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pedagogical summary (book)

Novel treatment of multiquark hadrons (S and P-wave pentaquarks, hexaquarks) 
construction of explicit wave functions with Fermi statistics 

via representation of Sn permutation group, 
both at rest and on the ligh cone 

Large project with Ismail Zahed, 
from quark spectroscopy =>  

 light-cone wave functions => 
partonic observables 

abut 25 papers in PRD 
cannot even enumerate here

pentaquark monoms 
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instanton-induced interactions 

scalar glueball is even smaller in size than the pion, 
predicted radius 0.2 fm now confirmed on the lattice

in this paper we discuss ``other states”,  
compare ``constituent gluon model” with instanton -based confinement 

to lattice spectroscopy, and develop on-light-cone wave functions

the main important conclusion:   
effective mass of ``constituent gluon” 
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Mg ⇡ 900MeV



hybrids  and charmonia  
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c̄cg
the Born- Oppenheimer approximation 

N.Brambila et al:

the lowest exotic hybrids are projected to be 
1−− ψ(4360), ψ(4390), 1−+ X(4630).

why hybrids are heavier than teraquarks (ccqq)?  
because gluon is heavy  

900 MeV > 2M_q=700 MeV

 tetraquarks 1−− ψ(4230), ψ(4360), 
1++ χc1(3872), 

0++ χc0(3915), 0−+ χc0(3940), 0− Tcc0(4240),

similar potentials,  
similar wave functions

light cone forward wave functions 
and gluon PDFs calculated
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Ground-state wave function of the ccg hybrid  
at ρ = 0 as a function of λ. 

 The solid line corresponds to the full Hamiltonian 
including the effective potential (66),  

while the dashed line shows the result without it.



hybrids  and nucleon 
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confining potential

the gluon is now not the lightest but in fact the heaviest 
 Mq = 350 MeV while Mg = 900 MeV.  

The gluon mass is therefore comparable to the combined mass of the three quarks.  
It is then natural that the gluon will mostly be at the center of the bound state.

should be compared to nucleon gluon PDF 
at high resolution 

yet DGLAP needs to be modified…



Main idea: DGLAP was derived for PDFs 
they are density matrices, not fundamental 

one would need ``evolution” for wave functions 
which mean nucleon-hybrid mixing 

(in general, including higher  
Fock states in the WFs)



SUMMARY

Spectroscopy of glueball states can be successfully done with simple additive model * 
with appropriate confining potentials and Mg=900 MeV

Except few states (such as O^++ scalar) which have very strong attraction  
and need relativistic treatment 

Two types of hybrids: ccg and qqqg considered in detail, 
including    their light cone wave functions 

from which PDFs for quarks and gluons calculated




