
The	  missing	  resonance	  problem	  	  	  	  
	  

E.	  Santopinto	  
INFN	  	  

KL2016,	  1-‐3	  february	  2016	  



Baryon Spectrum

“Missing resonance problem”
• What are collective modes?
• What is the structure of the states?
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Edwards, Dudek, 
Wallace & Richards 

Experiment 
 

m   = 396 MeV π"

Experiment	  Dudek	  et	  al.	  

N*	  SPECTRUM	  Baryon Spectrum

“Missing resonance problem”
• What are collective modes?
• What is the structure of the states?

2

PDG uncertainty on 
B-W mass

Nucleon spectrum



hypercentral	  ConsNtuent	  Quark	  Model	  	  	  

CIPANP 2012 - St. Petersburg, June 3rd 2012                             Annalisa D'Angelo - Review of QCD, Hadron spectroscopy and exotics sessions 11 

A. Sandorfi 



 
 

Non-strange baryons. Complete spectrum	


FerreO,	  S.,	  Vassallo	  ,Phys.	  Rev..	  C83,	  065204	  (2011)	  
E.S.,Phys.	  Rev.	  C	  72,	  	  022201(R)	  (2005).	  

	  0	  missing	  resonances	  

Caps(ck	  and	  Isgur,	  Phys.	  Rev.	  D34,	  2809.	  
8	  missing	  resonances	  

Bijker,	  Iachello	  and	  Leviatan,	  Annals	  Phys.	  236,	  69.	  
18	  missing	  resonances	  

Giannini,	  Santopinto,	  Vassallo,	  	  Eur.	  Phys.	  J	  .A12:447	  
9	  missing	  resonances	  

Interac(ng	  	  qD	  Model	   Caps(ck	  &	  Isgur’s	  Model	  

U(7)	  Algebraic	  Model	   Hypercentral	  CQM	  



The	  InteracNng	  Quark	  Diquark	  Model	  	  
	  



Missing	  resonance	  problem	  
!  States predicted by quark models with no   
    corresponding experimental counterparts 
!  QMs predict eccessive number of states 
!  Possible explanations: 
      1) Some baryon states may be very weakly coupled to  
           single-pion channels. Look for two-pion, three-pion,  
           eta decay channels … 
      2) Consider models based on smaller number of  
           effective degrees of freedom (like quark-diquark  
           model): number of missing states decreases notably 
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Evidences	  of	  diquark	  correlaNons	  

7	  

• Regge behavior of hadrons 
Baryons arranged in rotational Regge trajectories (J=α+α’M2) with the same 
slope of the mesonic ones. 
  ∆        I I = ½ rule in weak nonleptonic decays 

Neubert and Stech, Phys. Lett. B 231 (1989) 477; Phys. Rev. D 44 (1991) 775 
Regularities in parton distribution functions and in spin- 
dependent structure functions 
Close and Thomas, Phys. Lett. B 212 (1988) 227 
Regularities in Λ(1116) and Λ(1520) fragmentation functions 

Jaffe, Phys. Rept. 409 (2005) 1 [Nucl. Phys. Proc. Suppl. 142 (2005) 343] 
Wilczek, hep-ph/0409168 
Any interaction that binds π and ρ mesons in the rainbow-ladder 

approximation of the DSE will produce diquarks 
Cahill, Roberts and Praschifka, Phys. Rev. D 36 (1987) 2804 
Indications of diquark confinement 

Bender, Roberts and Von Smekal, Phys. Lett. B 380 (1996) 7 

• 

• 

• 

• 

• 



§ 	  Diquark	  
• 	  Two	  correlated	  quarks	  in	  S	  wave:symm.	  
	  
• Baryon	  in	  1c	  color	  representazion	  à	  diquark	  in	  bar-‐3c	  	  	  	  	  (A)	  

• 	  	  Diquark	  WF:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ΨD	  spin-‐flavor	  part	  symm.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  à	  15	  (A)	  repr.	  not	  present	  

• 	  SU(6)sf	  representa(ons	  for	  baryons	  

	  
	  
	  
	  

• 	  Problem	  of	  missing	  resonances	  

Interac(ng	  qD	  model	  	  
E.	  Santopinto,	  PRC72,	  022201	  (2005)	  
I	  part:Construc(on	  of	  the	  states	  



§ 	  21	  SU(6)sf	  representa(on	  
§ 	  Decomposed	  in	  SU(2)s	  x	  SU(3)f	  
§ 	  [bar-‐3,0]	  &	  [6,1]	  representa(ons.	  Nota(on:	  [flavor,spin]	  

• 	  “Good”	  &	  “bad”	  diquarks	  

• 	  According	  to	  OGE-‐calcula(ons,	  [bar-‐3,0]	  is	  energe(cally	  favored	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [Wilczek,	  Jaffe]	  
• 	  [bar	  3,0]:	  good	  (scalar)	  diquark	  
• 	  [6,1]:	  bad	  (axial-‐vector)	  diquark	  

Scalar	  &	  axial-‐vector	  diquarks	  



§ 	  Hamiltonian	  

	  
§ 	  Non-‐rel.	  Kine(c	  energy	  +	  Coulomb	  +	  linear	  confining	  terms	  
§ 	  Splikng	  between	  scalar	  &	  axial-‐vector	  diquarks	  
§ 	  Exchange	  poten(al	  
§ 	  	  

	  the	  Interac(ng	  qD	  model	  
E.	  Santopinto,	  PRC72,	  022201	  (2005)	  
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Baryon L2I,2J Status Mass Jp Mcal

(MeV) (MeV)

N(939)P11 **** 939 1/2+ 940
N(1440)P11 **** 1410-1450 1/2+ 1538
N(1520)D13 **** 1510-1520 3/2− 1543
N(1535)S11 **** 1525-1545 1/2− 1538
N(1650)S11 **** 1645-1670 1/2− 1673
N(1675)D15 **** 1670-1680 5/2− 1673
N(1680)F15 **** 1680-1690 5/2+ 1675
N(1700)D13 *** 1650-1750 3/2− 1673
N(1710)P11 *** 1680-1740 1/2+ 1640
N(1720)P13 **** 1700-1750 3/2+ 1675
N(1860)F15 ** 1820-1960 5/2+ 1975
N(1875)D13 *** 1820-1920 3/2− 1838
N(1880)P11 ** 1835-1905 1/2+ 1838
N(1895)S11 ** 1880-1910 1/2− 1838
N(1900)P13 *** 1875-1935 3/2+ 1967
N(1990)F17 ** 1995-2125 7/2+ 2015
N(2000)F15 ** 1950-2150 5/2+ 2015
N(2040)P13 * 2031-2065 3/2+ 2015
N(2060)D15 ** 2045-2075 5/2− 2078
N(2100)P11 ** 2050-2200 1/2+ 2015
N(2120)D13 ** 2090-2210 3/2− 2069

TABLE I: Mass spectrum of N-type resonances (up to 2.1 GeV) in the interacting quark diquark model [10]. The value of the
parameters are those obtained and reported in Ref.[10] based on the fit of the 3 and 4 star resonances known at the time. The
table reports also the prediction for the remaining resonances, including the recent upgraded 3* P13(1900). The experimental
values are taken from Ref. [50].

To complete the evaluation, we need the matrix elements of the exponential. These can be obtained in analytic form

In,l(α) =

∫ ∞

0
e−α r [Rn,l(r)]

2r2dr . (6)

The results are straightforward. Here, by way of example, we quote the result for l = n− 1

In,l=n−1(α) = (
1

1 + n α
2τ m

)2n+1 . (7)

Our results are in present in Tables I and II.

III. THE RELATIVISTIC INTERACTING QUARK DIQUARK MODEL

The exstention of the Interacting quark diquark model [10] in Point Form can be easily done [16, 18]. This is a
potential model, constructed within the point form formalism [49], where baryon resonances are described as two-body
quark-diquark bound states; thus, the relative motion between the two constituents and the Hamiltonian of the model
are functions of the relative coordinate "r and its conjugate momentum "q. The Hamiltonian contains just as in the
2005 paper [10], the two basic ingredients: a Coulomb-like plus linear confining interaction and an exchange one,
depending on the spin and isospin of the quark and the diquark. The mass operator is given by

M = E0 +
√

"q 2 +m2
1 +

√

"q 2 +m2
2 +Mdir(r) +Mex(r) , (8)

where E0 is a constant, Mdir(r) and Mex(r) the direct and the exchange diquark-quark interaction, respectively, m1

and m2 stand for diquark and quark masses. The direct term we consider,

Mdir(r) = −
τ

r

(

1− e−µr
)

+ βr , (9)



	  
§ 	  Rela(vis(c	  extension	  of	  the	  previous	  model	  (point-‐form	  formalism).	  
	  

