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Soliton models are quark models 

chiral symmetry breaking 
chirally inv. manyquark int. 
soliton configuration 
no quantum numbers except B 

rotation generates flavor and spin 

Soliton Models: 



Collective quantiztion → symmetric top 

There is no kinetic term 
for 8-th angular velocity 
→ conjugated momentum 
     is constant and produces 
     constraint:  
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Mass formula 
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first order perturbation  
in the strange quark mass 
and in Nc: 

octet-decuplet 
splitting 

 exotic-nonexotic splittings known              ? 

O(1) corrections 
to Mcl do not allow 
for absolute mass predictions 

Mcl ~ Nc × Mconst   
expected accuracy:  



Wave functions and allowed states 
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Successful Phenomenology 
In a ”model independent” approach 
one can get both good fits to the existing data 
(including very narrow light pentaquark Θ+)  
one can fix all necessary model parameters: 
M, I1, I2, α, β, γ 
 



A comment on light pentaquarks 







Successful Phenomenology 
In a ”model independent” approach 
one can get both good fits to the existing data 
(including very narrow light pentaquark Θ+)  
one can fix all necessary model parameters: 
M, I1, I2, α, β, γ 
 
but also one can recover the NRQM result  
in a special limit 

NRQM limit =  
= squeezing the soliton to zero size 
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NRQM Limit 

energy is calculated  
with respect to the vacuum: 

in the NRQM limit only valence level contributes 

Diakonov, Petrov, Polyakov,  Z.Phys A359 (97) 305 

MP, A.Blotz K.Goeke, Phys.Lett.B354:415-422,1995  

pentaquark width = 0 ! 



Pentanucleon? 
D. Werthmuller et al. [A2 Collaboration]  
Phys. Rev. Lett. 111 (2013) 23, 232001 
Eur. Phys. J. A 49 (2013) 154 
Phys. Rev. Rev. C 90 (2014) 015205 
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Pentanucleon? 
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M.V. Polyakov and A. Rathke, 
On photoexcitation of baryon anti-decuplet 

Eur. Phys. J. A 18 (2003) 691 

natural (but not the only one) explanation if N* is a pentaquark 





Soliton with Nc− 1 quarks 

     color factorizes! 

= (Nc−1) × 

if Nc is large, Nc- 1 is also large and one 
can use the same mean field arguments  



Allowed SU(3) irreps.  

= (Nc−1)/3 



Heavy Baryons: soliton + heavy Q 



Splittings inside multiplets 

= SL 

one has to add  
h.f. interaction 
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Equal	splittings	within	
multiplets	follow	from	
Eckhart-Wigner	theorem	
(GMO	relations)	

however	the	
relation between 
the deltas does not 
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Splittings inside multiplets 

from	the	>its		
to	the	light	
sector	we	get:	

(exp.: 121 MeV) 
(exp.: 178 MeV)  

13% 

1% 

ms cancels out 



Splittings between multiplets 

Δ ~ 
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Prediction for Ω*
b 

model – independent relation: 
 
 
 
 
 
satisfied for charm: 

Ω*
c = 2764.5 ± 3.1 MeV (2765.9 ± 2.0) 

Ω*
b = 6079.8 ± 2.3 MeV 

compatible with Karliner and Rosner: 
          6082.8 ± 5.6 MeV     Annals Phys. 324 (2009) 2-15 
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heavy tetraquark  
= soliton + spin 1 di(anty)quark in color 3 



Doubly heavy tetraquarks 

(S =1)                   (S = 0, 1, 2) 

preliminary 
studies show that such states maybe 
stable against strong decays 



Further developements: 
heavy pentaquarks 
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Further developements: 
heavy pentaquarks 

soliton in 15 (quatroquark) 
+ heavy quark: 2 × 1/2 + 3/2    



 



 


