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The X(3872) as a D D*bar molecule
Role of charged and neutral channels. Isospin considerations
Some X,Y,Z states as hidden charm vector-vector molecules
Radiative decay of these X,Y,Z states.



Hidden gauge formalism for vector mesons, pseudoscalars and photons
Bando et al. PRL, 112 (85);   Phys. Rep. 164, 217 (88)







The Lagrangians are extended to SU(4), but it is broken because
the exchange of heavy vector mesons is much reduced compared to the
light ones. 



This kernel projected over s-wave and used as kernel
In the Bethe Salpeter equation.

X(3872)

Vector – pseudoscalar interaction



One searches for poles in the complex plane: they correspond
to bound states or resonances.

Projected over s-wave



RESULTS

Results in brackets
When considering 
finite width of ρ and 
K* mesons

Hidden charm predicted 
states. They are nearly
degenerate but with 
opposite C-parity.

K.Terasaki, 07
also advocates for two
different C-parity states

Light states, a1
b1 … first studied
by Kolomeitsev 
and Lutz, later by
Roca, Singh, E. O.



X(3872) state S=0, 0+(1++). Qualitative discussion: take the main channel,
Dbar D* - cc , and separate

The coupling of the resonance to the two channels is the same

DD*bar(I=0)=D0D*0bar+D+D*- +cc,   which would correspond to I=0

One could interpret is as having a wave function:

But wait, wave functions in coordinate space need care:  coming later

as channels 1 and 2



Isospin breaking in the X(3872) resonance
Daniel Gamermann and E. Oset,  Phys. Rev. D

ω

ρ

Violation of G-parity isospin

DD*bar(I=0)=D0D*0bar+D+D*- +cc

Different masses
for neutral and 
charged D’s



Many works consider X(3872) as a bound state of
D0 D*0 E. Swanson, E. Braaten, Lyubovitskij, Dong, Gutsche ….

We perform a coupled channel approach with different masses 
for D0 D*0 and D+ D*- (and cc of both).  The result is that even

if the  binding energy of D0 D*0 is very small one still has a very 

good I=0 wave function. 

With fixed masses of ρ and ω

Considering the mass distributions of ρ and ω

We can describe this ratio with no isospin
breaking of the X(3872) wave function

If we had only D0 D*0 that ratio would be 50 times smaller !!



Wave functions in momentum and coordinate space



The wave functions at the origin for the neutral and charged components
are very similar: for short range interactions of the strong interaction
this is what matters and what determines the isospin of the state.

It does not matter that the probability of the neutral component is
much bigger.



Hidden charm states from the interaction of vector mesons
R. Molina, E. Oset PRD 2010

We take the vectors of the table, use the hidden gauge 
Lagrangians and study their interaction in the coupled channel
unitary approach.  We get three states around 3940 MeV
with 0++,1++,2++, and one around 4160 MeV with 2++

We look for poles of the T-matrix, the residues give the
couplings of the resonance to channels

To be associated
with Z(3930) of 
Belle, seen in
γγD barD
0++,2++ but 2++

preferred because
of angular correla-
tions
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the X(4160)

This state also described as Ds* Ds*bar in Dong, Lyubovitskij,
Gutsche, T, Branz ….using the Weinberg compositeness method.



Radiative decay of
The X,Y,Z states , T. Branz, R. Molina, E. O.





The state with 2+ is clearly preferred by these data.

Belle Collaboration, S. Uehara, PRL 2010

We can calculate

And also



Conclusions:

The X(3872) as a 0+(1++) state of D Dbar*, requires the charged and
neutral components. Their wave functions at small distances are 
similar  determines the I=0 character of this resonance.

Some of the X,Y,Z states around 4000 MeV can be acommodated as
V-V molecules with hidden charm: masses, widths and partial decay
widths seem to match within the limited experimental information.