§ 	  Numerical	  solu(on	  with	  varia(onal	  program	  
§ 	  Parameters	  filed	  to	  nonstrange	  baryon	  spectrum	  

Rel.	  Interac(ng	  qD	  model	  
J.	  Ferrek,	  	  E.	  Santopinto	  &	  A.	  Vassallo,	  PRC83,	  065204	  (2011)	  



Extension	  to	  strange	  baryons	  

•  	  Mass	  formula	  

•  	  Exchange	  potenNal	  is	  generalized	  to	  	  	  
	  	  	  	  Gürsey-‐RadicaN	  inspired	  interacNon	  
	  
	  	  	  	  	  	   λ‘s	  are	  SU(3)	  Gell-‐Mann	  matrices	  

•  	  Results	  updated	  to	  most	  recent	  exp.	  data.	  	  	  	  
	  	  	  	  Global	  fit	  to	  strange	  &	  nonstrange	  baryons	  	  
	  
	  

13	  

SANTOPINTO	  AND	  FERRETTI,	  PRC92,	  025202	  (2015)	  

M = E0 + q2 +m1
2 + q2 +m2

2 +Mdir +Mex +Mcont

Mex = (−1)
L+1e−σ r[As

!s1 ⋅
!s2 + AI

!
t1 ⋅
!
t2 + AF

!
λ1 ⋅
!
λ2 ]



§ 	  Parameters	  
	  



N	  spectrum	  and	  N(1900)P13	  

15	  

SANTOPINTO	  AND	  FERRETTI,	  PRC92,	  025202	  (2015)	  

3	  missing	  states	  



Σ,	  Σ*,	  Ξ,	  Ξ*	  and	  Ω	  spectrum	  

	  
	  
	  	  	  	  
	  
 	  

16	  
SANTOPINTO	  AND	  FERRETTI,	  PRC92,	  025202	  (2015)	  

***	  and	  ****	  PDG	  states	  below	  2	  GeV	  



Λ	  and	  Λ*	  spectrum	  

17	  

Λ*(1405)	  

SANTOPINTO	  AND	  FERRETTI,	  PRC92,	  025202	  (2015)	  

***	  and	  ****	  PDG	  states	  below	  2	  GeV	  



N	  spectrum	  and	  N(1900)P13	  

18	  

SANTOPINTO	  AND	  FERRETTI,	  PRC92,	  025202	  (2015)	  

3	  missing	  states	  



Δ	  spectrum	  

19	  

No	  missing	  states	  below	  2	  GeV	  
Delta(1930)	  3/2-‐	  	  	  	  well	  described,	  on	  the	  contrary	  it	  is	  a	  
problem	  in	  3quark	  models	  since	  it	  corresponds	  to	  higher	  shells	  



Σ	  and	  Σ*	  spectrum	  

20	  

1	  missing	  state	  



Ξ,	  Ξ*	  and	  Ω	  spectrum	  

21	  

5	  missing	  states	  



Λ	  and	  Λ*	  spectrum	  

22	  SANTOPINTO	  AND	  FERRETTI,	  PRC92,	  025202	  (2015)	  

13	  missing	  states	  



5

Resonance Status Mexp. JP LP S s1 Q2q F F1 I t1 nr Mcalc. (Fit 1)
(MeV) (MeV)

Σ(1193) P11 **** 1189 - 1197 1
2

+
0+ 1

2 0 [n, s]n 8 3̄ 1 1
2 0 1134

Σ(1660) P11 *** 1630 - 1690 1
2

+
0+ 1

2 1 {n, s}n 8 6 1 1
2 0 1734

Σ(1670) D13 **** 1665 - 1685 3
2

−
1− 1

2 0 [n, s]n 8 3̄ 1 1
2 0 1800

Σ(1750) S11 *** 1730 - 1800 1
2

−
1− 1

2 0 [n, s]n 8 3̄ 1 1
2 0 1800

Σ(1770) P11 * ≈ 1770 1
2

+
0+ 1

2 0 [n, s]n 8 3̄ 1 1
2 1 1739

Σ(1775) D15 **** 1770 - 1780 5
2

−
1− 3

2 1 {n, s}n 8 6 1 1
2 0 2030

missing – – 1
2

−
1− 1

2 1 {n, n}s 8 6 1 1 0 1872

missing – – 3
2

−
1− 1

2 1 {n, n}s 8 6 1 1 0 1872

Σ(1880) P11 ** ≈ 1880 1
2

+
0+ 1

2 1 {n, n}s 8 6 1 1 0 1751

Σ(1915) F15 **** 1900 - 1935 5
2

+
2+ 1

2 0 [n, s]n 8 3̄ 1 1
2 0 2041

Σ(1940) D13 *** 1900 - 1950 3
2

−
1− 1

2 1 {n, s}n 8 6 1 1
2 0 1916

Σ(2000) S11 * ≈ 2000 1
2

−
1− 1

2 1 {n, s}n 8 6 1 1
2 0 1916

Ξ(1318) P11 **** 1315 - 1322 1
2

+
0+ 1

2 0 [n, s]s 8 3̄ 1
2

1
2 0 1343

Ξ(1820) D13 *** 1818 - 1828 3
2

−
1− 1

2 0 [n, s]s 8 3̄ 1
2

1
2 0 2002

missing – – 1
2

+
0+ 1

2 1 {n, s}s 8 6 1
2

1
2 0 1965

missing – – 1
2

+
0+ 1

2 0 [n, s]s 8 3̄ 1
2

1
2 1 1978

Λ(1116) P01 **** 1116 1
2

+
0+ 1

2 0 [n, n]s 8 3̄ 0 0 0 1128

Λ(1600) P01 *** 1560 - 1700 1
2

+
0+ 1

2 0 [n, s]n 8 3̄ 0 1
2 0 1256

missing – – 3
2

+
0+ 3

2 1 {n, s}n 8 6 0 1
2 0 1613

Λ(1670) S01 **** 1660 - 1680 1
2

−
1− 1

2 0 [n, n]s 8 3̄ 0 0 0 1756

Λ(1690) D03 **** 1685 - 1695 3
2

−
1− 1

2 0 [n, n]s 8 3̄ 0 0 0 1756

missing – – 1
2

+
0+ 1

2 0 [n, n]s 8 3̄ 0 0 1 1738

missing – – 1
2

−
1− 1

2 0 [n, s]n 8 3̄ 0 1
2 0 1758

missing – – 3
2

−
1− 1

2 0 [n, s]n 8 3̄ 0 1
2 0 1758

Λ(1800) S01 *** 1720 - 1850 1
2

−
1− 3

2 1 {n, s}n 8 6 0 1
2 0 1853

Λ(1810) P01 *** 1750 - 1850 1
2

+
0+ 1

2 0 [n, s]n 8 3̄ 0 1
2 1 1794

Λ(1820) F05 **** 1815 - 1825 5
2

+
2+ 1

2 0 [n, n]s 8 3̄ 0 0 0 2006

Λ(1830) D05 **** 1810 - 1830 5
2

−
1− 3

2 1 {n, s}n 8 6 0 1
2 0 1979

missing – – 1
2

+
0+ 1

2 1 {n, s}n 8 6 0 1
2 0 1832

missing – – 3
2

−
1− 3

2 1 {n, s}n 8 6 0 1
2 0 1853

Λ(1890) P03 **** 1850 - 1910 3
2

+
2+ 1

2 0 [n, n]s 8 3̄ 0 0 0 2006

missing – – 1
2

−
1− 3

2 1 {n, s}n 8 6 0 1
2 0 1979

missing – – 3
2

−
1− 3

2 1 {n, s}n 8 6 0 1
2 0 1979

TABLE IV: Comparison between the experimental values [17] of Σ, Ξ and Λ-type resonance masses (up to 2 GeV) and the
numerical ones (all values are expressed in MeV ), from ”Fit 1”. JP and LP are respectively the total angular momentum and
the orbital angular momentum of the baryon, including the parity P ; S is the total spin, obtained by coupling the spin of the
diquark s1 and that of the quark; Q2q stands for the diquark-quark structure of the state; F and F1 are the dimensions of the
SUf(3) representations for the baryon and the diquark, respectively; I and t1 are the isospins of the baryon and the diquark,
respectively; finally nr is the number of nodes in the radial wave function.

baryons [75], where spin-forces are weaker and can be
treated more easily.

A long standing problem of three quarks QMs in the
strange sector is that of Λ∗(1405), since its experimental
mass is not reproduced with a reasonable accuracy within
this kind of models. Here, the mass of this resonance is
well reproduced in terms of a quark-diquark picture of

baryons. It is also interesting to note that in our model
Λ(1116) and Λ∗(1520) are described as bound states of
a scalar diquark [n, n] and a quark s, where the quark-
diquark system is in S or P -wave, respectively. This is in
accordance with the observations of Refs. [29, 30] on Λ’s
fragmentation functions, that the two resonances can be
described as [n, n]− s systems. See Table VII.
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Resonance Status Mexp. JP LP S s1 Q2q F F1 I t1 nr Mcalc. (Fit 1)
(MeV) (MeV)

