3%;(2317),Ds;(2460 } are assined to thed™,17)
multiplet as a chiral partner of th@~,17) multiplet {Ds, D}[8]. These newly
observed mesons, together with thaneson nonet, are the best candidates for the
hadronic states with= — whose existence is expected in thél2)g scheme.

(5) Itis noted that the normal (N) and extra (E) states withshmel™ generally mix
together due to the spontaneous as well as explicit breaidgiral symmetry and
some other mechanism.

1 see thgp(1450) Particle Listings and the “Note on thg 1700 in [B].



TABLE 1. Experimental candidates for ground-state mesons it/{ie) - -classification scheme.

P s, | B S, v 4 | 7 B
99 s, s,

0~ 0~ 0~ 0"~ 1— 1™ 1~ 1

7 a,(980) 7(1300) p(770) ,(1260) p(1250) b,(1235)
”7 n c 7(1295) o(782) £,(1285) ®(1200) R, (1170)
S5

7'(958) £.(980) n(1475) $(1020) £,(1420) 1, (1380)

ST K K K (1460) K'(892) | K,(1270) | K (1410) | K,(1400)
cn D D’
cs D, D;,(2317) D; D,;(2460)
bin B B
bs B, B,
cc 7,.(1S) J 1y (1S)
bb 7, (1S) Y (15)

CHIRAL MASS SPLITTING FOR THE CHARMED AND
CHARMED-STRANGE MESON SYSTEMS

In the U(12)s-classification scheme heavy-lightq) meson fields, aside from the
internal space-time wave functions, are given by

1 . . . L
=——(1-iv-y)(isD+iy,D}, +Do+i D 1
2\/é( y)(iysD +i9Dj, + Do +iys¥uD1y) (1)
with v, = Py/M, ¥ = Yu +Vu(v-y), where(D, Dy, Do, D1y,) represent the local fields
for the cq mesons withJ? = (0-,17,0%,1%), P, (M) is the four-momentum (mass)
of meson fields, and flavor indices are omitted for simplicity describe the light-
guark pseudoscalar and scalar mesons together with théasiemus breaking of chiral

symmetry, we adopt th&J(3) linear sigma model, introducing the chiral fiek
defined by

®(v)

25 =S—iy0 (@)
with
s:isa}\a g0:iqoa)\a (a=0,---,8)
\/i Y \/é ) b b

whereA® = ,/2/3 1 ands? (¢?) are the scalar (pseudoscalar) fields. We now write a
chiral-symmetric effective Lagrangian which gives therahinass splitting between the
heavy-light(0—,17) and(0", 1) multiplets through the spontaneous breaking of chiral
symmetry[11, 8]: _

LD = —OnD TrPZ5P], (3)



wheregnp is the dimensionless coupling constant of Yukawa inteoactn the non-
derivative form and the trace is taken over the spinor andflandices.

When the chiral symmetry is spontaneously brokehas the vacuum expectation
value,(s)o = diag(a, a,b), wherea andb are related to the pion and kaon decay constants
by

1 1
a ﬁf"’ b \/Q(ka frr). 4)
Then the mass splitting between the two multiplets is indued the mass differences
AMy (cq) are given byAM, (cn) = 2gnpa and AMy (cs) = 2gnpb, which leads to the
relation
a 2fk -1

A () = M (e5T5 = By (] (2 1) ©)
From this relation with the experimental values[BMy (cs) = 3480+ 0.8 MeV and
fx+ /T = 1.223+£0.015, we obtaimM, (cn) = 2408+ 5.4 MeV and consequently
predict the masses

M(D§) = 2.114+0.01 GeV, M(D1) = 2.25+0.01 GeV (6)

for the(0",1") cnmesons, using the measured mass velues[3] d{Be) andD*(17)
mesons. We hereafter refer to these predicted mesonsctieshe as ‘D;(2110” and
“D1(2250".

POSSIBLE INDICATIONS OF THE EXISTENCE OF LIGHT
SCALAR AND AXIAL-VECTOR CHARMED MESONS

We could ask experimental data whether there was some @d@denthe existence of
D3(2110 andD4(2250). Here we check on the recent published data oltii@andD* 1t
mass distributions iB — (D), (D*m) T decays from the Bell2[9] and BABAR[10]
Collaborations.

