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A new structure at 3.25 GeVidhas been recently reported by the BaBar collaboration which
has received the name ¥£(3250. A preliminary fit to this structure gives a mass M=3245

20 MeV/c and a width™ = 108460 MeV/c2. A molecular interpretation ask;(2400N bound
state has been proposed since the threshold for this charahe$e to the nominal mass. However
the width of theD; (2400 seems to be too large to explain the width of ¥3€3250). As theD*A
threshold is also close to the nominal mass of the state, westigate the possibility to bel‘A
bound state. We find three possible molecules Wi¥) quantum numbers(3 "), 2(%7) and
1(%7) which are compatible with the measured mass and width.
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1. Introduction

A new structure at 25 GeVE? has been recently reported by the BaBar collaboration in the
ST invariant mass spectrurf [1] which has received the nam& (@250). A preliminary
Breit-Wigner plus background fit to this structure gives a midss: 3245+ 20 MeV/c? and a
width I = 108460 MeV/c? [@].

Soon after the experimental observation éteal. [B] suggested that th¥:(3250 could be
a D§(2400N molecular state. This hypothesis has been tested in a QCD sum rule calculation
by Zhang [#]. The conclusion of this work is that the conventional OP#/egence should be
released to obtain a state with a mass dB3GeVt?. Therefore only weak conclusions can be
drawn regarding the explanation of thg 3250 as aDy(2400N molecular state in this framework.
One reason to suspect why this description may fail is thaD{@400 resonance is too broad
(I =267 MeV) which makes difficult to justify an experimental width of the ordet@® MeV.

In this work we propose an alternative description of ¥aé3250 as aD*A molecule. In
this case, the threshold is located at 3240 M2\&0 theX;(3250 state is almost at threshold.
Furthermore the width of th& fits better with the experimental result.

We will use a similar framework that has been used to study many differdmanolecules.
One typical example is th¥ (3872 which can decay intd/@p and so completely rules outca
interpretation. In Ref[[5] we performed a study of this state as a po$3iblenolecule coupled to
cc states within the framework of the CQM of R} [6], finding an overall gdedcription of some
measured properties. Oth¥ilY Z states have been studied in R¢f. [7]. This model also describe
the deuteron as BN bound stat¢]8] and predictsfah bound statg]9] with the quantum numbers
proposed by the WASA-at-COSY collaboratipri[10].

In the baryon sector th&;(2940 has been proposed as a possbi®l molecule [1]L] within
the same model.

2. The Chiral Quark Model

We will use the CQM of Refs[Jd,12]. In these references all the dethilseomodel can be
found and here we only summarize the most important aspects.

One of the most important features of QCD at low energies is the sponwbesaking of
chiral symmetry. The model uses the most simple Lagrangian that desciifbeffélkt which can
be written as

M =P(iyH o, —MUB)Y (2.1)

whereU¥ = @™A%/fr ~ 14 Lysremd — Z—}T%Hana with 7@ the pseudo-Goldstone meson octet.
This effect generates the constituent quark mass for light quarks aimatéhnaction between quarks
through Goldstone bosons.

Another crucial non-perturbative effect of low energy QCD is cafient. This fact prevents
hadrons to be in colored states and we used a linear screened continemen

QCD perturbative effects are included with the coupling between quarkglaons given by

Lqq = 1/ ATasWy, GEA W (2.2)

which gives rise to the one gluon exchange interaction.
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Figure 1: Diagrams that contribute to the meson-baryon interactiiost fow) and to rearrangement pro-
cesses (second row).

JP | state Mass (MeVA) Ep(MeV) Pna{Channel)
%: 2 D*A 3233 —6.47  9971(%S,,)
gi 1 DA 3097 —0.88  9913(“S;),)
g_ 2 DA 3238 —-0.98  9969(%S,,)
> 1 DA 3226 —-1312  9725(°S;),)

Table 1: PossibleD*)A states found within the model. The mass, binding energy aamximum partial
wave probability are given.

3. The meson-baryon interaction

The meson-baryon interaction is obtained using the Resonating Group diédlocantisym-
metry effects are present and the interaction is given by

S W (BRIl (Vi (PP () Ve ) (3.
EB

whereVp is the Direct RGM kernel an®#,.(Bc) are the internal wave functions ofGabaryon or
heavy meson witloc quantum numbers. The diagrams contributing/goare shown in the first
row of Figl[].

However processes in which a quark is exchanged between the mabstrearnucleon (rear-
rangement processes) are possible and give rise to different demdgs. The contributing dia-
grams are represented in the second row ofFig.1.

4. Results

First we have performed a calculation looking for possibjg2400N bound state and we
have not found any in the sectors with quantum numb@r(séﬁ), (3 )and ). We then cal-
culated possibl®*)A molecular states and their bottom partners. The results are summarized in
Tables[]l and]2. In the charm sector we find @2 state and thre®*A, being one of these last
three states our candidate for tg(3250. All of them have a bottom partner and we find one
additional state in thBA andB*A sectors.



The %(3250) as a D'A molecule D.R. Entem

JP | state Mass (MeVA) Ep(MeV) Pna{Channel)
7 2 BA 6541 ~1421  9969(S;),)
5 1 BA 6499 —-1072  8814(%S;),)
3 2 BA 6506 —3.67  9472(*Sy),)
5 1 B2 6555 ~-039  9710(“S;2)
3 2 BA 6550 —4.85  9948(*S3),)
> 1 BA 6532 —2316  9676(°S;),)

Table 2. PossibleB*)A states found within the model. The mass, binding energy asxdmum partial
wave probability are given.

o loa Toon Ton Tom Tone Tonm
1" 2 DA 0005 O 0 0 111 0
1 DA 0 131 0001 O 0049 113
3 2 pA 618 0 0O 0038 114 0
> 1 DA 0003 123 064 O 108 0
Table3: Widths (in MeV) for different decay channels of the possibl&/A states found.
> Ma  Ten Ten Tem Tene Tonn
17 2 BA 0021 O 0 0 111 0
5 1 BA 0 391 002 O 0 98
s 2 B O 0 0 0 0 108
3% 1 B'A 1247 0224 Q019 Q076 115 O
3% 2 BA 1984 0 0 0 114 0
5 1 BA 0001 O 090 O 108 0

Table4: Widths (in MeV) for different decay channels of the possiBlgA states found.

We have also analyzed different decay channels of the states fobase @re given in Tablgk 3
and[}. As seen in the tables the width of the states is dominated ydbeay intoN 77, been the
main decay channel f@*)A (B*)A) theD*) N7 (B*Nm) channel.

As seen in Tabl€]1 thaD* hypothesis implies a negative parity of the state against a positive
parity in theD*(2400N hypothesis. In the second cdse 1 is implied while in the first case= 2
is also possible. The main decay channel would®bN T in the first case an®Nrrin the second
case. These differences will allow to distinguish between the two hypoth&lsis in both cases
a bottom partner should appear, however in the first case the mass veoatdund 100 MeVic
lower that in the second case and will have a value in the order of 6.5 &eV/c
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