Σ(1193) P11 **** 1189 - 1197 1
2

+
0+ 1

2 0 [n, s]n 8 3̄ 1 1
2 0 1134

Σ(1660) P11 *** 1630 - 1690 1
2

+
0+ 1

2 1 {n, s}n 8 6 1 1
2 0 1734

Σ(1670) D13 **** 1665 - 1685 3
2

−
1− 1

2 0 [n, s]n 8 3̄ 1 1
2 0 1800

Σ(1750) S11 *** 1730 - 1800 1
2

−
1− 1

2 0 [n, s]n 8 3̄ 1 1
2 0 1800

Σ(1770) P11 * ≈ 1770 1
2

+
0+ 1

2 0 [n, s]n 8 3̄ 1 1
2 1 1739

Σ(1775) D15 **** 1770 - 1780 5
2

−
1− 3

2 1 {n, s}n 8 6 1 1
2 0 2030

missing – – 1
2

−
1− 1

2 1 {n, n}s 8 6 1 1 0 1872

missing – – 3
2

−
1− 1

2 1 {n, n}s 8 6 1 1 0 1872

Σ(1880) P11 ** ≈ 1880 1
2

+
0+ 1

2 1 {n, n}s 8 6 1 1 0 1751

Σ(1915) F15 **** 1900 - 1935 5
2

+
2+ 1

2 0 [n, s]n 8 3̄ 1 1
2 0 2041

Σ(1940) D13 *** 1900 - 1950 3
2

−
1− 1

2 1 {n, s}n 8 6 1 1
2 0 1916

Σ(2000) S11 * ≈ 2000 1
2

−
1− 1

2 1 {n, s}n 8 6 1 1
2 0 1916

Ξ(1318) P11 **** 1315 - 1322 1
2

+
0+ 1

2 0 [n, s]s 8 3̄ 1
2

1
2 0 1343

Ξ(1820) D13 *** 1818 - 1828 3
2

−
1− 1

2 0 [n, s]s 8 3̄ 1
2

1
2 0 2002

missing – – 1
2

+
0+ 1

2 1 {n, s}s 8 6 1
2

1
2 0 1965

missing – – 1
2

+
0+ 1

2 0 [n, s]s 8 3̄ 1
2

1
2 1 1978

Λ(1116) P01 **** 1116 1
2

+
0+ 1

2 0 [n, n]s 8 3̄ 0 0 0 1128

Λ(1600) P01 *** 1560 - 1700 1
2

+
0+ 1

2 0 [n, s]n 8 3̄ 0 1
2 0 1256

missing – – 3
2

+
0+ 3

2 1 {n, s}n 8 6 0 1
2 0 1613

Λ(1670) S01 **** 1660 - 1680 1
2

−
1− 1

2 0 [n, n]s 8 3̄ 0 0 0 1756

Λ(1690) D03 **** 1685 - 1695 3
2

−
1− 1

2 0 [n, n]s 8 3̄ 0 0 0 1756

missing – – 1
2

+
0+ 1

2 0 [n, n]s 8 3̄ 0 0 1 1738

missing – – 1
2

−
1− 1

2 0 [n, s]n 8 3̄ 0 1
2 0 1758

missing – – 3
2

−
1− 1

2 0 [n, s]n 8 3̄ 0 1
2 0 1758

Λ(1800) S01 *** 1720 - 1850 1
2

−
1− 3

2 1 {n, s}n 8 6 0 1
2 0 1853

Λ(1810) P01 *** 1750 - 1850 1
2

+
0+ 1

2 0 [n, s]n 8 3̄ 0 1
2 1 1794

Λ(1820) F05 **** 1815 - 1825 5
2

+
2+ 1

2 0 [n, n]s 8 3̄ 0 0 0 2006

Λ(1830) D05 **** 1810 - 1830 5
2

−
1− 3

2 1 {n, s}n 8 6 0 1
2 0 1979

missing – – 1
2

+
0+ 1

2 1 {n, s}n 8 6 0 1
2 0 1832

missing – – 3
2

−
1− 3

2 1 {n, s}n 8 6 0 1
2 0 1853

Λ(1890) P03 **** 1850 - 1910 3
2

+
2+ 1

2 0 [n, n]s 8 3̄ 0 0 0 2006

missing – – 1
2

−
1− 3

2 1 {n, s}n 8 6 0 1
2 0 1979

missing – – 3
2

−
1− 3

2 1 {n, s}n 8 6 0 1
2 0 1979

TABLE IV: Comparison between the experimental values [17] of Σ, Ξ and Λ-type resonance masses (up to 2 GeV) and the
numerical ones (all values are expressed in MeV ), from ”Fit 1”. JP and LP are respectively the total angular momentum and
the orbital angular momentum of the baryon, including the parity P ; S is the total spin, obtained by coupling the spin of the
diquark s1 and that of the quark; Q2q stands for the diquark-quark structure of the state; F and F1 are the dimensions of the
SUf(3) representations for the baryon and the diquark, respectively; I and t1 are the isospins of the baryon and the diquark,
respectively; finally nr is the number of nodes in the radial wave function.

baryons [75], where spin-forces are weaker and can be
treated more easily.

A long standing problem of three quarks QMs in the
strange sector is that of Λ∗(1405), since its experimental
mass is not reproduced with a reasonable accuracy within
this kind of models. Here, the mass of this resonance is
well reproduced in terms of a quark-diquark picture of

baryons. It is also interesting to note that in our model
Λ(1116) and Λ∗(1520) are described as bound states of
a scalar diquark [n, n] and a quark s, where the quark-
diquark system is in S or P -wave, respectively. This is in
accordance with the observations of Refs. [29, 30] on Λ’s
fragmentation functions, that the two resonances can be
described as [n, n]− s systems. See Table VII.

5

Resonance Status Mexp. JP LP S s1 Q2q F F1 I t1 nr Mcalc. (Fit 1)
(MeV) (MeV)

Σ(1193) P11 **** 1189 - 1197 1
2

+
0+ 1

2 0 [n, s]n 8 3̄ 1 1
2 0 1134

Σ(1660) P11 *** 1630 - 1690 1
2

+
0+ 1

2 1 {n, s}n 8 6 1 1
2 0 1734

Σ(1670) D13 **** 1665 - 1685 3
2

−
1− 1

2 0 [n, s]n 8 3̄ 1 1
2 0 1800

Σ(1750) S11 *** 1730 - 1800 1
2

−
1− 1

2 0 [n, s]n 8 3̄ 1 1
2 0 1800

Σ(1770) P11 * ≈ 1770 1
2

+
0+ 1

2 0 [n, s]n 8 3̄ 1 1
2 1 1739

Σ(1775) D15 **** 1770 - 1780 5
2

−
1− 3

2 1 {n, s}n 8 6 1 1
2 0 2030

missing – – 1
2

−
1− 1

2 1 {n, n}s 8 6 1 1 0 1872

missing – – 3
2

−
1− 1

2 1 {n, n}s 8 6 1 1 0 1872

Σ(1880) P11 ** ≈ 1880 1
2

+
0+ 1

2 1 {n, n}s 8 6 1 1 0 1751

Σ(1915) F15 **** 1900 - 1935 5
2

+
2+ 1

2 0 [n, s]n 8 3̄ 1 1
2 0 2041

Σ(1940) D13 *** 1900 - 1950 3
2

−
1− 1

2 1 {n, s}n 8 6 1 1
2 0 1916

Σ(2000) S11 * ≈ 2000 1
2

−
1− 1

2 1 {n, s}n 8 6 1 1
2 0 1916

Ξ(1318) P11 **** 1315 - 1322 1
2

+
0+ 1

2 0 [n, s]s 8 3̄ 1
2

1
2 0 1343

Ξ(1820) D13 *** 1818 - 1828 3
2

−
1− 1

2 0 [n, s]s 8 3̄ 1
2

1
2 0 2002

missing – – 1
2

+
0+ 1

2 1 {n, s}s 8 6 1
2

1
2 0 1965

missing – – 1
2

+
0+ 1

2 0 [n, s]s 8 3̄ 1
2

1
2 1 1978

Λ(1116) P01 **** 1116 1
2

+
0+ 1

2 0 [n, n]s 8 3̄ 0 0 0 1128

Λ(1600) P01 *** 1560 - 1700 1
2

+
0+ 1

2 0 [n, s]n 8 3̄ 0 1
2 0 1256

missing – – 3
2

+
0+ 3

2 1 {n, s}n 8 6 0 1
2 0 1613

Λ(1670) S01 **** 1660 - 1680 1
2

−
1− 1

2 0 [n, n]s 8 3̄ 0 0 0 1756

Λ(1690) D03 **** 1685 - 1695 3
2

−
1− 1

2 0 [n, n]s 8 3̄ 0 0 0 1756

missing – – 1
2

+
0+ 1

2 0 [n, n]s 8 3̄ 0 0 1 1738

missing – – 1
2

−
1− 1

2 0 [n, s]n 8 3̄ 0 1
2 0 1758

missing – – 3
2

−
1− 1

2 0 [n, s]n 8 3̄ 0 1
2 0 1758

Λ(1800) S01 *** 1720 - 1850 1
2

−
1− 3

2 1 {n, s}n 8 6 0 1
2 0 1853

Λ(1810) P01 *** 1750 - 1850 1
2

+
0+ 1

2 0 [n, s]n 8 3̄ 0 1
2 1 1794

Λ(1820) F05 **** 1815 - 1825 5
2

+
2+ 1

2 0 [n, n]s 8 3̄ 0 0 0 2006

Λ(1830) D05 **** 1810 - 1830 5
2

−
1− 3

2 1 {n, s}n 8 6 0 1
2 0 1979

missing – – 1
2

+
0+ 1

2 1 {n, s}n 8 6 0 1
2 0 1832

missing – – 3
2

−
1− 3

2 1 {n, s}n 8 6 0 1
2 0 1853

Λ(1890) P03 **** 1850 - 1910 3
2

+
2+ 1

2 0 [n, n]s 8 3̄ 0 0 0 2006

missing – – 1
2

−
1− 3

2 1 {n, s}n 8 6 0 1
2 0 1979

missing – – 3
2

−
1− 3

2 1 {n, s}n 8 6 0 1
2 0 1979

TABLE IV: Comparison between the experimental values [17] of Σ, Ξ and Λ-type resonance masses (up to 2 GeV) and the
numerical ones (all values are expressed in MeV ), from ”Fit 1”. JP and LP are respectively the total angular momentum and
the orbital angular momentum of the baryon, including the parity P ; S is the total spin, obtained by coupling the spin of the
diquark s1 and that of the quark; Q2q stands for the diquark-quark structure of the state; F and F1 are the dimensions of the
SUf(3) representations for the baryon and the diquark, respectively; I and t1 are the isospins of the baryon and the diquark,
respectively; finally nr is the number of nodes in the radial wave function.

baryons [75], where spin-forces are weaker and can be
treated more easily.

A long standing problem of three quarks QMs in the
strange sector is that of Λ∗(1405), since its experimental
mass is not reproduced with a reasonable accuracy within
this kind of models. Here, the mass of this resonance is
well reproduced in terms of a quark-diquark picture of

baryons. It is also interesting to note that in our model
Λ(1116) and Λ∗(1520) are described as bound states of
a scalar diquark [n, n] and a quark s, where the quark-
diquark system is in S or P -wave, respectively. This is in
accordance with the observations of Refs. [29, 30] on Λ’s
fragmentation functions, that the two resonances can be
described as [n, n]− s systems. See Table VII.
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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
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U(7) Model Ann. Phys. 284, 89 (2000)
In the U(7) algebraic model the baryon spectrum is computed through algebraic methods, introduced in
the 60’s by Gell-Mann, Ne’eman and Okubo (flavor and spin part). In the U(7) model, such methods are
also used to describe the spatial part.
The full algebraic structure is obtained by combining the symmetry of the spatial part, U(7), with that of
the internal spin-flavor-color part SU

sf

(6) ¢ SU
c

(3)

U(7) ¢ SU
sf

(6) ¢ SU
c

(3) .

The baryon mass formula is written as the sum of three terms

M̂2 = M2
0 + M̂2

space

+ M̂2
sf

,

where M̂2
space

is a function of the spatial degrees of freedom and M̂2
sf

depends on the internal ones. The
energy spectrum, corresponding to the spatial degrees of freedom, is given by:

M̂2
space

= M̂2
vib

+ M̂2
rot

.

Since the space-spin-flavor wave function is symmetric under permutation group S3 of the three identical
constituents, the permutation symmetry of the spatial wave function has to be the same as that of the
spin-flavor part. Thus, the spatial part of the mass operator M̂2

space

has to be invariant under the S3
permutation symmetry.
The mass formula

M̂2 = M2
0 + Ÿ1 v1 + Ÿ2 v2 + –L + M2

GR

,

INFN sezione di Genova KL2016, JLAB, 1-3 february 2016
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Nú Spectra in U(7) Model Ann. Phys. 284, 89 (2000)
Mass spectrum of nonstrange baryon resonances in the oblate top model. The masses are given in MeV.

