arXiv:hep-ph/0311205 vl 17 Nov 2003

Charmed meson resonances from
chiral coupled-channel dynamics

E.E. Kolomeitsetand M.F.M. LutZ

*The Niels Bohr Institute
Blegdamsvej 17, DK-2100 Copenhagen, Denmark
TGesellschaft fiir Schwerionenforschung (GSI)
Planck Str. 1, D-64291 Darmstadt, Germany

Abstract. Charmed meson resonances with quantum numbers0* andJ® = 1" are generated
in terms of chiral coupled-channel dynamics. At leadingeoiid the chiral expansion a parameter-
free prediction is obtained for the scattering of Goldstbnsons off charmed pseudo-scalar and
vector mesons. The recently announced narrow open chates sthserved by the BABAR and
CLEO collaborations are reproduced. We suggest the exisigfrstates that form an anti-triplet and
a sextet representation of the SU(3) group. In particutafas unobserved narrow isospin-singlet
states with negative strangeness are predicted.

Recently a new narrow state of mass 2.317 GeV that decaysDifita” was an-
nounced\[1]. This result was confirmed [2] and a second nastate of mass 2.463 GeV
decaying intdD}7° was observed. Such states were first predicted in [3, 4] @t
spontaneous breaking of chiral symmetry. The theoretieiptions|[3| 4, 5,16] rely on
the chiral quark model which predicts the heavy-light D" resonance states to form
an anti-triplet representation of the SU(3) group. If ongists on a non-linear realiza-
tion of the chiral SU(3) group and excludes any further m@dsiumptions, no a priori
prediction can be made for the existence of chiral partneasy given state.

Recently it was showri[7] that solving the coupled-chanrethB-Salpeter equation
with the interaction kernel following from a non-linear chli SU(3) Lagrangian one
is able to predict two octets and a singlet multiplets of ightl1™ mesons consistent
with the empirical spectrum. Similar results were obtaif@dight meson resonances
with JP = 0T quantum numbers|[8| 9,110,111} 12} 13]. In view of the evidentsss of
the chiral coupled-channel dynamics to predict the excserf a wealth of meson and
baryon resonances in the ¢, s)-sector of QCDI[[7, 14, 15] it is expectable that the chiral
SU(3) symmetry should also predict spectra of hadrons witmacharm or beauty (see
also [16]). In this talk we review thg-BS(3) approach [17, 18, 1D,120, 7, 14} 15] as
applied to open-charm meson resonances|[21, 22]. We wilhae¢ space to discuss
further exciting results concerning open-beauty mesoon@sces|[21], open-charm
baryon resonances |23] or results in thed| s)-sector of QCDI[7, 14, 15].

Heavy-light meson states with quantum numkiErs: 0+ andJP = 1 may be studied
by considering the s-wave scattering of Goldstone bosohthefheavy-light ground
state mesons with” = 0~ andJP = 1~. If scalar or axial vector resonances exist they
should manifest themselves as poles in the correspondattesag amplitudes. The
starting point to describe low-energy scattering processthe chiral SU(3) Lagrangian



[24, 125,126, 2[7] including heavy-light 0and I fields. A systematic approximation
scheme arises due to a successful scale separation jogtdlyiral power counting rules
[2€]. Our effective field theory for the scattering of Goloisé bosons off any heavy field
is based on the assumption that the scattering amplitudgxeaturbative at subthreshold
energies with the expansion parame@gn\,. The small scal® is to be identified with
any small momentum of the system. The chiral symmetry-bnggdcale is

Ay ~ 4mf ~ 1.13 GeV,

with the parametef ~ 90 MeV determined by the pion decay process. Once the avail-
able energy is sufficiently high to permit elastic two-boaygtsering a further typical
dimensionless parameter; /(87f2) ~ 1 arises|[17, 18, 19] if strangeness is consid-
ered explicitly. This extra parameter invalidates anyyrétive calculation within chi-
ral SU(3) effective theory. Since this ratio is uniquelykigal to two-particle reducible
diagrams it is sufficient to sum those diagrams keeping theiative expansion of all
irreducible diagrams, i.e. the coupled-channel Beth@&at equation has to be solved.
This is the basis of thg-BS(3) approach developed in {17, 18, 19, 7].

