
Quark Model  Review of Baryon Dynamics
E. Santopinto

INFN  Genoa, Italy
15th International Workshop on the Physics of Excited Nucleons

Seville, Spain, September 8, 2026



different CQMs for bayons

Kin. Energy SU(6) inv SU(6) viol date

Isgur-Karl non rel h.o. + shift OGE 1978-9

Capstick-Isgur rel string + coul-like OGE 1986

U(7)  B.I.L. rel M^2 vibr+L Guersey-R 1994

Hyp.   O(6) non rel/rel hyp.coul+linear OGE 1995

Glozman Riska non rel/relPlessas h.o./linear GBE 1996

Bonn rel linear 3-body instanton 2001

See also the nice talk by J.M. Richard !



Hyperspherical harmonics

Hasenfratz et al. 1980:      
 S V(ri,rj)   is approximately hypercentral 

g = 2n + lr + ll 

One can introduce the hyperspherical coordinates, which are obtained by
substituting ⌅ = |�⌅| and ⇥ = |�⇥| with the hyperradius, x, and the hyperangle,
⇤, defined respectively by

x =
⇥

�⌅2 + �⇥2 , ⇤ = arctg(
⌅

⇥
). (2)

Using these coordinates, the kinetic term in the three-body Schrödinger equation
can be rewritten as [?]
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where L2(⇥⌅,⇥⇥, ⇤) is the six-dimensional generalization of the squared angular
momentum operator. Its eigenfunctions are the well known hyperspherical har-
monics [?] Y[�]l⇥l�(⇥⌅,⇥⇥, ⇤) having eigenvalues �(� + 4), with � = 2n + l⌅ + l⇥
(n is a non negative integer); they can be expressed as products of standard
spherical harmonics and Jacobi polynomials.

In the hypercentral Constituent Quark Model (hCQM) [1], the quark inter-
action is assumed to depend on the hyperradius x only V = V3q(x). It has been
observed many years ago that a two-body quark-quark potential leads to matrix
elements in the baryon space quite similar to those of a hypercentral potential
[?]. On the other hand, a two body potential, treated in the hypercentral ap-
proximation [12], that is averaged over angles and hyperangle, is transformed
into a potential which depends on x only; in particular, a power-like two-body
potential

�
i<j (rij)n in the hypercentral approximation is given by a term pro-

portional to xn. The hypercentral approximation has been shown to be valid,
since it provides a good description of baryon dynamics, specially for the lower
states [12].

The hyperradius x is a function of the coordinates of all the three quarks
and then V3q(x) has also a three-body character. There are many reasons sup-
porting the idea of considering three-body interactions. First of all, three-body
mechanisms are certainly generated by the fundamental multi-gluon vertices
predicted by QCD, their explicit treatment is however not possible with the
present theoretical approaches and the presence of three-body mechanisms in
quark dynamics can be simply viewed as ”QCD-inspired”. Furthermore, flux
tube models, which have been proposed as a QCD-based description of quark in-
teractions [], lead to Y-shaped three-quark configurations, besides the standard
��like two-body ones. A three-body confinement potential has been shown to
arise also if the quark dynamics is treated within a bag model [?]. Finally, it
should be reminded that threee-body forces have been considered also in the
calculations by ref. [?] and in the relativized version of the Isgur-Karl model
[7].

For a hypercentral potential the three-quark wave function is factorized

⇧3q(�⌅,�⇥) = ⇧⇤�(x) Y[�]l⇥l�(⇥⌅,⇥⇥, ⇤) (4)
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hyperradius

hyperangle



Hypercentral Model 

V(x) = -t/x + a x

Hypercentral approximation of

Giannini, Santopinto, Tiator, Phys. Lett. B, 1995



Two analytical solutions

hyperCoulomb - t/x

h. o.  Si<j 1/2 k (ri - rj)2 = 3/2  k x2
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Algebraic approach to the hypercoulomb problem
Santopinto, E; Giannini, M, Iachello, F,
SYMMETRIES IN SCIENCE VIII, 445(1995)
Exactly solvable models of baryon spectroscopy
Santopinto, E; Iachello, F, Giannini, MM,
NUCLEAR PHYSICS A 623,100(1997)

https://www.webofscience.com/wos/woscc/full-record/WOS:A1995BE44P00032
https://www.webofscience.com/wos/author/record/30061721
https://www.webofscience.com/wos/author/record/3467984
https://www.webofscience.com/wos/author/record/65245
https://www.webofscience.com/wos/woscc/full-record/WOS:A1997YC27700010
https://www.webofscience.com/wos/author/record/30061721
https://www.webofscience.com/wos/author/record/65245
https://www.webofscience.com/wos/author/record/422574