Baryon L2I,2J Status Mass State (v1, v2) Mcalc
N(939)P11 **** 939 281/2[56, 0+] (0,0) 939
N(1440)P11 **** 1430-1470 281/2[56, 0+] (1,0) 1444
N(1520)D13 **** 1515-1530 283/2[70, 1≠] (0,0) 1563
N(1535)S11 **** 1520-1555 281/2[70, 1≠] (0,0) 1563
N(1650)S11 **** 1640-1680 481/2[70, 1≠] (0,0) 1683
N(1675)D15 **** 1670-1685 485/2[70, 1≠] (0,0) 1683
N(1680)F15 **** 1675-1690 285/2[56, 2+] (0,0) 1737
N(1700)D13 *** 1650-1750 483/2[70, 1≠] (0,0) 1683
N(1710)P11 *** 1680-1740 281/2[70, 0+] (0,1) 1683
missing 281/2[20, 1+] (0,0) 1713
missing 283/2[20, 1+] (0,0) 1713
N(1720)P13 **** 1650-1750 283/2[56, 2+] (0,0) 1737
misssin 283/2[70, 2≠] (0,0) 1874
misssin 285/2[70, 2≠] (0,0) 1874
misssin 285/2[70, 2+] (0,0) 1874
N(1860)F15 ** 1820-1960 485/2[70, 2+] (0,0) 1975
N(1875)D13 *** 1820-1920 483/2[70, 2≠] (0,0) 1975
N(1880)P13 ** 1835-1905 483/2[70, 2+] (0,0) 1975
N(1895)S11 ** 1880-1910 481/2[70, 2≠] (0,0) 1975
N(1900)P13 *** 1875-1935 283/2[70, 2+] (0,0) 1874
misssin 281/2[70, 1≠] (1,0) 1909
misssin 283/2[70, 1≠] (1,0) 1909
misssin 481/2[70, 1≠] (1,0) 2090
N(1990)F15 ** 1995-2125 487/2[70, 2+] (0,0) 1975
N(2000)F15 ** 1820-1960 485/2[70, 2+] (0,0) 1975
N(2060)D15 ** 2045-2075 485/2[70, 1≠] (1,0) 2090
N(2190)G17 **** 2100-2200 287/2[70, 3≠] (0,0) 2140
N(2220)H19 **** 2180-2310 289/2[56, 4+] (0,0) 2271
N(2250)G19 **** 2170-2310 489/2[70, 3≠] (0,0) 2229
N(2600)I1,11 *** 2550-2750 2811/2[70, 5≠] (0,0) 2591

�(1232)P33 **** 1230-1234 4103/2[56, 0+] (0,0) 1246
�(1600)P33 *** 1550-1700 4103/2[56, 0+] (1,0) 1660
�(1620)S31 **** 1615-1675 2101/2[70, 1≠] (0,0) 1649
�(1700)D33 **** 1670-1770 2103/2[70, 1≠] (0,0) 1649
�(1750)P13 * 1708-1780 2101/2[70, 0+] (0,1) 1764
�(1900)S31 ** 1840-1920 2101/2[70, 1≠] (0,0) 1981
�(1905)F35 **** 1855-1910 4105/2[56, 2+] (0,0) 1921
�(1910)P31 **** 1860-1910 4101/2[56, 2+] (0,0) 1921
�(1920)P33 *** 1900-1970 4103/2[56, 2+] (0,0) 1921
�(1930)D35 *** 1920-1970 2105/2[70, 2≠] (0,0) 1946
�(1950)F37 **** 1940-1960 4107/2[56, 2+] (0,0) 1921
�(2420)H3,11 **** 2300-2500 41011/2[56, 4+] (0,0) 2414

INFN sezione di Genova KL2016, JLAB, 1-3 february 2016
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The Hypercentral Model (hQM) PL. B364, 231 (1995)
In the hQM, the Jacobi coordinates fl̨ = 1Ô

2
(̨r1 ≠ r̨2) and ⁄̨ = 1Ô

6
(̨r1 + r̨2 ≠ 2̨r3), which constitute the usual

choice in QM calculations, are substituted with the hyperspherical coordinates. These are the angles
�fl = (◊fl, „fl) and �⁄ = (◊⁄, „⁄), the hyperradius, x , and the hyperangle, ›, defined as

x =


fl̨2 + ⁄̨2 , › = arctan
fl

⁄
.

the hQM has the assumption that the quark interaction only depends on the hyperradius :

V3q(fl̨, ⁄̨) = V (x) With the form
V (x) = ≠

·

x
+ –x

where · and – are free parameters. Thus, Âspace , is factorized as

Âspace = Â3q(fl̨, ⁄̨) = Â“‹ (x)Y[“]lfl l⁄ (�fl, �⁄, ›) ,

where the hyperradial wave function, Â“‹ (x), is labeled by the grand angular quantum number “ and the number
of nodes ‹. The dynamics is contained in Â“‹ (x), which is a solution of the hyperradial equation

[ d2
dx2 + 5

x
d
dx ≠ “(“+4)

x2 ]Â“‹ (x) = ≠ 2m [E ≠ V3q(x)] Â“‹ (x) .

The complete hCQM hamiltonian is then

HhCQM = 3m +
p̨ 2

fl

2m
+

p̨ 2
⁄

2m
≠

·

x
+ –x + Hhyp .

where p̨fl and p̨⁄ are the momenta conjugated to the Jacobi coordinates fl̨ and ⁄̨.

INFN sezione di Genova KL2016, JLAB, 1-3 february 2016
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The baryon spectra in the hQM P. L. B364, 231 (1995)
Mass spectrum of N and � resonances within the hQM, compared with the existing experimental data.

Baryon L2I,2J Status Mass (MeV) State M
hQM

(MeV)

N(939)P11 **** 939 281/2[56, 0+
1 ] 938

N(1440)P11 **** 1420-1470 281/2[56, 0+
2 ] 1550

N(1520)D13 **** 1515-1525 283/2[70, 1≠
1 ] 1525

N(1535)S11 **** 1525-1545 281/2[70, 1≠
1 ] 1507

N(1650)S11 **** 1645-1670 281/2[70, 1≠
2 ] 1574

N(1675)D15 **** 1670-1680 485/2[70, 1≠
1 ] 1579

N(1680)F15 **** 1680-1690 285/2[56, 2+
1 ] 1798

N(1700)D13 *** 1650-1750 283/2[70, 1≠
2 ] 1606

N(1710)P11 *** 1680-1740 281/2[70, 0+
1 ] 1808

N(1720)P13 **** 1700-1750 283/2[56, 2+
1 ] 1797

missing 483/2[70, 2+
1 ] 1835

missing 281/2[20, 1+
1 ] 1836

missing 283/2[20, 1+
1 ] 1836

N(1860)F15 ** 1820-1960 485/2[70, 2+
1 ] 1844

N(1875)D13 *** 1820-1920 483/2[70, 1≠
1 ] 1899

N(1880)P11 ** 1835-1905 481/2[70, 2+
1 ] 1839

N(1895)S11 ** 1880-1910 481/2[70, 1≠
1 ] 1887

N(1900)P13 *** 1875-1935 283/2[70, 2+
1 ] 1853

missing 481/2[70, 1≠
2 ] 1937

N(1990)F17 ** 1995-2125 487/2[70, 2+
1 ] 1840

N(2000)F15 ** 1950-2150 485/2[70, 2+
1 ] 1851

N(2040)P13 * 2031-2065 483/2[70, 0+
1 ] 1863

N(2060)D15 ** 2045-2075 485/2[70, 1≠
2 ] 1942

N(2100)P11 * ¥ 2100 281/2[56, 0+
3 ] 1943

N(2120)D13 ** 2090-2210 483/2[70, 1≠
2 ] 1969

�(1232)P33 **** 1230-1234 4103/2[56, 0+
1 ] 1240

�(1600)P33 *** 1500-1700 4103/2[56, 0+
2 ] 1727

�(1620)S31 **** 1600-1660 2101/2[70, 1≠
1 ] 1584

�(1700)D33 **** 1670-1750 2103/2[70, 1≠
1 ] 1584

�(1750)P31 * 1708-1780 2101/2[70, 0+
1 ] 1832

missing 2103/2[70, 2+
1 ] 1843

�(1900)S31 ** 1840-1920 2101/2[70, 1≠
2 ] 1947

�(1905)F35 **** 1855-1910 4105/2[56, 2+
1 ] 1844

�(1910)P31 **** 1860-1910 4101/2[56, 2+
1 ] 1871

�(1920)P33 *** 1900-1970 4103/2[56, 2+
1 ] 1856

�(1940)D33 ** 1940-2060 2103/2[70, 1≠
2 ] 1947

�(1950)F37 **** 1915-1950 4107/2[56, 2+
1 ] 1851

�(2000)F35 ** ¥ 2000 2105/2[70, 2+
1 ] 1859

missing 4103/2[56, 0+
3 ] 2103

INFN sezione di Genova KL2016, JLAB, 1-3 february 2016
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Strong Decays of baryons, 3P0 mechanism
arXiv:1506.07469

The 3P0 pair-creation model of hadron vertices; the qq̄
pair (45) is created in a 3P0 flavor-color singlet. A is the
initial state baryon, B and C are the final baryon and
meson states, respectively.

The 3P0 operator

T†=≠3“
q

i,j

s
dp̨i dp̨j ”(̨pi +̨pj )Cij Fij V (pi ≠pj )2

#
‰ij ◊Y1 (̨pi ≠p̨j )

$(0)

0
b†
i (̨pi )d†

j (̨pj )
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TABLE VII: Comparison of the results obtained with different
vertex functions, fitted to a selected number of experimental
strong decays [1]. Columns 2− 5 show the theoretical open-
flavor decay widths, calculated with the vertices Vi of Eq.
(17) in combination with the effective phase space factor of
Eq. (15).

