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Abstract

We discuss the possibility that the recently reported resonance ibgth8 spectrum can be described in terms of residual

D interactions.
O 2003 Elsevier B.V. Open access under CC BY license,

The BaBar Collaboration has recently reported a
narrow resonance in th@j(1968)nD spectrum [1].
The mass of the resonangg. = 2.32 GeV is signif-
icantly below theDK threshold, and the widtli™ ~
9 MeV is of the order of a typical hadronic decay width

for a light meson emission from a charmed resonance.
In the charmed sector there are three, stable un-

der hadronic decays, light-flavoredg, g = u,d, s,
D-mesons, theD®(1870), D*(1870) and D, (1968)
together with their spin excitations withi” = 1-,
the D*(2010) and the D} (2110) in the u, d and
strange sector respectively [2]. Other well established
resonances havd? = 11, the D1(2420) and the
D;1(2536) In terms of the quark model classifica-
tion the ground states witli” = 0~ correspond to
25+1p , =18 ¢ states, the/” = 1~ natural parity
sates are identified &$; states and thé¢” = 1t un-
natural party resonances are the- 1 members of the
L. =1 multiplet containing states with the following
quantum numbers’ Py, 3Py, 1P, and3P,. The pre-

E-mail address; aszczepa@indiana.edu (A.P. Szczepaniak).

0370-2693 [0 2003 Elsevier B.V. Open access under CC BY license,
doi:10.1016/S0370-2693(03)00865-7

dicted 3P, state could be assigned 195 (2460) and
D, ;(2573) resonances and two more states, g
and a linear combination of thaP; and1pP; are still
to be found.

As pointed out by Barnes et al. the identification
of the BaBar state with thé Py member of the
L.; =1 multiplet is unlikely [3]. Its mass is 230 MeV
below the average of thB1 (3P1) and D,; masses.
Furthermore from the heavy quark symmetry it is
expected that two out of the fouk.; = 1 states,
corresponding to thg; = L.; + 1/2; = 3/2 doublet
are narrower then the other two from thig = 1/2
doublet. The former can be identified with the narrow
D1 and Dy states, while the latter would include the
3 py state, which in a quark model is predicted to have
width of the order of hundreds of MeV [4].

To summarize, the measured charmed mesons res-

onances, with the exception of the latest BaBar state
seem to agree well with the quark model. From the
point of view of this classification, two states, one with
JP =0t and one with/? = 1* are missing; how-
ever, they may well be much broader then those ob-
served.
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Since theJ” = 0" BaBar state is not expected to by [8-10]
belong to acg family we investigate the possibility 2 2
it is molecular in nature. This could happen if there , — f—”Tr(a"UauU) + f—”TrM(U + UT)

is a strong flavor-singlet attraction between the pion 4
and thecs mesons. Since:, /m.; < 10% one could + }iQTr[IogU _ IogUT] + 3 0?
consider the BaBar state as a result of a pion being 2 m%ff

captured by a nonrelativistic (even static) charmed o[ 98 c
meson. Since the width of the resonance measured  + € |:2f2m4 Tr(8"Ud,U) + FD } 1)
by BaBar, (" < 10 MeV ) is small compared to the S d
energy difference between nearby coupled channels, The first two terms represent the lowest order terms of
e.g., |mpx2320) — mchK| — 40 MeV, channels other a nonlinear chiral Lagrangian, wiu_h =expin?T*/
than the measureB, should be unimportant. fr +1i/2/3n0/fx), 7 and no being the octet and

