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*0 * '0 *
0 0 1

 has under gone a  revival  in recent years
 with the observation of many new states such as
Field of hadron spectroscopy

                              

(2351) (2403), (2438), 2317),,   (sJ SJD D D D D+ +

  

Could   be   new   excited  charmed mesonic states. 

But require more  confirmatory mesurments for defenite identification. 

(3872), (3140) .

2460) 

X Y etc

Introduction
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Spectroscopy & New Particles from Spectroscopy & New Particles from BaBarBaBar, , 
Belle, Cleo and Focus CollaborationsBelle, Cleo and Focus Collaborations

*0 * '0
0 0 1 Evidence of Broad cu, cd states   , and  :

The first evidence of  broad states  was  provided by Cleo Collaboration (2000).
Further support came recently  from Belle (2003) and Focus (200

D D D
cq

+ −

4) Collaborations. 

* ' 0
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79 26 (Cleo)                                       290+
− ±



55

BABAR  experiment  is  an    collider  experiment running  just  below (4 ) 
resonance designed  to  perform  precision  measurements  of  CP  violation
in -system, but has proven  to  have  signi

e e s

B

γ+ −

ficantlly broader  physics  reach.
Among  many  things  it was the first experiment to observe (2317) state.SJD+

*  (2317)                        (2460)                       Collaboration
( )               ( )      ( )            ( )

2317.3 0.4 0.8    < 10          2458.0 1.0 1.0    < 10        

sJ sJD D
M MeV MeV M MeV MeVΓ Γ

± ± ± ± BaBar[PRL(2003),PRD(2004)]
2317.2 0.5 0.9    < 4.6         2456.5 1.3 1.3    < 5.5        Belle[PRL(2003)]
2318.5 1.2 1.1    < 7             2463.6 1.7 1.2    < 7          Cleo [PRD(2003)]

± ± ± ±
± ± ± ±
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Quark model Analysis:

Potential Models
HQET
QCD Sum rule
Chiral Model
Lattice 
etc…
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A potential model Predictions (CPP)A potential model Predictions (CPP)

The Hamiltonian for the case be written as [Hwang et al,1996]

Where M is the heavy quark mass, m is the light quark mass, p is
the relativistic momentum of each quark and V(r) is the quark-
antiquark potential.
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S-Wave and P-Wave masses (in GeV) of Ds meson

S-Wave and P-Wave masses (in GeV) of D meson

[1] PDG 2006; [7] G. L. Wang PLB633,2006;  [8] D. Ebert et. al PRD57,1998; [9] JNP & PCV  
Pramana57, 2001.
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Decay Constant of Ds meson 

Decay Constant of D meson 

[1] PDG 2006; [7] G. L. Wang, PLB633,2006;  [15] G Cvetic et. al, PLB596,2004; 

[16] A.A Peninand et. al, PRD65, 2002; [17] D Ebert et. al, MPLA17, 2002.
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0 0 1 1      ( )     ( )          ( )        ( ) 

            
      2.200             2.357               2.350

Quark model analysis: a summary of the masses of p-wave  and  mesons:  

s sD GeV D GeV D GeV D GeV

cq cs

         2.453 [Fayyazuddin & Riazuddin,PRD(2004)]
      2.200             2.288               2.383         2.465 [M Sadzikowski,PLB(2004)]
      2.195             2.353               2.206         2.369 [  = 0.5 CPP  model, A K Rai & P C V 2007]
      2.347             2.512               2.378         2.560 [  = 1.0 CPP  model, A K Rai & P C V 2007]
      2.388             2.607               2.458

ν

ν

ν
ν

         2.714 [  = 1.5 CPP  model, A K Rai & P C V 2007]
                           2.420 [Y B Dai et al.(QCD sum rule), PRD68(2003)]       
                           2.303 [  Chiral model 2.552 [E E 

νν

→ ←

 [JNP&PCV, Pramana57(2001)]         
    

Kolomeitsev & M F M Lutz, PLB582(2004)]
  

                              
     