Channel V1 V2 V3 V4 Exp (MeV)

∆(1232) → Nπ 115 118 116 120 114− 120
N(1520) → Nπ 102 98 101 98 55− 81
N(1535) → Nπ 106 108 102 107 44− 96
N(1650) → Nπ 71 72 68 72 60− 162
N(1680) → Nπ 63 55 60 50 78− 98
N(1720) → Nπ 123 114 114 118 12− 56
∆(1905) → Nπ 14 14 14 14 24− 60
∆(1910) → Nπ 39 42 38 43 33− 102
∆(1920) → Nπ 14 16 14 16 9− 60

behavior. Thus, we do not include them in our analy-
sis. The quality of the description of the experimental
data provided by the four vertices is equivalent (see Ta-
ble VII). Thus, we choose the vertex with the smallest
number of free parameters, the first vertex with

V (!p4 − !p5) = γ0 e
−α2

d("p4−"p5)
2/8 . (18)

In Ref. [52] it is stated that in the 3P0 model ap-
proach the pair-creation is flavor-independent, which im-
plies an enhancement of heavy quarks creation compared
to light quarks one, without a fundamental reason for
that. Thus, instead of the coupling strength γ0 an effec-
tive pair-creation strength γeff0 [28, 30, 42, 52] is intro-
duced

γ0 → γeff0 =
mn

mi
γ0 , (19)

with i = n (i.e. u or d) or s (see Table VIII). The
same mechanism of Eq. (19), including also a quark form
factor, is used in the calculations of the present paper.

C. Mixing between N(1535)S11 and N(1650)S11

To get a better reproduction of the experimental
data, we introduce a mixing between N(1535)S11 and
N(1650)S11 resonances,

|N(1535)S11〉 = |281/2〉 cos θ + |481/2〉 sin θ ,

|N(1650)S11〉 = −|281/2〉 sin θ + |481/2〉 cos θ , (20)

where θ = 38◦ is the mixing angle. This was done in Refs.
[37, 53], to correct the disagreement between experimen-
tal and theoretical results for the helicity amplitudes of
the N(1535)S11 and N(1650)S11 resonances.

TABLE VIII: Parameter values used in the calculations, in
combination with the relativistic phase space factor of Eq.
(14) (column 2) and the effective phase space factor of Eq.
(15) (column 3). The parameter values are obtained in a fit
to the experimental strong decay widths of Table VII. The
values of the constituent quark masses mn (n = u, d) and ms

are taken from Refs. [28, 30, 42].

Parameter Rel. PSF Eff. PSF

γ0 14.3 13.2
αb 2.99 GeV−1 2.69 GeV−1

αc 2.38 GeV−1 2.02 GeV−1

αd 0.52 GeV−1 0.82 GeV−1

mn 0.33 GeV
ms 0.55 GeV

IV. OPEN-FLAVOR STRONG DECAYS.
RESULTS AND DISCUSSION

In this section, we present the results of our calcu-
lations of the open-flavor strong decays of non-strange
baryons and hyperons into baryon-pseudoscalar and
baryon-vector mesons.
Among the large quantity of effective models developed

to study the strong decays of hadrons, the 3P0 model
[10, 11] is especially attractive, because it provides the
gross features of various transitions with only one free
parameter, the pair-creation strength γ0. However, in its
original formulation [10, 11] the pair-creation vertex is
independent of the momenta of the created quarks, there-
fore the qq̄ pair is created with equal probability in all of
momentum space. Since there is no serious foundation
for a creation vertex that is independent of the momenta
of the created quarks, we investigated different forms of
the pair-creation vertex of the 3P0 model, analogously to
what was done in Ref. [35] for mesons. According to our
results [see Table VII], the preferred form for the vertex
is that of a Gaussian factor (the quark form factor), mul-
tiplied by a free parameter, the pair-creation strength γ0
[see Eq. (18)]. The other vertex functions give compara-
ble results, but contain a higher number of parameters.
In addition, we substituted the pair-creation strength

of the 3P0 model, γ0, with an effective one, γeff0 , to sup-
press unphysical heavy qq̄ pair-creation. This was al-
ready done by several authors in the heavy meson sector,
especially in the cases of charmonia [28, 29, 52], bot-
tomonia [29, 42] and open-charm resonances [32], since
it is well known that cc̄ and bb̄ pair-creation has to be
strongly suppressed. In the present paper, the effective
mechanism reduces the widths, corresponding to ss̄ pair-
creation, to almost one third of the values calculated with
the standard mechanism, i.e. with γ0 instead of γeff0 .
Another recurring problem in the calculation of light

baryon and meson strong decays is the choice of the phase
space factor. There are three main types of phase space
factors in the literature: non-relativistic, relativistic and
effective [see Eqs. (13), (14) and (15), respectively]. The
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FIG. 1: The 3P0 pair-creation model of hadron vertices; the
qq̄ pair (45) is created in a 3P0 flavor-color singlet. A is the
initial-state baryon; B and C are the final baryon and meson
states, respectively.

where C2[SUSF (6)], C2[SUF (3)], C2[SUS(2)] and
C2[SUI(2)] are quadratic Casimir operators describ-
ing the splittings within SUS(2), SUI(2), SUF (3) and
SUSF (6) multiplets, and C1[UY (1)] is the Casimir for
the U(1) subgroup generated by the hypercharge Y . A,
B, C, D and E are free parameters fitted to the data
with the values reported in Ref. [51].

III. 3P0 PAIR-CREATION MODEL

The 3P0 pair-creation model is an effective model to
compute open-flavor strong decays [10, 11, 16]. Here, a
hadron decay takes place in its rest frame and proceeds
via the creation of an additional qq̄ pair. The quark-
antiquark pair is created with the quantum numbers of
the vacuum, i.e. JPC = 0++ (see Fig. 1), and the decay
amplitude can be expressed as [10, 11, 17, 27–29, 31]

ΓA→BC = ΦA→BC(q0)
∑

!

∣

∣〈BCq0 !J |T † |A〉
∣

∣

2
. (19)

In this paper, we focus on the open-flavor strong de-
cays of light baryons (i.e. made up of u, d, s quarks)
in the 3P0 model. We assume harmonic oscillator wave
functions, depending on a single oscillator parameter αb

for the baryons and αc for the mesons. The final state
is characterized by the relative orbital angular momen-
tum ! between B and C and a total angular momentum
#J = #Jb + #Jc + #!.

A. Phase space factor

The coefficient ΦA→BC(q0) is the phase space factor
for the decay. We show three possible prescriptions. The

TABLE I: Effective meson and baryon masses, M̃ [see Eq.
(22)], from Refs. [3, 15].

State M̃ (GeV)

N 1.10
∆ 1.10
π 0.72
ρ 0.72
η 0.85
ω 0.85

first in the non-relativistic expression,

ΦA→BC(q0) = 2πq0
MbMc

Ma
, (20)

depending on the relative momentum q0 between B
and C and on the masses of the two intermediate-state
hadrons, Mb and Mc. The second option is the standard
relativistic form,

ΦA→BC(q0) = 2πq0
Eb(q0)Ec(q0)

Ma
, (21)

depending on q0 and on the energies of the two
intermediate-state hadrons, Eb =

√

M2
b + q20 and Ec =

√

M2
c + q20 . The third possibility is to use an effective

phase space factor [3, 15],

ΦA→BC(q0) = 2πq0
M̃bM̃c

Ma
, (22)

where M̃b and M̃c are the effective baryon and me-
son masses, respectively, evaluated by means of a spin-
independent interaction (see Table I). According to Ref.
[15], this is valid in the weak-binding limit, where ρ and
π are degenerate and m̃π = 5.1mπ.
In the case of heavy baryons and mesons, whose inter-

nal dynamics is almost non-relativistic and the hyperfine
interactions are relatively small, the three types of phase
space factors provide almost the same results.

B. Transition operator

The transition operator of the 3P0 model is given by
[28, 29, 31]:

T † = −3γ0

∫

d#p4 d#p5 δ(#p4 + #p5)C45 F45 V (#p4 − #p5)

[χ45 × Y1(#p4 − #p5)]
(0)
0 b†4(#p4) d

†
5(#p5) . (23)

Here, γ0 is the pair-creation strength, and b†4(#p4) and

d†5(#p5) are the creation operators for a quark and an anti-
quark with momenta #p4 and #p5, respectively. The qq̄ pair
is characterized by a color-singlet wave function C45, a
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where C2[SUSF (6)], C2[SUF (3)], C2[SUS(2)] and
C2[SUI(2)] are quadratic Casimir operators describ-
ing the splittings within SUS(2), SUI(2), SUF (3) and
SUSF (6) multiplets, and C1[UY (1)] is the Casimir for
the U(1) subgroup generated by the hypercharge Y . A,
B, C, D and E are free parameters fitted to the data
with the values reported in Ref. [51].

III. 3P0 PAIR-CREATION MODEL

The 3P0 pair-creation model is an effective model to
compute open-flavor strong decays [10, 11, 16]. Here, a
hadron decay takes place in its rest frame and proceeds
via the creation of an additional qq̄ pair. The quark-
antiquark pair is created with the quantum numbers of
the vacuum, i.e. JPC = 0++ (see Fig. 1), and the decay
amplitude can be expressed as [10, 11, 17, 27–29, 31]

ΓA→BC = ΦA→BC(q0)
∑

!

∣

∣〈BCq0 !J |T † |A〉
∣

∣

2
. (19)

In this paper, we focus on the open-flavor strong de-
cays of light baryons (i.e. made up of u, d, s quarks)
in the 3P0 model. We assume harmonic oscillator wave
functions, depending on a single oscillator parameter αb

for the baryons and αc for the mesons. The final state
is characterized by the relative orbital angular momen-
tum ! between B and C and a total angular momentum
#J = #Jb + #Jc + #!.

A. Phase space factor

The coefficient ΦA→BC(q0) is the phase space factor
for the decay. We show three possible prescriptions. The

TABLE I: Effective meson and baryon masses, M̃ [see Eq.
(22)], from Refs. [3, 15].

