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MOTIVATION I  Light Pentaquarks : Did we put a period at  ?

1987, M. Praszalowicz (Skyrme Model) presented the first estimate of the mass of     

1997, DPP (Chiral Soliton Model) showed the small decay width and the mass of   .  

2002, T. Nakano (LEPS collaboration) announced the first measurement of   

After 2002,  positive evidences  vs  negative evidences of experiments (2006~2008)
    From 2011, pentaquark section in PDG disappeared. 

 Various experimental data for Θ+ and N*
   ■ Mass of Θ+ :  1525 – 1565 MeV

   ■ Mass of N* :  1665 – 1695 MeV

  

New positive experiments (2005 - 2010)

For Θ+ 
   ■ DIANA (2010) :  M = 1538±2, = 0.39±0.10 MeV 
        (K+n → K0p, higher statistical significance : 6σ - 8σ)
  ■  Amaryan et al. (2012, CLAS data) : 
        a narrow peak structure at ∼1.54 GeV, ~6σ 

 For N*  

     ■ GRAAL (N* ) : M = 1685±0.012 MeV,
    confirmed by CBELSA/TAPS(2008-2011),  A2 (2013-2014)

𝑁∗

Θ+

Σ1̄0

Ξ3/2
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MOTIVATION II New narrow structures  and  

New narrow structure  from 
(GRAAL 2007, CBELSA/TAPS 2008, A2@MAMI 2013-2017)

CBELSA/TAPS 2008

GRAAL 2007

Strong suppression of photoexcitation of this resonance off proton
  ~  , consistent with the results from Chiral Soliton model

Acta Physica Polonica B39,1949(2008) based on GS Yang’s PhD diss.

GS Yang et al., PRD 71, 094023 (2005),     arXiv:1809.07489
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MOTIVATION New narrow nucleon structures

New narrow structure  from 
(A2@MaMiC 2015, GRAAL 2017)

New narrow structure  from 
(GRAAL 2007, CBELSA/TAPS 2008, A2@MaMiC 2013)

CBELSA/TAPS 2008 A2@MAMI 2015

A2@MAMI 2013

New narrow structures  and  
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? ?𝒀′� = 𝟏
?

Assuming  as the lightest member, 
               as the non-strange member of anti-decuplet baryons 
       and   as the non-strange member of eikosiheptaplet baryons, 
 the mass spectrum, radiative decays, strong decays are strictly investigated
 in the framework of chiral soliton model.     
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New narrow nucleon structuresChiral soliton model & Mean field approachTheoretical Framework

Large  arguments allows us to consider a classical pion mean field 
(Witten): Relativistic Mean Field Approximation   

𝑬

𝟎 very large  valence quarks

sea quarks 
(pion mean fields)

The presence  valence quarks creates the pion mean fields
and valence quarks are self-consistently bound by it in the large  limit.

One can put  to real-world value  at the end of the calculation. 

Fig: https://phys.org/news/2017-03-proton.html
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New narrow nucleon structuresChiral soliton model & Mean field approachTheoretical Framework

: Effective and relativistic low energy theory 

: Large  limit : meson fields  
  → Soliton (No quark degree of freedom) 

: Quantizing SU(3) meson fields rotated in flavor and spin space 
  → Collective Hamiltonian, model baryon states

Hedgehog Ansatz:

𝑈0  = [𝑒𝑖𝒏⋅𝝉 𝑃(𝑟) 0
0 1]

𝑁(940,1/2+)

𝑬 = 𝟎

u , d s

𝑲𝒑 = 𝟎+

𝑲𝒑 = 𝟏 /𝟐+

SU(2) Witten imbedding 

into SU(3):  SU(2) X U(1)
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New narrow nucleon structuresModel baryon stateTheoretical Framework

Model baryon state

Constraint for the collective quantization :

Mixings of baryon states SU(3) flavor symmetry breakings 

Collective wave functions are no more in pure states 
but are given as the linear combinations with higher representations.
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Mixing coefficients

New narrow nucleon structuresChiral soliton model & Mean field approachTheoretical Framework

 is very important for describing the effects of SU(3) flavor symmetry breaking.  

: moments of inertia 
   ~ Isospin transitions
: moments of inertia 
   ~ SU(3) flavor transitions
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New narrow nucleon structuresCollective HamiltonianTheoretical Framework

Octet (8) : J p = 1/2 + Decuplet (10) : J p = 3/2 +

Y
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New narrow nucleon structuresModel-Independent approachTheoretical Framework

Self-consistent approach

Baryons

[8]

dynamical model-parameters
(mass, decay,….)