We identify the leading-order Lagrangian densityl [24, 26, [27] describing the
interaction of Goldstone bosons with pseudo-scalar antbrvetesons,

L0 = Gratt[P (0P (0) (0P ()P ()] [®00). (0 ©(x))]
gt [P0 (0"PL00) - (P4 (x)) P [000), (v 00)] (1)

where® is the octet of Goldstone boson fields @dndP, are the triplets of massive
pseudo-scalar and vector-meson fields in the matrix repratsen.

Within the x—BS(3) approach [19, 7] the s-wave scattering amplitumé%,s)(\/é)
take the simple form
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M5 (V8) = [1-VI9(/8) 35 (v8)] VIS(vs). @
The effective interaction kernal"S(,/s) in (@) is determined by the leading order
chiral SU(3) Lagrangiari]1),
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where(m,M) and(m, M) are the masses of initial and final mesons. We use cayitat

the masses of heavy-light mesons and smtbr the masses of the Goldstone bosons.
The matrix of coefficient<(:S, that characterize the interaction strength in a given
channel, and the loop functiod%s)(\/é) are givenl|[7]. As expected from heavy-quark

symmetry the interaction kernels as well as the loop functiare identical for the 0
and I sectors in the limiM — oo,
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FIGURE 1. Speed plots for heavy-light scalar (left panel) and ax&dter (right panel) mesons with
isospin () and strangeness)

In order to guarantee the perturbative nature of the saagtemplitude at subthresh-
old energies thgg —BS(3) approach insists on a renormalization condition efftihm

MES (s =puh9) =v9(/s=pu9) (4)
with the natural subtraction scales
H(()I#O) = Mp(1867» H(()I#il) = Mpy(1969 uéi’z) = Mp(1867),
IJS#O) = Mp(2009 ; IJS#ﬂ) = Mp,(2110 Hf#z) = Mp(2009 - (5)

A crucial ingredient of they-BS(3) approach is a matching of s- and u-channel unita-
rized scattering amplitudes at subthreshold energiesqlL9 his construction reflects
our basic assumption that diagrams showing an s-channeicbamnel unitarity cut
need to be summed to all orders at least at energies closest@ wie diagrams develop
their imaginary part. By construction, a matched scatteamplitude satisfies crossing
symmetry exactly at energies where the scattering proe&ss place. At subthreshold
energies crossing symmetry is implemented approximatioely, however, to higher
and higher accuracy when more chiral correction terms amsidered. Insisting on the
renormalization conditiofi]d,5) guarantees that subbiolesamplitudes match smoothly
and therefore the final 'matched’ amplitudes comply with ¢h@ssing-symmetry con-
straint to high accuracy. A conceivable small variationhe subtraction scales around
their natural valueg15) has very little effect on the resut fact chiral correction terms
modify the effective interactioN (/s) rather than giving rise to a modification of the
subtraction scale [19] 7, 122]. Changing the optimal sulittacscale[(5) would deterio-
rate the quality of the matching of u- and s-channel unigahiamplitudes [19, 7].

We turn to the results of thg-BS(3) approach for charmed mesons. It is instructive
to explore first the SU(3) multiplet structure of the resarestates formed by the chiral
coupled-channel dynamics. First thé 8ector is discussed in a 'heavy’ SU(3) limit
[185, [7] with myk , = 500 MeV andMp = 1800 MeV. In this case we obtain an anti-
triplet of mass 2204 MeV with poles in th@,+1),(1/2,0) amplitudes. The sextet



channel does not show a bound-state signal in this case. \lowfethe attraction is
increased slightly by using = 80 MeV rather than the canonical value 90 MeV, poles
at mass 2298 MeV arise in tti&, +1), (1/2,0), (0, —1) amplitudes. This finding reflects
that the Weinberg-Tomozawa interaction,

38=306315 (6)

predicts attraction in the anti-triplet and sextet chafmgkepulsion for the anti-15-plet.
In contrast performing a ’light’ SU(3) limit.[15,! 7] witmyk , ~ 140 MeV together
with Mp = 1800 MeV we do not find any signal of a resonance in both aiptietrand
sextet channels. Analogous results are found in theekctor.

