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In this talk | show the results we have found by studyingitip system with the method of QCD
sum rules. We have investigated the different isospin amdgmfigurations and obtain thr&:
mesons with isospih=1/2, spinS= 0, 1, 2 and with masses 258067 MeV, 2523+ 60 MeV,
and 2439 119 MeV, respectively. Comparing our results with the stditged by the Particle
Data Group, the last state can be relate®3¢2460 (spin 2), while one of the first two might
be associated witlD*(2640, whose spin-parity is unknown. In the caselof 3/2 we also
find evidences of three states with spin 0, 1 and 2, respégtiwith masses 2467 82 MeV,
2420+ 128 MeV, and 255856 MeV.
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1. Introduction

The interest in the charmed meson spectroscopy has grovemesfially since the discovery
of the D andD* mesons [1], and experimental facilities like Cleo, BelleBar, etc., are bringing
every time more relevant information about the charmed mepectra [2].

However, in spite of all the efforts, a rather scarce infdiorais available on basic properties
of the charmed meson resonances like spin, isospin, patity3]. It is also interesting to notice
that the energy region studied experimentally, 2400-27%0/Movers a range of only 350 MeV
from the first to the last excited state, while the interactibaD or aD* meson, due to their heavy
mass (around 2000 MeV), with a vector or few pseudoscalaonsesould give rise to a resonance
with a mass close to 3000 MeV. Recently, a theoretical warsk@lhis line was made in Ref. [4],
where a system formed of @ meson and thdy(980) resonance was investigated and a 2w
meson state with mass around 2900 MeV was predicted. Skyilgith another recent study of
the D*p system in s-wave using effective field theories [5] an effa$ been made to shed some
more light on the nature of two of tH2* resonances listed by the PDB;(2460 andD*(2640.

In Ref. [5] the spin-parity of the former state was confirmed&J” = 2+, and the spin and parity
of the latter one was predicted to Bé= 1. In addition, a new state with mass close to 2600 MeV
and spin 0, thug® = 0, was predicted.

In this talk | present the results obtained from our invetan of theD*p system using QCD
sum rules.

2. Framework

The starting point to determine the mass of the posdiile states with the QCD sum rule
method is the evaluation of the two-point correlation fimrct

N(@) =1 [ dxe™(OT [j(i ()] [0), @)

whereq is the momentum flowing from O ®, T[- - - | represents th&-ordered product anis the
current associated to tH& p system.
The simplest current we can use for h&o system is of the form

v (%) = [G(X)yuca(X)] [y GB(X)] , (2.2)

with gt(x), g?(x) andg®(x) representing the fields of the light quarksr d, c(x) is the field for the
quarkc, aandb are color indices angt represents the Dirac matrix.

The correlation function in Eg. (2.1) has to be projectedsmspin and spin. For the projection
on spin, as shown in Refs. [6, 7], we use the following prajest

gZ(O) _ %A“VAGB, gz(l) _ %‘ (AuaAvB _AHﬁAva) 7 (2_3)
93(2) _ 1— (AuaAvB —i—A”BAva) _ }AHVAUﬁ
2 3 ’
with
A = 0uQv _ :
w=—Gu+ =z Guv = metric tensor (2.4)
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Equations (2.3) correspond to the covariant extrapolatfche nonrelativistic projectors found in
Ref. [5] (for more details see Refs. [6, 7]), which impligitkssume that we have relative angular
momenturrL = O for the two vector states. Thus we project the currents only” = 0+, 1+ and

2",
In this way, the correlation function used to described tlogperties of thé*p system is given
by
n'S(?) = 27N, g (2.5)
with
. i . g 1
My ap = |/d4xéqX<O|T [k ©] 0) (2.6)

The superscript in Egs. (2.5) and (2.6) means isospin projection, which @addne considering
the corresponding Clebsch-Gordan coefficients.