Model-independent approach
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New narrow nucleon structuresExpressions of baryon massesMass

where

(ΔM)EM
(ΔM)H

where

[𝟖]

[𝟏𝟎]

[𝟏𝟎]

~ 𝟏 /𝑰𝟏

~ 𝟏 /𝑰𝟐

~ 𝜶,  𝜷, 𝜸

~ 𝜶,  𝜷, 𝜸

~ 𝜶,  𝜷, 𝜸
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New narrow nucleon structuresChiral soliton model & Mean field approach

𝟏 𝟐−𝟐 −𝟏 𝟎 𝑇3

𝑌

[ 𝟖 ] = 𝐷(1, 1)

𝟏

𝟐

−𝟏

−𝟐

𝟏 𝟐−𝟐 −𝟏 𝟎 𝑇3

𝑌

[ 𝟏𝟎 ] = 𝐷(3, 0)

𝟏

𝟐

−𝟏
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𝑌

[  ]
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𝟐
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𝜶,  𝜷, 𝜸 𝑰𝟏 𝑰𝟐
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Input

Input

Input

In order to obtain  and  values, 
we use the masses of  and  as inputs, respectively.

Mass
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New narrow nucleon structures mass  as a function of  mass

DIANALEPS

GRAAL,
SAID

MAMI

Within the framework of SM, 
 mass from LEPS (not from DIANA) is consistent with  mass. 

Mass

G.S.Yang et al., New Physics (Kor. Journal) 62, 243 (2012)
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New narrow nucleon structuresChiral soliton model & Mean field approach

Input

𝑵∗(𝟏𝟔𝟖𝟓)

Mass of new narrow structure  can be described by antidecuplet nucleon

Mass
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New narrow nucleon structuresMasses of Nucleon-like states in eikosiheptaplet

𝟏 𝟐−𝟐 𝟎 𝑇3

𝑌

−𝟏

𝟏

𝟐

−𝟏

−𝟐

[ 𝟐𝟕 ] = 𝐷(2,  2)

 ?

Without any free parameters,

Mass of new narrow structure  can be described by eikosiheptaplet nucleon

Mass

GS Yang, HCh Kim, arXiv:1809.07489

𝑌′� = 1

2𝐽 + 1 = 2
2𝐽 + 1 = 4

𝐽 = 1/2
𝐽 = 3/2
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Collective operators of axial-vector  
and magnetic moment  in a chiral soliton model

 values from hyperon semi-leptonic decays of Octet baryons

 values from magnetic moments of Octet baryons

In the very same way, 
widths of strong and radiative decays can be estimated. 

New narrow nucleon structuresModel parameters of axial-vector and magnetic momentsDecay Widths
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New narrow nucleon structuresMagnetic moments of decuplet baryonsRadiative Decay Widths

Magnetic moments for baryon decuplet (in units of μN)

mass splitting analysis

GS Yang et al., Phys. Rev. D 70, 114002 (2004)
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New narrow nucleon structuresTransition magnetic moments 

|μNΔ|~3.1
Exp. (PDG)

1.61±0.08

<0.82

Transition magnetic moments (in units of μN)

GS Yang et al., Phys. Rev. D 71, 094023 (2005)

Since the magnetic dipole transitions (M1) are experimentally dominant over the electric quadrupole 
transitions (E2) in hyperon radiative decays, one can neglect the E2 transitions.

Radiative Decay Widths
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New narrow nucleon structuresRadiative decay widths of  states

For , the neutron anomaly can be explained by this ratio.

 is more likely to be found 
in  photoproduction off the proton target

GS Yang, HCh Kim, arXiv:1809.07489

CBELSA/TAPS 2008

On the contrary,

Radiative Decay Widths
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New narrow nucleon structuresStrong decay widths of decuplet baryonsStrong decay widths

GS Yang, HCh Kim, Phys. Rev. C 92 035206 (2015) 
GS Yang, HCh Kim, Phys. Lett. B 785 434    (2018)

From hyperon semileptonic decays of octet baryons, values of  are determined.
Employing the generalized Goldberger-Treiman relation, meson-baryon coupling constants are obtained.
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New narrow nucleon structuresDecay width of  as a function of  mass

DIANA

LEPS DIANA

!