State M̃ (GeV)

N 1.10
∆ 1.10
π 0.72
ρ 0.72
η 0.85
ω 0.85

first in the non-relativistic expression,

ΦA→BC(q0) = 2πq0
MbMc

Ma
, (20)

depending on the relative momentum q0 between B
and C and on the masses of the two intermediate-state
hadrons, Mb and Mc. The second option is the standard
relativistic form,

ΦA→BC(q0) = 2πq0
Eb(q0)Ec(q0)

Ma
, (21)

depending on q0 and on the energies of the two
intermediate-state hadrons, Eb =

√

M2
b + q20 and Ec =

√

M2
c + q20 . The third possibility is to use an effective

phase space factor [3, 15],

ΦA→BC(q0) = 2πq0
M̃bM̃c

Ma
, (22)

where M̃b and M̃c are the effective baryon and me-
son masses, respectively, evaluated by means of a spin-
independent interaction (see Table I). According to Ref.
[15], this is valid in the weak-binding limit, where ρ and
π are degenerate and m̃π = 5.1mπ.
In the case of heavy baryons and mesons, whose inter-

nal dynamics is almost non-relativistic and the hyperfine
interactions are relatively small, the three types of phase
space factors provide almost the same results.

B. Transition operator

The transition operator of the 3P0 model is given by
[28, 29, 31]:

T † = −3γ0

∫

d#p4 d#p5 δ(#p4 + #p5)C45 F45 V (#p4 − #p5)

[χ45 × Y1(#p4 − #p5)]
(0)
0 b†4(#p4) d

†
5(#p5) . (23)

Here, γ0 is the pair-creation strength, and b†4(#p4) and

d†5(#p5) are the creation operators for a quark and an anti-
quark with momenta #p4 and #p5, respectively. The qq̄ pair
is characterized by a color-singlet wave function C45, a
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TABLE III: Strong decay widths of three- and four-star nucleon resonances (in MeV), calculated with the U(7) Model of Sec.
IIA and Refs. [39, 40], in combination with the relativistic phase space factor (RPSF) of Eq. (21) and the values of the model
parameters of Table II (second column), or the effective phase space factor (EPSF) of Eq. (22) and the values of the model
parameters of Table II (third column). The experimental values are taken from Ref. [1]. Decay channels labeled by – are below
threshold. The symbols (S) and (D) stand for S- and D-wave decays, respectively.

Resonance Status M [MeV] Nπ Nη ΣK ΛK ∆π Nρ Nω

N(1440)P11 **** 1430-1470 110− 338 0− 5 22− 101 Exp.
281/2[56, 0

+
2 ] 1444 85 – – – 13 – – RPSF

281/2[56, 0
+
2 ] 1444 108 – 22 EPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1

−
1 ] 1563 134 0 – – 207 – – RPSF

283/2[70, 1
−
1 ] 1563 102 0 342 EPSF

N(1535)S11 **** 1520-1555 44− 96 40− 91 < 2 Exp.
281/2[70, 1

−
1 ] 1563 63 75 – – 16 – – RPSF

281/2[70, 1
−
1 ] 1563 106 86 14 EPSF

N(1650)S11 **** 1640-1680 60− 162 6− 27 4− 20 0− 45 Exp.
481/2[70, 1

−
1 ] 1683 41 72 – 0 18 – – RPSF

481/2[70, 1
−
1 ] 1683 71 83 15 EPSF

N(1675)D15 **** 1670-1685 46− 74 0− 2 < 2 65− 99 Exp.
485/2[70, 1

−
1 ] 1683 47 11 – 0 108 – – RPSF

485/2[70, 1
−
1 ] 1683 29 7 79 EPSF

N(1680)F15 **** 1675-1690 78− 98 0− 1 6− 21 Exp.
285/2[56, 2

+
1 ] 1737 121 1 – 0 100 – – RPSF

285/2[56, 2
+
1 ] 1737 63 0 99 EPSF

N(1700)D13 *** 1650-1750 7− 43 0− 3 < 8 10− 225 (S) Exp.
< 50 (D)

483/2[70, 1
−
1 ] 1683 9 3 – 0 561 – – RPSF

483/2[70, 1
−
1 ] 1683 5 2 657 EPSF

N(1710)P11 *** 1680-1740 3− 50 5− 75 3− 63 8− 100 3− 63 Exp.
281/2[70, 0

+
1 ] 1683 5 9 0 3 56 – – RPSF

281/2[70, 0
+
1 ] 1683 11 9 58 EPSF

N(1720)P13 **** 1650-1750 12− 56 5− 20 2− 60 90− 360 105− 340 Exp.
283/2[56, 2

+
1 ] 1737 111 7 0 14 36 5 0 RPSF

283/2[56, 2
+
1 ] 1737 123 7 28 EPSF

N(1875)D13 *** 1820-1920 3− 70 0− 22 0− 4 48− 192 (S) 0− 38 22− 90 Exp.
11− 86 (D) Exp.

483/2[70, 2
−
1 ] 1975 0 0 0 0 0 0 0 RPSF

483/2[70, 2
−
1 ] 1975 0 0 0 EPSF

N(1900)P13 *** 1875-1935 20− 37 24− 44 6− 26 0− 37 75− 120 Exp.
283/2[70, 2

+
1 ] 1874 11 12 1 13 63 64 24 RPSF

283/2[70, 2
+
1 ] 1874 17 11 33 EPSF
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Results
Conclusions

U(7) Model results
The Hypercentral Model results

U(7) Model Results, arXiv:1506.07469
Strong decay widths of three and four star nucleon resonances (in MeV), calculated with the relativistic phase
space factor. The symbols (S) and (D) stand for S and D-wave decays, respectively.

Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1444 85 – – – 13 – – RPSF
281/2[56, 0+

2 ] 1444 108 – 22 EPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1563 134 0 – – 207 – – RPSF
283/2[70, 1≠

1 ] 1563 102 0 342 EPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1563 63 75 – – 16 – – RPSF
281/2[70, 1≠

1 ] 1563 106 86 14 EPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
481/2[70, 1≠

1 ] 1683 41 72 – 0 18 – – RPSF
481/2[70, 1≠

1 ] 1683 71 83 15 EPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1683 47 11 – 0 108 – – RPSF
485/2[70, 1≠

1 ] 1683 29 7 79 EPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1737 121 1 – 0 100 – – RPSF
285/2[56, 2+

1 ] 1737 63 0 99 EPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

483/2[70, 1≠
1 ] 1683 9 3 – 0 561 – – RPSF

483/2[70, 1≠
1 ] 1683 5 2 657 EPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1683 5 9 0 3 56 – – RPSF
281/2[70, 0+

1 ] 1683 11 9 58 EPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1737 111 7 0 14 36 5 0 RPSF
283/2[56, 2+

1 ] 1737 123 7 28 EPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 2≠
1 ] 1975 0 0 0 0 0 0 0 RPSF

483/2[70, 2≠
1 ] 1975 0 0 0 EPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1874 11 12 1 13 63 64 24 RPSF
283/2[70, 2+

1 ] 1874 17 11 33 EPSF

INFN sezione di Genova KL2016, JLAB, 1-3 february 2016

3*	  and	  4*	  states	  
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TABLE IV: As Table III, but for ∆ resonances. The symbols (S), (P ), (D) and (F ) stand for S-, P -, D- and F -wave decays,
respectively.

Resonance Status M [MeV] Nπ ΣK ∆π ∆η Σ∗K Nρ

∆(1232)P33 **** 1230-1234 114 − 120 Exp.
4103/2[56, 0

+
1 ] 1246 71 – – – – – RPSF

4103/2[56, 0
+
1 ] 1246 115 – – EPSF

∆(1600)P33 *** 1550-1700 22− 105 88− 294 < 88 Exp.
4103/2[56, 0

+
2 ] 1660 17 – 65 – – – RPSF

4103/2[56, 0
+
2 ] 1660 24 74 – EPSF

∆(1620)S31 **** 1615-1675 26− 45 39− 90 9− 38 Exp.
2101/2[70, 1

−
1 ] 1649 5 – 76 – – – RPSF

2101/2[70, 1
−
1 ] 1649 10 61 – EPSF

∆(1700)D33 **** 1670-1770 20− 80 50− 200 (S) 6− 28 48− 165 Exp.
10− 60 (D)

2103/2[70, 1
−
1 ] 1649 46 – 311 – – – RPSF

2103/2[70, 1
−
1 ] 1649 27 343 – EPSF

∆(1905)F35 **** 1855-1910 24− 60 < 100 > 162 Exp.
4105/2[56, 2

+
1 ] 1921 31 1 188 19 0 99 RPSF

4105/2[56, 2
+
1 ] 1921 14 139 14 EPSF

∆(1910)P31 **** 1860-1910 33− 102 9− 48 70− 299 Exp.
4101/2[56, 2

+
1 ] 1921 26 38 32 4 – 64 RPSF

4101/2[56, 2
+
1 ] 1921 39 27 3 EPSF

∆(1920)P33 *** 1900-1970 9− 60 3− 7 18− 102 (P ) 13− 69 0 Exp.
45− 195 (F )

4103/2[56, 2
+
1 ] 1921 7 23 132 22 5 105 RPSF

4103/2[56, 2
+
1 ] 1921 14 96 15 EPSF

∆(1930)D35 *** 1920-1970 11− 75 Exp.
2105/2[70, 2

−
1 ] 1946 0 0 0 0 0 0 RPSF

2105/2[70, 2
−
1 ] 1946 0 0 0 EPSF

∆(1950)F37 **** 1940-1960 82− 151 1− 2 47− 101 < 34 Exp.
4107/2[56, 2

+
1 ] 1921 172 5 92 1 0 22 RPSF

4107/2[56, 2
+
1 ] 1921 72 40 1 EPSF

Introduction
Quarks models of baryons and mesons

Results
Conclusions

U(7) Model results
The Hypercentral Model results
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Strong decay widths of three and four star nucleon resonances (in MeV), calculated with the relativistic phase
space factor. The symbols (S) and (D) stand for S and D-wave decays, respectively.

Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1444 85 – – – 13 – – RPSF
281/2[56, 0+

2 ] 1444 108 – 22 EPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1563 134 0 – – 207 – – RPSF
283/2[70, 1≠

1 ] 1563 102 0 342 EPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1563 63 75 – – 16 – – RPSF
281/2[70, 1≠

1 ] 1563 106 86 14 EPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
481/2[70, 1≠

1 ] 1683 41 72 – 0 18 – – RPSF
481/2[70, 1≠

1 ] 1683 71 83 15 EPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1683 47 11 – 0 108 – – RPSF
485/2[70, 1≠

1 ] 1683 29 7 79 EPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1737 121 1 – 0 100 – – RPSF
285/2[56, 2+

1 ] 1737 63 0 99 EPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

483/2[70, 1≠
1 ] 1683 9 3 – 0 561 – – RPSF

483/2[70, 1≠
1 ] 1683 5 2 657 EPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1683 5 9 0 3 56 – – RPSF
281/2[70, 0+

1 ] 1683 11 9 58 EPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1737 111 7 0 14 36 5 0 RPSF
283/2[56, 2+

1 ] 1737 123 7 28 EPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 2≠
1 ] 1975 0 0 0 0 0 0 0 RPSF

483/2[70, 2≠
1 ] 1975 0 0 0 EPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1874 11 12 1 13 63 64 24 RPSF
283/2[70, 2+

1 ] 1874 17 11 33 EPSF

INFN sezione di Genova KL2016, JLAB, 1-3 february 2016
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TABLE V: As Table III, but for Σ and Σ∗ resonances.

Baryon Status M [MeV] NK Σπ Λπ Ση ΞK ∆K Σ∗π NK
∗
Σρ Λρ Σω

Σ(1660)P11 *** 1630-1690 4− 60 seen seen Exp.
281/2[56, 0

+
2 ] 1604 3 38 14 – – – 7 – – – – RPSF

Σ(1670)D13 **** 1665-1685 3− 10 12− 48 2− 12 Exp.
483/2[70, 1

−
1 ] 1711 5 78 8 – – – 36 – – – – RPSF

Σ(1750)S11 *** 1730-1800 6− 64 < 13 seen 9− 88 Exp.
481/2[70, 1

−
1 ] 1711 3 109 3 28 – – 9 – – – – RPSF

Σ(1775)D15 **** 1770-1780 39− 58 2− 7 15− 27 8− 16 Exp.
485/2[70, 1

−
1 ] 1822 101 17 38 0 – 4 11 – – – – RPSF

Σ(1915)F15 **** 1900-1935 4− 24 seen seen < 8 Exp.
285/2[56, 2

+
1 ] 1872 6 58 33 2 1 96 23 6 – 2 – RPSF

Σ(1940)D13 *** 1900-1950 < 60 seen seen seen seen seen Exp.
283/2[56, 1

−
1 ] 1974 0 0 0 0 0 0 0 0 – 0 – RPSF

Σ∗(1385)P13 **** 1383-1385 30− 32 4− 5 Exp.
4103/2[56, 0

+
1 ] 1382 – 3 27 – – – – – – – – RPSF

Σ∗(2030)F17 **** 2025-2040 26− 46 8− 20 26− 46 < 4 15− 40 8− 30 Exp.
4107/2[56, 2

+
1 ] 2012 54 37 75 271 1 30 37 7 0 4 0 RPSF

The decays are calculated with the new values of the
3P0 model parameters of Table XIV, which we fitted to
a sample of 9 transitions: ∆ → Nπ, N(1520) → Nπ,
N(1535) → Nπ, N(1650) → Nπ, N(1680) → Nπ,
N(1720) → Nπ, ∆(1905) → Nπ, ∆(1910) → Nπ and
∆(1920) → Nπ.

Although we use the same decay model as in Sec. IVA,
there are some differences with respect from the previous
case: 1) As in Sec. IVA, for *** and **** states we use
the experimental values of the masses, but the quantum
number assignments are provided by the hQM and do not
always coincide with those of the U(7) model, since the
two models are different. For example, this happens for
the N(1650)S11, N(1700)D13 and N(1875)D13. Thus,
in these cases, we expect to obtain quite different re-
sults for the decay widths; 2) The hQM and U(7) models
predict the existence of a few missing states below the
energy of 2.1 GeV. The masses, quantum numbers and
also quantity of missing states in the two previous models
are different. Information on missing states is important
to the experimentalists in their search for new baryon
resonances.

C. Comparison with other calculations

The quality of our results is comparable to that of Refs.
[3, 53]. Capstick and Roberts (CR) studied the strong
decays of non-strange baryons, nucleon and delta reso-
nances, by using Capstick and Isgur’s relativized baryon
model [36] to describe the masses of unknown resonances,
harmonic oscillator wave functions and an effective phase
space [3, 53]; they did not calculate the open-flavor de-
cays of strange baryons. Our study is more complete, as
it includes many more decay channels (such as, for exam-
ple, decays into Ξ + meson) and a detailed analysis of the
decays of strange baryons. Both calculations, ours and
Capstick and Roberts’ [3, 53], are performed within the
3P0 model, though there are some differences. The main
one is in the pair-creation strength: in Refs. [3, 53] it is a
constant, while in our case we replaced it with an effective
one, γeff0 , to suppress strange quark pair-creation. The
effects of this strangeness-suppression mechanism cannot
be re-absorbed in a redefinition of the model parameters
or in a different choice of the 3P0 model vertex factor.
Whether ss̄ pair-creation has to be suppressed or not
may be evaluated by comparing theoretical predictions
and experimental data for these particular decay chan-
nels. Unfortunately, we think that the large uncertain-
ties on experimental decay widths into channels due to ss̄
pair-creation does not permit a a strong definitive conclu-
sion to be drawn. In our paper, we also compared results
obtained with relativistic or effective phase space factors.
Our conclusion is that the quality of the results for the
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Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1444 85 – – – 13 – – RPSF
281/2[56, 0+

2 ] 1444 108 – 22 EPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1563 134 0 – – 207 – – RPSF
283/2[70, 1≠

1 ] 1563 102 0 342 EPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1563 63 75 – – 16 – – RPSF
281/2[70, 1≠

1 ] 1563 106 86 14 EPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
481/2[70, 1≠

1 ] 1683 41 72 – 0 18 – – RPSF
481/2[70, 1≠

1 ] 1683 71 83 15 EPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1683 47 11 – 0 108 – – RPSF
485/2[70, 1≠

1 ] 1683 29 7 79 EPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1737 121 1 – 0 100 – – RPSF
285/2[56, 2+

1 ] 1737 63 0 99 EPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

483/2[70, 1≠
1 ] 1683 9 3 – 0 561 – – RPSF

483/2[70, 1≠
1 ] 1683 5 2 657 EPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1683 5 9 0 3 56 – – RPSF
281/2[70, 0+

1 ] 1683 11 9 58 EPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1737 111 7 0 14 36 5 0 RPSF
283/2[56, 2+

1 ] 1737 123 7 28 EPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 2≠
1 ] 1975 0 0 0 0 0 0 0 RPSF

483/2[70, 2≠
1 ] 1975 0 0 0 EPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1874 11 12 1 13 63 64 24 RPSF
283/2[70, 2+

1 ] 1874 17 11 33 EPSF
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TABLE VI: As Table III, but for Λ and Λ∗ resonances.

Baryon Status M [MeV] NK Σπ Λη ΞK Σ∗π NK
∗
Σρ Λω

Λ(1600)P01 *** 1560-1700 8− 75 5− 150 Exp.
281/2[56, 0

+
2 ] 1577 79 40 – – 19 – – – RPSF

Λ(1670)S01 **** 1660-1680 5− 15 6− 28 3− 13 Exp.
281/2[70, 1

−
1 ] 1686 217 33 9 – 7 – – – RPSF

Λ(1690)D03 **** 1685-1690 10− 21 10− 28 Exp.
283/2[70, 1

−
1 ] 1686 150 16 0 – 168 – – – RPSF

Λ(1800)S01 *** 1720-1850 50− 160 seen seen Exp.
481/2[70, 1

−
1 ] 1799 0 67 85 – 13 – – – RPSF

Λ(1810)P01 *** 1750-1850 10− 125 5− 100 seen Exp.
281/2[70, 0

+
1 ] 1799 16 4 2 – 40 – – – RPSF

Λ(1820)F05 **** 1815-1825 39− 59 6− 13 4− 9 Exp.
285/2[56, 2

+
1 ] 1849 78 31 1 0 73 – – – RPSF

Λ(1830)D05 **** 1810-1830 2− 11 21− 83 > 9 Exp.
485/2[70, 1

−
1 ] 1799 0 99 9 0 82 – – – RPSF

Λ(1890)P03 **** 1850-1910 12− 70 2− 20 seen Exp.
283/2[56, 2

+
1 ] 1849 96 69 31 2 30 28 – – RPSF

Λ(2110)F05 **** 2090-2140 8− 63 15− 100 seen Exp.
485/2[70, 2

+
1 ] 2074 0 14 3 1 136 0 38 16 RPSF

Λ∗(1405)S01 **** 1402-1410 48− 52 Exp.
211/2[70, 1

−
1 ] 1641 – 230 – – – – – – RPSF

Λ∗(1520)D03 **** 1518-1520 6− 8 6− 7 1 Exp.
213/2[70, 1

−
1 ] 1641 10 17 – – – – – – RPSF

TABLE VII: As Table III, but for Ξ and Ξ∗resonances.