To evaluate Eq. (2.6) we need to rely on its dual nature: figelanomentum the correlation
function represents a quark-antiquark fluctuation and @andbculated using perturbative QCD.
At small momentum, the currenid and j of Eq. (2.1) can be interpreted as operators of creation
and annihilation of hadrons with the same quantum numbetbkeasnes of the current The
first way of evaluating the correlation function is calledPP description” (Operator Product Ex-
pansion), while the second receive the name of “Phenomgicalodescription.” (for more details
see Ref. [6]). Ideally, the results from the evaluation @& torrelation function within the two
approaches mentioned should be the same at some rarafeabfwhich we could just directly
equate both expressions. However, this is not exactly tugetd the approximations involved in
the two methods. A way of solving this is by applying the Bdrahsformation to both correlation
functions and then equating them. In this way it is possiblddtermine the mass and coupling
to the current used of a state formed in the system under.sflidg disadvantage of the Borel
transformation is that it introduces a new parameter, thelBoass. Ideally, the results should not
depend on the value of the Borel mass used to determine thaminBa realistic case, this is not
completely true and one relies on the existence of a rang@ Bhasses (or Borel “window”) in
which the results obtained for the mass and the coupling earlted upon.

3. Resaults

For the case of isospin= 1/2 and spirS= 2, the mass sum rule is stable in the Borel window
found and gives as a result

The value shown in Eq. (3.1) is obtained by averaging the mnassthe Borel window and by cal-
culating the standard deviation to determine the error. stionaite the uncertainty of the result in
Eqg. (3.1), we consider the change found in the mass of thewtsite varying the quark masses and
condensates within the error related to them. Taking intmaat all these sources of errors, aver-
aging over the results found in the different Borel windowsd aalculating the standard deviation,
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we obtain

ml/zjz = (2439:|: 0119) GeV,
A1j22 = (8.14+1.61) x 10 3Ge\P. (3.2)

Analogously, we repeat this process for the cases spin 0 amdspectively and obtain:
My /20 = (2.500+0.067)GeV,my 51 = (2.523+ 0.060) GeV.

The state found in this manuscript with spin 2 can be assatiaith theD3(2450) listed by
the PDG. For the states with spin 0 and 1, there is only oneidatadlisted by the PDG and that
is D*(2640. However, nothing is known about the spin and parity of tiédes In Ref. [5], the
widths related to the resonances found were calculatedjrofg a width of around 40 MeV for
the state with spin 2, 60 MeV for the state with spin 0 and jicatlty zero width for the state with
spin 1. Since the width listed by the PDG r (2640 is ' < 15 MeV, the authors of Ref. [5]
associated the state with spin 126(2640 and predicted the existence of a state with spin 0 and
a similar mass, but with a much larger width. In this manycrve have calculated the masses
and couplings for the different states. To make a propettififgation of D* (2640 with one of the
states with spin 0 and 1, a QCD sum rule calculation to deteriiie width of each of the states
might be helpful. However, this is beyond the scope of thesqume manuscript. Thus, with the
information at hand, we can only confirm the existence of t@arly degenerate states with mass
around 2500t 60 MeV and spin 0 and 1, respectively, one of which can prgbhblrelated to
D*(2640.

For the casé = 3/2, we find also three states with masse#Z+ 0.082 GeV, 2420+ 0.128
GeV, 2550+ 0.056 GeV and spins 0, 1, and 2, respectively.

4. Summary

Using an approach based on QCD sum rules, we have studieaténadtion of &D* and ap
mesons and investigated the existence of resonances fdiffda@nt isospins and spins. For the
isospin /2 case, we have found three states with mas<#302 0.067 GeV, 2523+ 0.060 GeV
and 2439+ 0.119 GeV and spin 0, 1 and 2, respectively. For the case ofiis@f2, we have
obtained three states with masse46Z+ 0.082 GeV, 2420+ 0.128 GeV, 2550+ 0.056 GeV and
spins 0, 1, and 2, respectively.
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