      2.385             2.514               2.417         2.550

Pre 2003 Predictions:

    
       

2.377             2.487               2.490         2.535 [M Di Pierro and E Eichten,PRD64(2001)]
2.341             2.455               2.389         2.502 [T A Lahde et al.,NPA674(2000)]           
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In general, adjustment of input parameters produce    results  in  better
agreement with observation. But in the case of Coulomb plus linear potential with
lowest order relativistic correctio

a posteriori

ns, the two newly  observed    states  do not fit 
with the theoretical results. Thus suggesting a different interpretations.

cs

Lattice :  Yes  [A Dougall et al.,PLB569(2003)] and No [G S Bali PRD68(2003)] 
for simple  interpretation.qq

    

By incorporating the subleading terms in the chiral  expansion  and adjusting 
three new  input  parameters  to reproduce the observed spectrum, the values 
of 2.352 and  2.416 GeV  for 0 staand  1+ +

. 

tes   are obtained  together  with 
prediction of a scalar S=0 state with mass 2.389GeV 
[J Hofmann and M F M Lutz, NPA733(2004)]

However no evidence has been collected of the new predicted state.
The  question  that  remains :   Why  previous  predictions  resulted  to  be   incorrect  
and what is the new physics information that must be encoded in models to reproduce
the experimental measurements? 
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Possibilities of Multi-quark states such as Four quark states or molecular like
are being considered :

*

0  ,

(2317) as  four quark state -with 0, , ;   the observed transition
to would be isospin violating that explains the observed narrowness.

On the otherhand with 1,  predicted with nearby 

sJ

s

csqq I q u d
D

I

D
π+

= =

= mass, would be broad.

*Are (2317),  and (2460) unconventional States?sJ sJD D

*

*

In the molecular interpretation  (2317) could be viewed as   molecule, mass 
very close to DK threshold [H J Lipkin(2004)]. Corresponding interpretation for 

 molecule.
Nume

(2460),  would be 

sJ

sJ

DK

K

D

D D

* *
0 0

* *
0 0

rical  estimates  are   infavour  of  molecular   interpretation.  In  this 
interpretation, two other scalar resonances ( , ) with masses of : 

2.15 2.30 ,   and    2.44 2.55 ,

are to
s

s

D D

D D
M GeV M GeV= − = −

 be experimentally confirmed.
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*   Near equality of the masses of non strange and strange charm*   Near equality of the masses of non strange and strange charmed states ed states ––
Not theoretically reproduced.Not theoretically reproduced.

*  The missing evidence of the radiative decay mode*  The missing evidence of the radiative decay mode DD**
sJsJ(2317) (2317) →→ DD**

ssγγ
(deserve further Experimental Investigations)(deserve further Experimental Investigations)

•• One could look at The modesOne could look at The modes--

B B →→ DDsJsJMM (M= D,K,(M= D,K,ππ)) →→ can further discriminate between quark antiquark can further discriminate between quark antiquark 
and multiquark interpretations.and multiquark interpretations.

ψψ(4415) (4415) →→ DD**
ss DDsJsJ(2317)(2317) →→ can also investigate charmed resonancescan also investigate charmed resonances

Puzzles about these statesPuzzles about these states
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Spectroscopy and new particles at BelleSpectroscopy and new particles at Belle

+
There is an impressive list of new particles diascovered by Belle  in the
last few years. (3872) when analysing  decay
soon confirmed by CDF, D  and BaBar.

X B J Kψ π π
φ

+ − +→

New decay modes have been found and the assignment has been 
    estabhised.

PCJ⇒

Found difficult to identify with any conventional  charmonium  state.⇒
0 0*

*
(3872) mass equal to the  threshold suggests that it could be 

     like  meson-meson state.
X D D
DD

⇒

0*= 1  assignment for molecule  is  strongly favoured 
     [Swanson Phys. Lett. B588(2004)189]

PCJ DD++⇒

Further the observation of the decay  would unambiguously
     establish 1 for .