- DT mass spectrum In the Belle datAwe see an excess of events, a single data
point of 20 MeV bin, at a mass of 2.13 GeV near the predictedsnudsthe
D§(2110, and so might regard it as an indication of that resonanceighi it is
natural to think that its data point should be within a stet#d error. On the other
hand, it would seem to us that the BABAR dataound a mass of 2.1 GeV show a
typical pattern of interference between two or more resoesn

- D*rmass spectrum In the Belle daththere is also an excess of events, a single
data point of 10 MeV bin, at a mass of 2.255 GeV near the predictass of the
D1(2250, and so it might be an indication of the resonance. Although not
clear, the BABAR dataaround a mass of 2.26 GeV might show a typical pattern

2 See theDrmass distribution in Figure 3 dfl[9].

3 See theDrmass distribution in Figure 3 (right) df [10].
4 See theD*mmass distribution in Figure 9 dfl[9].

5 See theD* T mass distribution in Figure 3 (left) df [10].



of interference.

If the D§(2110 andD1(2250 resonances really exist, their widths have to be narrow,
< 20-30 MeV, judging from the data mentioned above. The dontidacay modes of
these resonances dbatr andD* 11, respectively, and thus we examine their single pion
transitions. To estimate the widths by — D + mandD; — D* 4 1 decays, together
with D* — D + 1T, we set up, in addition to the nonderivative interactigip in Eq. (3),
the chiral-invariant effective interaction with the dexiive form:

Zb = gpTr[P(d,2s) yu(FuP)], (7)

whereRy = y-9/v/d - d andgp is the coupling constant with a dimension(afass) 4,
which is related to the axial coupling constagatby go = ga/2a= ga/v/2f;. The pionic
decay widths of th®*, Dj, andD; states are derived frof¥np and.%p, and the decay

widths of D andD; are identical. Using the measured valud {®** — DO+ i) =
65 keV[3] andgnp = 1.84 fromAM, (cn) = 241 MeV, the couplingp is fixed to 3.96
GeV1 (corresponding tga = 0.521), and then we obtain

rDy(2110 — D+ il = [D1(2250 — D* 4 1] ~ 30 MeV. 8)
This value is consistent with the speculated widths o}je2110) andD4(2250).

CONCLUDING REMARKS

We have presented the possible assignments for some of seeveld mesons in the
covariantU(12)SF-cIassification scheme. It is necessary and important to@eathe
strong- and radiative-decay|12] properties of the assigstates in order to establish
their assignments. On the basis of these assignments walsay&redicted the existence
of the low-masg0™,1") cn mesons with narrow width, which might have been seen in
the recent published data on tBetr and D* T mass distributions from the Belle and
BABAR Collaborations.

REFERENCES

S. Ishida, M. Ishida, and T. Maed@rog. Theor. Phys. 104, 785 (2000).
S. Ishida, M. Ishida, K. Yamada, T. Maeda, and M. Qda, hep408135.
Particle Data Group, S. Eidelman et &hys. Lett. B592, 1 (2004).
OBELIX Collaboration, A. Bertin et alRPhys. Lett. B414, 220 (1997).
LASS Collaboration, D. Aston et al., SLAC-PUB-5606 (1994
M. N. Achasov et al.Phys. Lett. B462, 365 (1999).
T. Komada, these proceedings.
S. Ishida, iHADRON SPECTROSCOPY, edited by E. Klempt et al., AIP Conference Proceedings
717, Melville, New York, 2004, p. 716.
Belle Collaboration, K. Abe et alPhys. Rev. D 69, 112002 (2004).
0. BABAR Collaboration, B. Aubert et al., BABAR-CONF-020, SLAC-PUB-10107 (2003),
hep-ex/0308026.
11. W. A. Bardeen, E. J. Eichten, and C. T. Hithys. Rev. D 68, 054024 (2003).
M. A. Nowak, M. Rho, and |. Zahed\cta Phys. Polon. B35, 2377 (2004).
12. T. Maeda, K. Yamada, M. Oda, and S. Ishida, these procgedi

NGk wNE

B ©


http://arxiv.org/abs/hep-ph/0408136
http://arxiv.org/abs/hep-ex/0308026

	Introduction
	Experimental Candidates for the Ground-State Quark-Antiquark Mesons
	The "0365U(12)SF-scheme assignments for the observed mesons

	CHIRAL MASS SPLITTING FOR THE CHARMED AND CHARMED-STRANGE MESON SYSTEMS
	POSSIBLE INDICATIONS OF THE EXISTENCE OF LIGHT SCALAR AND AXIAL-VECTOR CHARMED MESONS
	CONCLUDING REMARKS

