
  

Heavy mesons in the 
quark model

15th International Workshop on Mesons Physics

Meson 2018

D.R. Entem

In collaboration with:

F. Fernández
P.G. Ortega
J. Segovia



 
15th International Workshop on Meson Physics

Outline

● 1974 - The November revolution 
● The naive quark model - phenomenological potential models
● 2003 - the discovery of the X(3872)
● Open charm and bottom meson dynamics – the Chiral Quark Model
● HQSS and HFS in the naive quark model and in the unquenched quark model
● The 3.9 GeV region – discrepancies from the naive quark model
● States above threshold – New resonances measured by LHCb
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The November revolution

The two particles were seen as the same
The GIM mechanism (1970) required a new quark to explain the 
suppression of flavor-changing weak decays that were not observed, the c quark 
The             was discovered at Fermilab in
on the dimuon distribution at 9.5 GeV on 1977.
Very soon after the Cornell model was developed
Phys. Rev. D 17, 3090 (1978)
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The Cornell model

Basic assumptions: basic interactions with SU(3) color gauge symmetry 
with flavor only broken by the quark masses.
Heavy quarks are treated non-relativistically
Interquark interaction assumed as

Flavor independent
Spin independent HQSS symmetry

Coupling to two meson states is considered
The linear term dominates over the coulomb (small strong coupling constant     )
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The Cornell model
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PDG 1978
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PDG 2003

Cornell
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PDG 2017

Charmonium: A total of 37 states

Bottomonium: A total of 20 states
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Bottomonium
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The X(3872)

Discovered by Belle in 2003
Confirmed by CDFII, D0 and BaBar
LHCb set the quantum numbers to JPC=1++ in 2014
                                    Difficult to explain as a cc state
Mass very close to              threshold
Ratio can be easily explained on the molecular picture due to the mass
difference between              and 
Possible explanations

Pure molecule
Mixed                   molecule
Tetraquark
Hybrid

Belle
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Molecular picture

Use symmetries of QCD:

Heavy Quark Spin Symmetry
Hidden-charm sector:

A                      should appear as a bound state X(4012)

Other states depends on additional assumptions

Heavy Flavor Symmetry
Hidden-bottom sector

                  and                     analogs as bound states

Other states depends on additional assumptions
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Molecular picture

Bottom partner of the X(3872):

Not found by CMS, Phys. Lett. B 727, 57 (2013)
Not found by ATLAS, Phys. Lett. B 740, 199 (2015)

Not found by Belle, Phys. Rev. Lett. 113, 142001 (2014)
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Quark model

Strong decays         one meson and two-meson states are coupled

On the quark model means that qq and qqqq should be mixed

Coupling:

Microscopic model (like Cornell)

Phenomenological 3P0 model, OZI allowed decays

On the 3P0 model there is only one parameter

J. Segovia, DRE, F. Fernández, Phys. Lett. B 715, 322 (2012)
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Two meson dynamics

Hadronic state: 

Two meson dynamics: 

The effective potential is:
Attractive for states above threshold
Repulsive for states below threshold
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Two meson dynamics

Direct terms:
No change of quark content
Cancel for color interactions

Rearrangement process:
Change quark content
Color interactions contribute
Suppressed
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The Quiral Quark Model

A. Manohar and H. Georgi, Nucl. Phys. B 324 (1984)
F. Fernández et al., J. Phys. G 19 (1993)

Spontaneous Chiral Symmetry Breaking
Pseudo-goldstone boson exchange
One gluon exchange
Confinement
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HQSS and HFS

Heavy Quark Spin Symmetry and Heavy Flavor Symmetry is fulfilled by the model

Charmed mesons Bottom mesons
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HQSS and HFS

Heavy Quark Spin Symmetry and Heavy Flavor Symmetry is fulfilled by the model

Charmed mesons Bottom mesons
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HQSS and HFS breaking

Charmonium Bottomonium

Two meson thresholds can generate deviations from HQSS and HFS expectations
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Deviations from HQSS and HFS

The 1++ channel does not bind without coupling to the c
c1

(2P)

We get an additional state, the X(3872), when we couple to the c
c1

(2P) 

and the c
c1

(2P) state appears as a candidate to the X(3940)

We don’t get a bound state for the 2++ channels. Differs from HQSS expectations
We don’t get the the 1++ bottom analog although is close to bind. Differs from HFS
We get a 2++ bottom analog. 
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The 3.9 GeV region

The X(3872) Belle 2003. LHCb determined to be a 1++ state in 2014
The Y(3940) Belle 2005. 

BaBar confirmed it in 2008 with a mass around 3914
Belle in 2010 reported a state with mass 3915 and possible 0++ or 2++ quantum numbers
the X(3915) that was relabeled c

c0
(2P)

Guo and Meissner, and Olsen challenged this assignment
                                Too large
Not seen on
Mass splitting with the 2++ too small

Zhou reanalyzed the data finding a 2+ assignment 
Relabeled as  X(3915)

The X(3930) Belle 2006. J=2 was assigned to be the c
c2

(2P) although lower in mass expected

in the naive quark model.
The X(3940) Belle 2007. JPC=??? not seen on        and seen on         . Suggests 1++ 
The X(3860) Belle 2017. 0++ favored 
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The 3.9 GeV region

Width of the first 0++ state with high uncertainty G.L. Yu et al. Arxiv: 1704.06763

Two possible scenarios:
X(3860) second 0++,  no Y(3940) and X(3915)/X(3930) with the 2++

X(3860) first 0++, Y(3940) second 0++ and X(3915)/X(3930) with the 2++

Hyperfine splitting differs
from naive quark model
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The 3.9 GeV region

Slight change of the parameters better agreement for the second hypothesis

Hyperfine splitting in distorted by the coupling with two meson channels Hyperfine splitting differs
from naive quark model
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The 3.9 GeV region

Test the X(3915)/X(3930) hypothesis:
Data for the X(3915) can be understand with the 2++ assignment (0++ would be too high)
Data for the X(3940) in agreement if we consider final DD states through DD*
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Some new resonances

LHCb measured the X(4140), X(4274), X(4500) and X(4700)
X(4140) measured previously by CDF, D0, CMS, Belle and BaBar
X(4140) and X(4274) are 1++

X(4500) and X(4700) are 0++

For the X(4140)
Multiquark models (Lebeled and Polosa) expected the X(4140) but the X(4274) expected as a 0-+

Molecular interpretation expected X(4140) as a 0++ or 2++                  molecule
Tetraquark models expected 0-+, 1-+ or 0++, 2++ states

For the X(4500) and X(4700)
A virtual state at 4.48 GeV is predicted by Wang et al.

Naive quark model also has states in this energy region
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The c
c1

(3P)

The c
c1

(3P) has a mass compatible 

with the X(4274)
The width is close to the experimental
Value. However other experiment found
evidences of the X(4274)

CDF 
CMS
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The c
c0

(4P)

The c
c0

(4P) has a mass and width
compatible with the X(4500)
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The c
c0

(5P)

The c
c0

(5P) has a mass and width
compatible with the X(4700)
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The X(4140)

The naive quark model does not have a 1++ state at 4140  Maybe a molecule?

0++
1++
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Conclusions

The naive quark model gives a good guidance to heavy meson spectroscopy

One meson and two meson channels should be coupled

HQSS and HFS expectations for molecules can change by nearby cc or bb 
states

Hyperfine splittings on naive quark model expectations can change by nearby 
two meson channels

Some states above threshold can be understood within the naive quark model with 
small influence of nearby thresholds.
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