X J
C X

γ ψ⇒ →
=+

This has been achieved by Belle in consistent with Swanson's prediction.⇒
-Further  0 ,0   has  proved  disfavoured  while   1  is 

     compatible with fit and strongly supports its molecular interpretation.
PC PCJ J+ ++ ++⇒ = =
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Potential model study of Di - mesonic 
systems:
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,

 and   meson  systems  play  fundamental  role  to  test  and  improve our  under
standing  of  SM  flavour   dynamics.   The   mixing   parameter       represents 
im

B meson mixing & Lifetimes

sd

d s

B B
mΔ

portant  constraints in  the  unitary  triangle  analysis.  Their  theoretical  estimates  
requires  non-pertarbative calculations of  -meson decay constants and - parameters.B B

Weak processes and related Aspects of Heavy 
flavour Physics

b

W+ W-

t

t
b

d,s

d,s

b

d
s

d

W- c
c

 , cJψ η

k0
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TEVATRON, Fermi Lab's      Collider:       CDF TEVATRON, Fermi Lab's      Collider:       CDF 
detectors detectors 

0 0 0

The  Program in RUN  Offers large sample of semileptonic  decays.

 lifetime( ) = 1.434 0.05  (average)

 : (  1.42 0.043 0.057  ( 2002 04))

Searches for : ,  and  rar

s s

s

s s

s sd

B II B

B ps

B D X ps D

B B B

τ

μ τ φ

μ μ μ μ φ+ − + −

±

→ = ± ± −

→ → e decays and measurements
of  meson are  persued at  CDF &   using RUN-II data cB Dφ

pp Dφ
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HQE (Heavy quark expansions) have become a powerful tool for calculating 

1perturbative and non perturbative QCD corrections.  Expn & ( )

1To order O  there are six parameters:

The runn

b
b

b

m
m

m

α
⎛ ⎞
⎜ ⎟
⎝ ⎠

⎛ ⎞
⎜ ⎟
⎝ ⎠

2

3

2 3

 ( ),  ( )

(

ing kinetic masses of the ,  quarks:    

and four non perturbative parametrs:   

and ( )  The expectation values of the kinetic chrmomagnetic, Darwin and 
spin-orbit

), ( ), ( )

LS

b c

G D

m mb c

π

μ μ

μ μ μ μ

ρ μ

ρ μ

−
 operators - respectively.

All these parameters depend on the scale ,  separating short distance from long
distance QCD effects.

μ
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EXPT.[PDG,2006]                6.286
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LHCb(Cern) can contribute studies of , &  and numerous excited states.
Super -factories (Future) Expected to be in operation by 2007

Future Experiments and Expectations:
cS bB B

B
Λ

 High statistics samples of -decays
   Unique & clean envirment to study meson spectroscopy from 
         light to charmed & charmonium mesons.
    Many new particles have been discovered and others

B•
⇒

⇒ are being
         accurately studied.
    Broad resonaces can be reliably studied.⇒

'

 Charmless -decays allows search for still missing pieces in meson 
   spectroscopy: the Glueballs & hybrid mesons.
    ( ) can be a window for discovering glueballs.
    Unfortunately branch

B

B X b sgη

•

⇒ → →
⇒ ing fractions of  these decays are very small 

         and can be studied only at very high  luminicity collider.
   May new charm baryons are also expected with better statisics. ⇒
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*

    Exotic gluonim excitation by lattice QCD predicts 1 between 4.04 and 
        4.4 GeV proximity of   threshold could make it narrow.

    Some hybrids can have exotic quantum numbers such a

PCJ
D D

−+⇒ =

⇒

c

s 0 , 2 ,1

    (2 ) has been observed in  collisions 
                   B.Albert . , PRL 92(2004),142002     

    The (3940), (4260) resonances have been discovered.but large luminocity

PCJ

s
et al

Y Y

η γγ

−+ +− −+=

⇒

⇒ at 
          super factory can not only provide its status but also can discover new 
         charmonium states.

B−
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ThanksThanks
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