(total): with sym. br

(sym): w/o sym.br

DIANA 2010 (Θ+) :  Γ= 0.38±0.11 MeV

PDG 2007 (Θ+) :  Γ= 0.9±0.3   MeV

Strong decay widths

Within the framework of SM, 
 mass from LEPS is consistent with decay width from DIANA . 
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New narrow nucleon structuresWhy the decay width of  is extremely narrow ?Strong decay widths

χSM interpolates between the naive non-relativistic quark model and the Skyrme model.
M. Praszalowicz et al., Nucl.Phys A 647, 49 (1999)

In the limit of small soliton size ( → ),

         

The axial-vector operator for describing the strong decay widths of baryons

soliton size  → :
valence level joins continuum,
sea contribution vanishes

soliton size  → large:
valence level sinks into the sea,
valence contribution vanishes

naive non-relativistic 
quark model 

Skyrme modelχSM 

GS Yang, HCh Kim, M Praszalowicz, M Polyakov., Phys. Rev. D 96  094021 (2017)
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Why the decay width of  is extremely narrow ?Strong decay widths

ΓΘ𝑁𝐾 =  
→𝑝

3

2 𝜋 𝑓2
𝐾

𝑀𝑁

𝑀Θ

1
60 (𝑎1 + 𝑎2 +

1
2

𝑎3)
2

where   !  

In the limit of small soliton size ( → ),
         

Γ10→8+𝜑 ∼  (𝑎1 −
1
2

𝑎2)
2

where     

Strong decay widths of antidecuplet baryons should be very small !

Taking into account the large  limit and model structure in the small soliton limit,

strong decay widths of Heavy baryons can be estimated !
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New narrow nucleon structuresColor mean field  in Heavy baryons 

light baryons ()

Singly heavy baryons ()

Strong decay widths
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Theoretical Framework

𝑬 = 𝟎

u , d s

𝑲𝒑 = 𝟎+

𝑲𝒑 = 𝟏 /𝟐+

 

Mean meson field  valence quarks

where

Hamiltonian for Heavy baryons
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Yang et al., Phys. Rev. D 94 (2016) 071502  (RAPID COMM.)

Masses of Heavy baryons 
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=  [𝑴𝟑 −
𝟐𝒊𝑸𝟏𝟐

𝑰𝟏 ]𝐷(8)
𝑋3  + [−

𝟒𝑴𝟒𝟒

𝑰𝟐 ]𝑑𝑝𝑞3𝐷(8)
𝑋𝑝�̂�𝑞   + [−

𝟐𝑴𝟖𝟑

𝑰𝟏 ] 1

3
𝐷(8)

𝑋8�̂�3  +  ⋯

where

𝑵𝒄 − 𝟏

𝑀3,   val =
𝑵𝒄 − 𝟏 

𝑵𝒄

For heavy baryons

from octet baryons

Strong decay widths Color mean field  in Heavy baryons 
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Strong decay widths Decay widths of Charmed baryons

GS Yang, HCh Kim, M Praszalowicz, M Polyakov., Phys. Rev. D 96  094021 (2017)
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Strong decay widths Decay widths of Bottom baryons

GS Yang, HCh Kim, M Praszalowicz, M Polyakov., Phys. Rev. D 96  094021 (2017)
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Strong decay widths Decay widths of Heavy baryons

3050 𝑀𝑒𝑉

3119 𝑀𝑒𝑉

GS Yang, HCh Kim, M Praszalowicz, M Polyakov., Phys. Rev. D 96  094021 (2017)

2931 𝑀𝑒𝑉 3000 𝑀𝑒𝑉
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S U M M A R Y

• Assuming that the valence quarks are bound by the pion mean fields,
    we can regard the nucleon as a chiral soliton.

• The framework of this study are very successful for describing static properties 
    of decuplet baryons, such as mass, magnetic moment, transition magnetic 
    moments, widths of radiative and strong decays.  

• Due to the SU(3) structure, 
    we show that strong decay widths of antidecuplet baryons should be small.  
    Nucleon-like states of antidecuplet and eikosiheptaplet can be strong candidates 
    of new narrow nucleon states  and , respectively.

• Dynamical parameters and flavor quantum numbers of the collective 
   operators and wave functions are modified for  mean field.

• We have obtained excellent description of physical observables of heavy baryons  
    (Masses,  Widths of strong and radiative decays)

• It is shown that light quarks  govern their structure of singly heavy baryons.
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“Why 100? If I were wrong, 
one would have been enough. 
[ In response to the book 
"Hundred Authors Against Einstein"]”
from Stephen Hawking, 
       “A Brief History of Time” 