Even though it is expected that there are resid- Singlet meson fields, respectively. We have neglected
ual flavor-neutral interactions mediated by glueball small terms which differentiate between the flavor
(pomeron) exchanges, the details of such processes ar@ctet, f and the flavor singlet meson decay constants.
presently unknown. It is possible, however to formu- The Q = (a/4r)FF represents the gluon field and
late the problem using effective interactions once the the term linear inQ is responsible for the anomalous
relevant energy—momentum scales have been identi-coupling of the gluon to matter fields and for the
fied. In particular, theD,r interactions are mediated Ua(1) symmetry breaking. The firsp?-dependent
via multi-gluon exchange and its spectral properties at term can be interpreted as the kinetic term of the
low mass can be saturated bS/exchanges thus cor- gluon field. Flna"y the last two terms represent flavor-
related with matter fields [5]. The virtual light quark ~Singlet, lowest dimension gluon coupling to the light
matter fields coupled te or D mesons probe the light ~meson octet and the charmef, meson field. The
quark distribution in these particles up to momentum coupling constang = —0.63 can be determined from
scales of the order of the QCD scale~ 0.5-1 GeV,  then’ — wwn decay [8,10] and, as discussed above,
thus momenta in virtual meson propagators should be the unknown coupling, is expected to be of the order
truncated ap < A. The effectiveDr interaction ob-  0f A72. Using the equations of motion, thg-field can
tained this way could then be used to calculateffe be replaced by the matteg field which among others
scattering amplitude [6,7]. This requires iteration of leads to the following interactions:
the real part of virtuaDsr exchanges. Since we are not 3B 4. . .
explicitly including contributions from other channels  Lxmnon = Eﬁnoau” oFr,
the energies of the intermediate states have to be trun- ™
cated atE (p) < Ewn. For example for théd K thresh-
old, Ey, = 2.36 GeV, which implies the relative mo-
mentum in theDxz systemp < 340 MeV. Thus the
cutoff, u on the loop integrals ovePr states should
be of the order of a few hundred MeV. Of course if all ; 4 2
coupled channels were explicitly included, it would be  £07 = CZF/dx dy (8,7 (x))
possible to setr — oo. YN TR

To summarize, the effectiv®r flavor-singlet in- X (Tng()np(»)D*(y). ©)
teraction should have a natural strength if the scale in The expectation value of the (gluon) field is re-
the interaction is of the order of the QCD scal¢)( placed by an instantaneous contact term, smeared
and theDsx amplitude is truncated at momenta of the over the QCD scale, <Tng(x)ng(y)> ~ =80 —
order of a few hundred MeV.(). ¥9) %53 (x — y)/m?}, resulting in a finalD7 effective

The effective interaction can be deduced from an potential,
effective QCD Lagrangian which includes anomalous
Ua(1) symmetry breaking [5]. For the system under vy, — IB_C4 /dx (Bﬂn“(x))zDz(x), ()
study, the relevant part of such a Lagrangian is given 7

4

L _ Moy 2

DDnono = g 72 Not/ - 2
b

These resultin an effectivBrr Lagrangian given by
4
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with ¢ = 0(A%) ~ O(1 Ge\®). Due to absence of

multi-particle, relativistic effects and the low momen-
tum approximation g < w), the scattering amplitude

can be determined fronil — VG)~1v with G =

(E —/m? + p2 — \/mZ + p? +ie)~! being the free
Dr propagator. The scatterirfgwave phase shift can

then be easily calculated for the potential of Eq. (4)
and is given by

_ EZ(p)peBf(p/m)
327 fAE(p)(1— JIE(p)])

with E(p) = Ex(p) + Ep(p) = Jm2 + p2 +

,/sz + p2 and J (E) being the contribution from the

real part of Dt loop cutoff by a form factorf (p/ )
with u = O (few 100 MeVj,

tans (E) = %)

_ B
HE) =552
§ 7 " K2E2(k) £ (k/ )
) E O EpOIEp) — E® +iel

(6)
The comparison between our theoretical prediction
and the BaBar result is shown in Fig. 1. Instead of
plotting the data, for simplicity we plot a phase shift
resulting from a Breit—Wigner (BW) parameterization
of a resonance with magg, = 2.32 GeV and width,
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Fig. 1. Comparison between the phase shift calculated from the
formula in Eq. (5) (solid line) with the Breit-Wigner resonance with
M, = 2.32 GeV andl; = 10 MeV. The form factor in Egs. (5)
and (6) was chosen a&p/u) = 1/(1+ (p/n)?)2.
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I, =10 MeV (equal to the experimental resolution of
the BaBar measurement). We recall that a resonance
phase shift, parametrized by a simple (without energy
dependence in the width) Breit—-Wigner formula gives,

(I M,)? @
[(E2 — MP)2+ (I M,)?])

where M, and I, are the mass and width of the
resonance, respectively. In Fig. 1 this is shown by the
shaded region, whose size was fixedAtsir? sgyw =

0.1 roughly corresponding to size of the errorbars
in the mass distribution of thé,7 events shown

in Ref. [1]. The prediction forDzr phase shift from
Eqg. (5) is shown with the solid line and it was
calculated using = 1 Ge\? andu = 341 MeV.

