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Interpretation of Interpretation of 
DDsJsJ

**(2317) and D(2317) and DsJsJ(2460)(2460)

OUTLINE
Spectroscopy of mesons containing a single heavy quark

Experimental evidences of charmed states
Evaluation of strong and radiative widths

Predictions in the beauty sector

Based on a work in collaboration with P. Colangelo (Bari)

Rossella Ferrandes 
Bari University

Torino IFAE, 14 April 2004 
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Hadrons containing a single heavy quark Q

In the infinite heavy quark mass limit, the heavy quark spin SQ and the 
light degrees of freedom angular momentum Sl decouple

Q
qQq mesons are classified in doublets labeled by Sl
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( )J = Sl + SQ
Sl = Sq + L

States differing for the heavy quark spin orientation are degenerate in mass.
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Strong decaysStrong decays
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EXPERIMENTAL OBSERVATIONS OF EXPERIMENTAL OBSERVATIONS OF 
STATES CONTAINING A CHARM QUARK STATES CONTAINING A CHARM QUARK 
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newly 
found 

sl
P=1/2+

scalar previously established 
sl

P=3/2+ tensor 

newly found 
sl

P=1/2+ axial 
vector

previously 
established 
sl

P=3/2+ axial 
vector 

previously 
established 

sl
P=3/2+ tensor 

Belle (July 2003) arXiv:hep- ex/0307021

Recently confirmed by 
FOCUS PLB 586,11 (2004)

Broad states
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CLEO

Belle

Discovery of narrow resonance 
DsJ

*(2317) in the            system 
)( +−++ → πKKDs0πsD

BaBar (april 2003)

narrow 
width

Recently 
confirmed by 

FOCUS

)22323( MeVM ±=

E. W. Vaandering, 
XXXIX Rencontres 

de Moriond (04) 

B. Aubert et al., PRL (03)

D. Besson et al., PRD (03)

P. Krokovny et al., PRL (03)
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BaBar

Belle
( )0*πsD

( )γsD

Discovery of narrow resonance 
DsJ

’(2460) in the            system 0*πsD

0

CLEO (may 2003)

narrow 
width

arXiv:hep-ex/0310050
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widths

meson width ratios
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Spin-parity assignment for DsJ
*(2317)

observation of                             
decay  0πsD natural spin-parity: 0+, 1-, 2+...

angular analysis (BaBar)
γsD decay 

not observed
1- assignment  
not favoured

BaBar angular analysis 
consistent with J=0

These arguments support JP=0+ assignment

Spin-parity assignment for DsJ(2460) helicity distribution (Belle)

observation of                             
decay  0*πsD spin-parity: 0-, 1+, 2-...

observation of                             
decay  γsD J=0 assignment ruled out

Belle angular analysis 
consistent with J=1

These arguments support JP=1+ assignment
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INTERPRETATIONSINTERPRETATIONS
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For sl
P= 1/2+ strange states potential models typically predict masses

larger than the experimental values, above the DK and D*K thresholds

So sl
P= 1/2+ states were expected to have large widths

In the canonical interpretation as cs states, the experimental resonances are 
narrow because of isospin violation.

Different interpretations:
CDF• 4-quark state       (H. Y. Cheng et al. 03)

• molecule   (Barnes, Close, Lipkin 03)
• atom                (Szczepaniak 03)
• …

DK
πsD

CDF looks for isospin partners
in Ds

+ and Ds
+ systems.−π +π
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To identify the experimental resonances with cq states 
of Sl

P=1/2+ doublet we must

calculate strong widths 

calculate radiative widths 

for non strange states:    
large widths   

obtaining

)100(~ MeV

strong

me

Γ
Γ ..

for strange states:    
•width < experimental resolution
• according to experimental values
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0*
0D

+D

−πStrong decays

Non strange states

−+→ πDD 0*
0 h

{ }21251 HASihTrLeff
µ

µγγ=

2.06.0 ±=h (QCD sum rules)
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P. Colangelo et al., PRD (95)
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Strange states 0*
0 πss DD → Isospin violating decays
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Analogously for the  
scalar state:
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Radiative decays
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Summary of the results: P. Colangelo et al., PLB (03)
P. Colangelo, R.F., in preparation

meson experimental width (MeV) evaluated width (MeV)

Overall agreement with 
experiments supports 

our interpretation
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Predictions for beauty mesons belonging to 1/2+ doublet

...
2

2

+
∆

+Λ+=
Q

M
QM m

mmm 21
2 λλ MM dm +−=∆

−

2
1 +

2
1

Q
M

Q
QM m

d
m

mm
22

21 λλ
+−+= Λ

Q
M

Q
QM m

d
m

mm
2

'
2

'' 21* λλ
+−+= Λ

kinetic 
energy

chromomagnetic 
interaction

M=S, AM=P, V

( )222

2
1

lQlQ SSJSS −−=⋅
3, −=SPd

1, =AVd

Q
Q

AS

m
mmmm

2
''

4
3~ 1* λ

−+=
+

= Λ centre of mass 
of the doublet

b
bb m

mm
2
''~~ 11

][
*

][
λλ −

−Λ−Λ=−
][

*
][][

*
][

~~~~
ccbb mmmm −+=

c
cc m

mm
2
''~~ 11

][
*

][
λλ −

−Λ−Λ=−
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
≅

− 0
2
' 11

Qm
λλ



19

( ) MeVBm s 5721*
0 =

( ) ( ) ( ) ( )[ ]*
01

*
01 '' ss

b

c
ss DmDm

m
mBmBm −≅−

][
*

][][
*

][
~~~~

ccbb mmmm −+=
( ) MeVBm s 5762' 1 =

( ) MeVBm 5744'0
1 =

( ) MeVBm 57100*
0 =Analogously for 

non strange states:

( ) ( ) GeVKmBm 73.5=+
( ) ( ) GeVKmBm 82.5* =+

1

BKBs →*
0

KBB s
*

1' →

meson mass (MeV/c2) width (MeV/c2)



20

CONCLUSIONS

Charm sector

Strange states:

•widths << experimental resolution
Experimental 

measurements 
consistent with 

canonical 
interpretation

•strong widths ~ radiative widths

• according to experimental values
strongΓ

•widths consistent with experimental
measurements (~100 MeV)

meΓ ..

Non strange states:

Beauty sector

•Predictions of masses and widths for beauty mesons belonging to 1/2+ doublet

bs states could be discovered analyzing LEP data
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cq mesons bq mesons
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experimental masses
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decay
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