Examples of exactly|algebraic solvable models for baryon 
spectroscopy

Exactly solvable models of baryon spectroscopy, 
Santopinto, Iachello Giannini, Nucl. Phys.A 623,100(1997)An O(7) algebraic model

Or  one can use a linear confinement of the form 

treated  in perturbation theory

that observation gave origin to a completely analyical version of the hypercentral 
model in  E. Santopinto, F.  Iachello, M. Giannini,  Eur. Phys. J. A 1, 307 (1998)  



Comparison

• H.O.
• W.fs   e-ar2

• F.F.   e-ar2

• Transition form factor :

• Polinomial ×e-ar2

• Hypercoulomb.
• W.fs   Polinomial e-br

• F.F.   :1/(1+Q2  
/b^2)7/2

• Transition f.f.: 
   Polinomial transition f.f.
    1 /(1+Q2 /b^2)(7+n)/2

F Iachello, E Santopinto,  J. Phys. A: Math. Gen. 31 (1998) 9041–9054
Algebraic treatment of the hyper-Coulomb problem



x =  r2 + l2

hyperradius



Giannini,Santopinto 2005,  Eur.Phys.J.A 25 (2005) 241-247

Hypercentral Model predictions for the Octect, Singlet and PDG 2022 results 



Hypercentral Model predictions for the Decuplet  and PDG 2022 results 





Bijker, Garcia-Tecocoatzi, Santopinto, PRD 94, 0704040 (2016)



N(1895)1/2- , ****
N(1880)1/2+ , ***
N(1900)3/2+ , ****

N(1860)5/2+ , **

N(1990)7/2+ , **

N(2060)5/2- , ***

N(1895)1/2- , ****

N(1900)3/2+ , ****

N(1880)1/2+ , ***

N(1860)5/2+ , **

N(1990)7/2+ , **

N(2060)5/2- , ***

Bijker, Garcia-Tecocoatzi, Santopinto, PRD 94, 0704040 (2016)



Bijker, Garcia-Tecocoatzi, Santopinto, PRD 94, 0704040 (2016)



(1900)1/2- , ***

(1940)3/2- , **

(1900)1/2- , ***

(1940)3/2- , **

Bijker, Garcia-Tecocoatzi, Santopinto, PRD 94, 0704040 (2016)

(2000)5/2+ , **

(2000)5/2+ , **





Bijker, Garcia-Tecocoatzi, 
Santopinto, PRD 94, 
0704040 (2016)





(1950) ***

(1950) ***

Bijker, Garcia-Tecocoatzi, 
Santopinto, PRD 94, 
0704040 (2016)



(2030) 5/2 
***

Bijker, Garcia-Tecocoatzi, 
Santopinto, PRD 94, 
0704040 (2016)



(2380)?, **

(2470)?, **

Ω

Ω

Ω

(2250)?, ***

(2250)?, ***

Ω

Bijker, Garcia-Tecocoatzi, 
Santopinto, PRD 94, 
0704040 (2016)



Bijker, Garcia-Tecocoatzi, 
Santopinto, PRD 94, 
0704040 (2016)



PDG2022

Bijker, Garcia-Tecocoatzi, 
Santopinto, PRD 94, 
0704040 (2016)

Singlet L*



HELICITY  AMPLITUDES

Extracted from electroproduction of mesons

N N

g π
N*

A1/2 A3/2 S1/2 

results for the negative parity resonances at Q^2 =0:   
M. Aiello, M.G., E. Santopinto J. Phys. G24, 753 (1998)

Systematic predictions for transverse and longitudinal amplitudes as a function of Q^2
E. Santopinto et al. , Phys. Rev. C86, 065202 (2012)

Proton and neutron electro-excitation to 14 resonances



The photocouplings



10-3 GeV-1/2

M. Aiello et al., Phys. Lett. B387, 215 (1996)
 E. Santopinto, M.Giannini, Phys. Rev. C86, 065202 (2012)



10-3 GeV-1/2

M. Aiello et al., Phys. Lett. B387, 215 (1996)
 E. Santopinto, M.Giannini, Phys. Rev. C86, 065202 (2012)



10-3 GeV-1/2

M. Aiello et al., Phys. Lett. B387, 215 (1996)
 E. Santopinto, M.G., Phys. Rev. C86, 065202 (2012)



Q2 dependence
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N(1520) 3/2- transition amplitudes

M. Aiello et al., 
Phys. Lett. B387, 
215 (1996)
E. Santopinto, M.G.
Phys. Rev. C86, 
065202 (2012)
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There is missing strength at low Q^2 