Since the resonance is narrow it is clear that
the position and width will be sensitive to these
parameters. For example withfixed changingu by
+20% shifts the position of the resonance between
2.257 and 2393 GeV andI" decreases for low
M, to 7 MeV, as the resonance mass approaches
the Dz threshold, and increases to 22 MeV at the
high mass. However, by changing bothand u
within their natural ranges it is possible to restore
the original resonance parameters. The increasing
discrepancy between the BW parameterization and
the solid line at higher mass is due to absence of
phase space factors (demanded by unitarity) in the BW
parameterization.

In summary we have found that using reasonable
assumptions regarding flavor-independent interactions
between the pion and the charmed-strange mesons,
with natural parameters it is possible to reproduce a
narrow resonance in th®mz spectrum. Such states
should also be present in other charge modes, e.g.,
Dym®. We have also checked that our findings are
insensitive to the details of a formulation, e.g., we
studied the nonrelativistic approximation and used the
N /D method [6].

A similar analysis applied to thé” = 0t Dz and
DK systems produces scalar resonances with masses
and widths listed in Table 1. These predictions should
be easily tested by experiment because of the narrow
width of the states involved. These masses are com-
parable with the quark model predictions #fp, =
2.4 GeV andMp, = 2.48 GeV, respectively [11],
however none of these states have been observed yet.
We have also found that the observBg(2420) and

sin? sgw(E) =




26 A.P. Szczepaniak / Physics Letters B 567 (2003) 23-26

Table 1 i Acknowledgements
Predictions for the/? = 0% cii(d) (Dg) and charmed-stranges

(Dso) meson masses and widths obtained witk= 1 and 1 = Itis a pleasure the acknowledge Alex Dzierba, Don

340 68 Mev Lichtenberg, Dan Krop and Scott Teige for several
M, [GeV] I MeV] discussions. This work was supported in part by US
Do 2.15-2.30 724 DOE contract, DE-FG02-87ER40365.
Dy 2.44-2.55 17-42
References
D;1(2536)can be generated in thig*z and theD*K [1] BaBar Collaboration, B. Aubert, et al., hep-ex/0304021.

systems using a similar mechanism. Resonances in [2] K. Hagiwara, etal., Phys. Rev. D 66 (2002) 010001.
D*rz or D*K could in principle be studied this way [3] T. Barnes, F.E. Close, H.J. Lipkin, hep-ph/0305025.
well: however. sin the lifetim f th r [4] S. Godfrey, R. Kokoski, Phys. Rev. D 43 (1991) 1679.

as well, however, since the lilelimes o S are [5] C. Rosenzweig, J. Schechter, C.G. Trahern, Phys. Rev. D 21
comparable to that of the expected two-meson reso- ~~ (19g0) 338s.

nance the breakup channels of thé would have to [6] J.A. Oller, E. Oset, Phys. Rev. D 60 (1999) 074023, hep-
be included explicitly and those may prevent from nar- ph/9809337.

row resonance in the two-meson channels to be formed [71J-A. Oller, E. Oset, J.R. Pelaez, Phys. Rev. D 59 (1999)

in the first place. This is also true for possible molecu- 0700 hep-ph/9804209;
efirst place. Thisis also true tor p JA. Oller, E. Oset, J.R. Pelaez, Phys. Rev. D 60 (1999)

lar states build arounet mesons which can annihilate 099906, Erratum.
through strong interactions. Finally the interaction of [8] P. Di Vecchia, G. Veneziano, Nucl. Phys. B 171 (1980) 253.
Eq. (4) also leads to interactions in the relatR-avave [9] S.D. Bass, Phys. Lett. B 463 (1999) 286, hep-ph/9907373.

of the two-meson system, however the resulting phase [0 S:D. Bass, E. Marco, Phys. Rev. D 65 (2002) 057503, hep-

o . : ph/01081889.
SEIft is tslo.wtl'y varying and does not display resonance [11] S. Godfrey, N. Isgur, Phys. Rev. D 32 (1985) 189.
characteristics.



	Description of the D*s(2320) resonance as the Dpi atom
	Acknowledgements
	References




