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I have been using the constituent quark model for many years 
now as a tool for understanding the spectrum and properties of 
the low-lying mesons and baryons. For most of this time I have 
been painfully aware of the difficulty of understanding from first 
principles (i.e., from QCD) why such a model should work. I 
have nevertheless had faith that we would eventually be able to 
justify the use of this model simply because it is such a good 
representation of the physics.

At the same time, the picture I will propose to rationalize the 
success of the quark model (which is related to the old string 
model) leads inevitably to a model for states beyond the quark 
model: hybrids, glueballs, and multiquark states.

Nathan Isgur, b. 1947, d. 2001 

Friday, August 12, 2011



D.P. Weygand 2

GLUE88 : BNL 1988

I have been using the constituent quark model for many years 
now as a tool for understanding the spectrum and properties of 
the low-lying mesons and baryons. For most of this time I have 
been painfully aware of the difficulty of understanding from first 
principles (i.e., from QCD) why such a model should work. I 
have nevertheless had faith that we would eventually be able to 
justify the use of this model simply because it is such a good 
representation of the physics.

At the same time, the picture I will propose to rationalize the 
success of the quark model (which is related to the old string 
model) leads inevitably to a model for states beyond the quark 
model: hybrids, glueballs, and multiquark states.

Nathan Isgur, b. 1947, d. 2001 

Do exotic mesons exist in experiment?

Questions:

Do exotic mesons exist in theory?
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π! p ! π! π! π+ pE852 250000 events/1997
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COMPASS CERN-SPS fixed target

2004: 2 days, 190 GeV!- beam Pb target
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JPC = 1-+
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hadron2011
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COMPASS hadron2011
JPC=1-+

COMPASS 2008
! −p ! ! −! −! +p

0.1 GeV2 < t � < 1.0 GeV2
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E852 π! p ! η"π! p
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COMPASS
π! p ! η"π! p @190 GeV/c

hadron2011
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Partial Wave Analysis
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g6c: Major waves

Text

γp ! π+π+π−(n) 2.3 pb-1
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g6c: Major waves

Text

! ! 1 < 13.5 nb

(<2% of a2)
Nozar, et al 
Phys.Rev.Lett.
102:102002,2009. 
e-Print: arXiv:
0805.4438 [hep-ex]

γp ! π+π+π−(n) 2.3 pb-1
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g12 High Energy (> 4.4 GeV) Luminosity:27 pb-1 ~10 X g6c raw luminosity

! p→ " +" +" ! n Craig Bookwalter, FSU
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X(3872)

Discovered by Belle  (2003) 
S.-K. Choi et al. Belle Collaboration Phys. Rev. Lett. 91, 262001 (2003) 

B + ! J/ ψ π+π! K ±

Confirmed by BaBar, CDF, D0

X (3872) ! J/ ψ π+π!JPC = 1++ or 2-+ A. Abulencia et al. CDF Collaboration Phys. Rev. Lett. 98, 
132002 (2007)

X(3872) ! J/ψ ω
favors 2-+
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X(3872) at LHC Y. Gao at Hadron2011
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X(3872) J/$ " K+ J/$ "Ks

$' " K +
$' " K s

V. Bhardwaj, et al. 
arXiv:1105.0177v1  [hep-ex]
(2011)
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http://arxiv.org/find/hep-ex/1/au:+Bhardwaj_V/0/1/0/all/0/1
http://arxiv.org/find/hep-ex/1/au:+Bhardwaj_V/0/1/0/all/0/1
http://arxiv.org/abs/1105.0177v1
http://arxiv.org/abs/1105.0177v1
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Y(4260)
B. Aubert et al. BABAR Collaboration 
Phys. Rev. Lett. 95, 142001 (2005)

e+ e! ! J/ψπ+ π! γ J P C = 1−−
!! S-wave phase space
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Y(4260)
B. Aubert et al. BABAR Collaboration 
Phys. Rev. Lett. 95, 142001 (2005)

e+ e! ! J/ψπ+ π! γ J P C = 1−−
!! S-wave phase space

CLEO direct scan: 
T.E. Coan et al. PRL96,162003 (2006)
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Y(4260)

Charmonium gluonic hybrid
Lattice/NRQCD

Molecule/Bound State

Tetraquark

Hadrocharmonium
charmonium state embedded in light hadronic matter

S. Dubynskiy, M.B. Voloshin arXiv:0803.2224v2 [hep-ph]

Friday, August 12, 2011

http://arxiv.org/find/hep-ph/1/au:+Dubynskiy_S/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Dubynskiy_S/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Voloshin_M/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Voloshin_M/0/1/0/all/0/1
http://arxiv.org/abs/0803.2224v2
http://arxiv.org/abs/0803.2224v2
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Z+(4430)

Discovered by Belle in 2007 S.-K. Choi, S.L. Olsen et al. (Belle Collaboration), 
Phys. Rev. Lett. 100, 14200 (2008).

B ! K !" �

Z + (4430) ! π+ ψ!

Z+(4430)

R. Mizuk et al.,Phys. Rev.D 80, 031104(R) (2010)

B.Aubert et al., PRD 79, 112001 (2009)
Not seen by BaBar (413 fb-1), also in J/$ !+ Decay

Confirmed 2010
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Charmonium Radiative Decays
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Lattice QuantumChromodynamics
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Lattice QuantumChromodynamics

! 2(1670)

a1(1260)

a2(1320)

a4

Friday, August 12, 2011



D.P. Weygand DPF, August 2011 36

Friday, August 12, 2011



D.P. Weygand DPF, August 2011 36

Friday, August 12, 2011



D.P. Weygand DPF, August 2011 36

CLAS-12
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Thank you for inviting me to Providence   
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