To study the formation of meson resonances we generate ple@9] as suggested
by Hohler [30] (for definitions cf/[21]). Fidl1 shows the spea of 0" (left panel) and 1
(right panel) as they arise in calculations with physicass®s. We predict a bound state
of mass 2303 MeV in th€0, 1)-sector of 0 mesons (see Fifll 1, left panel). According
to [5,16] this state can be identified with a narrow resonariceass 2317 MeV recently
observed by the BABAR collaborationl [1]. Since we do not ¢desisospin violating
processes likg — 1 the latter state is a true bound state in our present schewen G
the fact that our computation is parameter-free this is arkable result. In thél, +1)-
speeds where we expect a signal from the sextet a strong ffaspat theK D(1867)-
threshold is seen. The large coupling constant tortbg(1969 channel leads to the
broad structure seen in the figure. Hify. 1 (left panel) ithtsts that in the}i%,O)-sector
we predict a narrow 0 state of mass 2413 MeV just below theD(1867)-threshold
and a broad state of mass 2138 MeV. Modulo some mixing efteetheavier of the
two is part of the sextet the lighter a member of the antitipThe latter(1,0)-state
was expected to have a large branching ratio intatBé1867)-channell[16,16]. This is
confirmed by our analysis. Finally in tH®, —1)-speed a pronounced cusp effect at the
K D(1867)-threshold is seen.

The spectrum predicted for the" Istates is very similar to the spectrum of the 0
states. Fig[d1 (right panel) demonstrates that it is shiftedy approximatively 140
MeV with respect to the 0 spectrum. The bound state in th@ 1)-sector comes at
2440 MeV. Thus the mass splitting of the And 0" states in this channel agrees very
well with the empirical value of about 140 MeV measured by BABAR and CLEO
collaborations|[1,/2]. A narrow structure at 2552 MeV is pebed in the(%,O)-channeI
which may be identified with th®(2420-resonance_[31]. Even though the resonance
mass is overestimated by about 130 MeV our result is comsigtieh its small width of
about 20 MeV. The triplet state in this sector of mass 2325 Ma¥ again a quite large
width reflecting the strong coupling to tlieD(2008-channel. Finally we obtain strong
cusp effects at th& D(2008)- andK D(2008)-thresholds in th€0, —1)- and (1,+1)-
sectors. It is interesting to speculate whether chiralestion terms conspire to slightly
increase the net attraction in these sectors. This wouldl tea (0, —1)-bound state.
The fact that we overestimate the mass of the sextet Bt@420 by about 130 MeV
we take as a prediction that this should indeed be the cage@2Znalogous statement
holds for the 0 sector since due to heavy-quark symmetry chiral correaitects in
the 0" and 1" are identical at leading order.



To summarizeWe presented a coupled-channel description of the mesaomseat-
tering in the open charm sector using the chiral SU(3) Lagjeaninvolving light-heavy
JP =0~ andJP = 1~ fields that transform non-linearly under the chiral SU(3)ug.
The major result of our study is the prediction of the charmsgsonic states with
JP = 0%, 1" quantum numbers forming anti-triplet and sextet represims of the
SU(3) group. This differs from the results implied by therehiqguark model leading
to anti-triplet states only. Our result suggests the entstenfJ” = 0T, 11 states with
unconventional quantum numbéisS) = (1,1) and(1,S) = (0,—1).
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