The reason is attributed to the lack of

Quark-antiquark pair mechanisms

not present in a three-quark model

E. Santopinto, Ph. D. Thesis (Genova 1996).
M. Aiello et al., Phys. Lett. B387, 215 (1996)



L. Tiatot et al., Eur. Phys. J. A19, 55 (2004). 

solid: MAID
dotted: dynamical model
dashed: hCQM predictions

Necessity of unquenching the quark model



Unquenched Quark Model for Baryons  (Formalism)

Three-quark configuration B/C = intermediate baryon/meson

Pair-creation operator:             
L=S=1, J=0, color singlet, flavor singlet

R. Bijker, E. Santopinto,  Phys.Rev.C80:065210, 2009

It is a couple channel model, in the language of the quark model



Heavy Baryons







The Experimental Evolution of Singly Charmed Baryons



PRD 107, 034031 (2023)



E. Santopinto et al., EPJC 79(12), 1012 (2019)

(SU(3)

Algebraic Model  for Heavy Baryons

It gives origin/ it is equivalent to a mass formula



LHCb results  in MeV:

Widthth

6313
           6317
           6325
           6338

Massth.  



H. García-Tecocoatzi, A. Giachino, J. Li, A. Ramirez-Morales,E. Santopinto, PRD 107, 034031 (2023)

Singly Charmed Baryon Spectrum

The sextect









the anti-triplet 

R. Gamboa-Goni, et al.,  PRD 114, 036020 (2026)





(SU(3)

bases on the algebraic  model introduced in E. Santopinto et al., EPJC 79(12), 1012 (2019)



H. García-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A.Rivero-Acosta, E. Santopinto, C. A. Vaquera-
Araujo, Phys. Rev. D 110, 114005 (2024)



H. García-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A.Rivero-Acosta, E. Santopinto, C. A. Vaquera-
Araujo, Phys. Rev. D 110, 114005 (2024)



H. García-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A.Rivero-Acosta, E. Santopinto, C. A. Vaquera-
Araujo, Phys. Rev. D 110, 114005  ( 2024)



H. García-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A.Rivero-Acosta, E. Santopinto, C. A. Vaquera-
Araujo, Phys. Rev. D 110, 114005  ( 2024)



We introduced a new  method to calculate the convective term in 
H. García-Tecocoatzi ,A. Ramirez-Morales,A. Rivero-Acosta, E. Santopinto, C.A. Vaquera-Araujo, Phys. 

Lett. B 868 (2025) 139666, without replacing 𝐩j ⁄𝑚𝑗 with 𝑖k𝐫𝑗 (Close-Copley replacement) 
as done previously



see also 
R. Gamboa-Goni,  H. García-Tecocoatzi, Ailier Rivero-Acosta, A. Gutierrez-Rodriguez, A. 
Ramirez-Morales, Santopinto,Carlos Alberto Vaquera-Araujo, PRD 114, 036020 (2026)



A. Dávila-Rivera, H. García-Tecocoatzi, A. Ramirez-Morales,  Ailier Rivero-Acosta, E. Santopinto, Carlos Alberto 

Vaquera-Araujo, D 113, 093001 (2026)





Thanks for your 
attention!



Non strange spectrum

Capstick and Isgur, Phys. Rev. D34, 2809. Bijker, Iachello, Leviatan, Ann. Phys. 
236, 69 (1994)

.

Giannini, Santopinto, Vassallo,  Eur. Phys. J .A12:447

Capstick & Isgur’s Model U(7) Algebraic Model

Hypercentral CQM

Glozman & Riska, Phys. Rept. 268, 263 (1996)

GB Model
V(x) = - t/x + a x 



SU(6) configurations for three quark states

6 X 6 X 6 = 20 + 70 + 70 + 56
                    A      M    M      S

Notation
(d, Lπ)

d = dim of SU(6) irrep
L = total orbital angular momentum
π = parity



Carlson et al, 1983
Capstick-Isgur 1986
hCQM 1995



PDG          4*  &  3*
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D(1232) 3/2+ transition amplitudes

E. Santopinto, M.G.
Phys. Rev. C86, 
065202 (2012)



64

D33(1700)

A 3/2

A 1/2

E. Santopinto, M.Giannini,Phys. Rev. C86, 065202 (2012)



Proton Flavor asymmetry 
Santopinto, Bijker, PRC 82,062202(R) (2010)





H. García-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A.Rivero-Acosta, E. Santopinto, C. A. Vaquera-
Araujo, Phys. Rev. D 110, 114005 (2024)



H. García-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A.Rivero-Acosta, E. Santopinto, C. A. Vaquera-
Araujo, Phys. Rev. D 110, 114005 (2024)



A. Dávila-Rivera, H. García-Tecocoatzi, A. Ramirez-Morales,  Ailier Rivero-Acosta, E. Santopinto, Carlos Alberto 

Vaquera-Araujo, D 113, 093001 (2026)