Baryon Status M [MeV] ΣK ΛK Ξπ Ξ∗π

Ξ(1690)S11 *** 1680-1700 Exp.
281/2[70, 1

−
1 ] 1828 58 85 14 0 RPSF

Ξ(1820)D13 *** 1818-1828 2− 18 3− 12 0− 8 2− 18 Exp.
283/2[70, 1

−
1 ] 1828 38 26 6 55 RPSF

Ξ∗(1530)P13 **** 1531-1532 9− 10 Exp.
4103/2[56, 0

+
1 ] 1524 – – 11 – RPSF
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Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1444 85 – – – 13 – – RPSF
281/2[56, 0+

2 ] 1444 108 – 22 EPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1563 134 0 – – 207 – – RPSF
283/2[70, 1≠

1 ] 1563 102 0 342 EPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1563 63 75 – – 16 – – RPSF
281/2[70, 1≠

1 ] 1563 106 86 14 EPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
481/2[70, 1≠

1 ] 1683 41 72 – 0 18 – – RPSF
481/2[70, 1≠

1 ] 1683 71 83 15 EPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1683 47 11 – 0 108 – – RPSF
485/2[70, 1≠

1 ] 1683 29 7 79 EPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1737 121 1 – 0 100 – – RPSF
285/2[56, 2+

1 ] 1737 63 0 99 EPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

483/2[70, 1≠
1 ] 1683 9 3 – 0 561 – – RPSF

483/2[70, 1≠
1 ] 1683 5 2 657 EPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1683 5 9 0 3 56 – – RPSF
281/2[70, 0+

1 ] 1683 11 9 58 EPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1737 111 7 0 14 36 5 0 RPSF
283/2[56, 2+

1 ] 1737 123 7 28 EPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 2≠
1 ] 1975 0 0 0 0 0 0 0 RPSF

483/2[70, 2≠
1 ] 1975 0 0 0 EPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1874 11 12 1 13 63 64 24 RPSF
283/2[70, 2+

1 ] 1874 17 11 33 EPSF
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TABLE VI: As Table III, but for Λ and Λ∗ resonances.

Baryon Status M [MeV] NK Σπ Λη ΞK Σ∗π NK
∗
Σρ Λω

Λ(1600)P01 *** 1560-1700 8− 75 5− 150 Exp.
281/2[56, 0

+
2 ] 1577 79 40 – – 19 – – – RPSF

Λ(1670)S01 **** 1660-1680 5− 15 6− 28 3− 13 Exp.
281/2[70, 1

−
1 ] 1686 217 33 9 – 7 – – – RPSF

Λ(1690)D03 **** 1685-1690 10− 21 10− 28 Exp.
283/2[70, 1

−
1 ] 1686 150 16 0 – 168 – – – RPSF

Λ(1800)S01 *** 1720-1850 50− 160 seen seen Exp.
481/2[70, 1

−
1 ] 1799 0 67 85 – 13 – – – RPSF

Λ(1810)P01 *** 1750-1850 10− 125 5− 100 seen Exp.
281/2[70, 0

+
1 ] 1799 16 4 2 – 40 – – – RPSF

Λ(1820)F05 **** 1815-1825 39− 59 6− 13 4− 9 Exp.
285/2[56, 2

+
1 ] 1849 78 31 1 0 73 – – – RPSF

Λ(1830)D05 **** 1810-1830 2− 11 21− 83 > 9 Exp.
485/2[70, 1

−
1 ] 1799 0 99 9 0 82 – – – RPSF

Λ(1890)P03 **** 1850-1910 12− 70 2− 20 seen Exp.
283/2[56, 2

+
1 ] 1849 96 69 31 2 30 28 – – RPSF

Λ(2110)F05 **** 2090-2140 8− 63 15− 100 seen Exp.
485/2[70, 2

+
1 ] 2074 0 14 3 1 136 0 38 16 RPSF

Λ∗(1405)S01 **** 1402-1410 48− 52 Exp.
211/2[70, 1

−
1 ] 1641 – 230 – – – – – – RPSF

Λ∗(1520)D03 **** 1518-1520 6− 8 6− 7 1 Exp.
213/2[70, 1

−
1 ] 1641 10 17 – – – – – – RPSF

TABLE VII: As Table III, but for Ξ and Ξ∗resonances.

Baryon Status M [MeV] ΣK ΛK Ξπ Ξ∗π

Ξ(1690)S11 *** 1680-1700 Exp.
281/2[70, 1

−
1 ] 1828 58 85 14 0 RPSF

Ξ(1820)D13 *** 1818-1828 2− 18 3− 12 0− 8 2− 18 Exp.
283/2[70, 1

−
1 ] 1828 38 26 6 55 RPSF

Ξ∗(1530)P13 **** 1531-1532 9− 10 Exp.
4103/2[56, 0

+
1 ] 1524 – – 11 – RPSF
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Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1444 85 – – – 13 – – RPSF
281/2[56, 0+

2 ] 1444 108 – 22 EPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1563 134 0 – – 207 – – RPSF
283/2[70, 1≠

1 ] 1563 102 0 342 EPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1563 63 75 – – 16 – – RPSF
281/2[70, 1≠

1 ] 1563 106 86 14 EPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
481/2[70, 1≠

1 ] 1683 41 72 – 0 18 – – RPSF
481/2[70, 1≠

1 ] 1683 71 83 15 EPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1683 47 11 – 0 108 – – RPSF
485/2[70, 1≠

1 ] 1683 29 7 79 EPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1737 121 1 – 0 100 – – RPSF
285/2[56, 2+

1 ] 1737 63 0 99 EPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

483/2[70, 1≠
1 ] 1683 9 3 – 0 561 – – RPSF

483/2[70, 1≠
1 ] 1683 5 2 657 EPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1683 5 9 0 3 56 – – RPSF
281/2[70, 0+

1 ] 1683 11 9 58 EPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1737 111 7 0 14 36 5 0 RPSF
283/2[56, 2+

1 ] 1737 123 7 28 EPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 2≠
1 ] 1975 0 0 0 0 0 0 0 RPSF

483/2[70, 2≠
1 ] 1975 0 0 0 EPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1874 11 12 1 13 63 64 24 RPSF
283/2[70, 2+

1 ] 1874 17 11 33 EPSF
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TABLE VIII: Strong decay widths of missing nucleon resonances (in MeV), calculated with the U(7) Model of Sec. II A and
Refs. [39, 40], in combination with the relativistic phase space factor of Eq. (21) and the values of the model parameters of
Table II (second column). Tentative assignments of one and two star resonances are labeled by ‡.

N Mass Nπ Nη ΣK ΛK ∆π Σ∗K Nρ Nω ΣK∗ ΛK∗ ∆ρ

28J [20, 1
+
1 ] 1713 0 0 0 0 0 – – – – – –

483/2[70, 0
+
1 ] 1796 0 3 5 0 65 – 7 7 – – –

285/2[70, 2
+
1 ] 1874

‡ 106 10 0 3 79 – 161 8 – – –
28J [70, 2

−
1 ] 1874 0 0 0 0 0 – 0 0 – – –

481/2[70, 2
+
1 ] 1975

‡ 1 8 23 0 19 1 9 9 – – –
483/2[70, 2

+
1 ] 1975

‡ 0 4 11 0 109 5 14 14 – – –
485/2[70, 2

+
1 ] 1975

‡ 6 3 1 0 176 6 16 16 – – –
487/2[70, 2

+
1 ] 1975

‡ 25 13 4 0 99 0 5 4 – – –
48J [70, 2

−
1 ] 1975 ‡ 0 0 0 0 0 0 0 0 – – –

281/2[56, 1
−
1 ] 2094 5 1 1 5 3 2 48 6 2 2 14

283/2[56, 1
−
1 ] 2094 ‡ 27 0 0 1 23 1 53 11 0 2 13

281/2[70, 1
−
2 ] 1829 ‡ 42 7 0 1 38 – 0 0 – – –

481/2[70, 1
−
2 ] 1933 8 12 3 0 0 0 0 0 – – –

483/2[70, 1
−
2 ] 1933 0 0 3 0 0 0 0 0 – – –

485/2[70, 1
−
2 ] 1933 0 2 5 0 1 0 0 0 – – –

TABLE IX: As Table VIII, but for missing ∆ resonances.

∆ Mass Nπ ΣK ∆π ∆η Σ∗K Nρ

2101/2[70, 0
+
1 ] 1764

‡ 0 1 70 – – 23
2103/2[70, 2

−
1 ] 1946 0 0 0 0 0 0

2103/2[70, 2
+
1 ] 1947 1 3 106 5 1 80

2105/2[70, 2
+
1 ] 1947

‡ 18 1 107 18 4 32
2101/2[70, 1

−
2 ] 1904

‡ 0 0 0 0 0 0
2103/2[70, 1

−
2 ] 1904 0 0 0 0 0 0
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Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1444 85 – – – 13 – – RPSF
281/2[56, 0+

2 ] 1444 108 – 22 EPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1563 134 0 – – 207 – – RPSF
283/2[70, 1≠

1 ] 1563 102 0 342 EPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1563 63 75 – – 16 – – RPSF
281/2[70, 1≠

1 ] 1563 106 86 14 EPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
481/2[70, 1≠

1 ] 1683 41 72 – 0 18 – – RPSF
481/2[70, 1≠

1 ] 1683 71 83 15 EPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1683 47 11 – 0 108 – – RPSF
485/2[70, 1≠

1 ] 1683 29 7 79 EPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1737 121 1 – 0 100 – – RPSF
285/2[56, 2+

1 ] 1737 63 0 99 EPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

483/2[70, 1≠
1 ] 1683 9 3 – 0 561 – – RPSF

483/2[70, 1≠
1 ] 1683 5 2 657 EPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1683 5 9 0 3 56 – – RPSF
281/2[70, 0+

1 ] 1683 11 9 58 EPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1737 111 7 0 14 36 5 0 RPSF
283/2[56, 2+

1 ] 1737 123 7 28 EPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 2≠
1 ] 1975 0 0 0 0 0 0 0 RPSF

483/2[70, 2≠
1 ] 1975 0 0 0 EPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1874 11 12 1 13 63 64 24 RPSF
283/2[70, 2+

1 ] 1874 17 11 33 EPSF
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TABLE XI: As Table VIII, but for missing Λ (top) and Λ∗

(bottom) resonances.

Λ Mass NK Σπ Λη ΞK Σ∗π Ξ∗K NK
∗
Σρ Λω

483/2[70, 1
−
1 ] 1799 0 15 1 – 447 – – – –

28J [20, 1
+
1 ] 1826 0 0 0 0 0 – – – –

483/2[70, 0
+
1 ] 1904 0 3 4 2 54 – 0 – 0

283/2[70, 2
+
1 ] 1978 27 6 4 10 31 – 56 1 4

285/2[70, 2
+
1 ] 1978 109 12 2 1 58 – 123 3 16

28J [70, 2
−
1 ] 1978 0 0 0 0 0 – 0 0 0

48J [70, 2
−
1 ] 2074 0 0 0 0 0 0 0 0 0

481/2[70, 2
+
1 ] 2075 0 13 11 12 17 1 0 20 9

483/2[70, 2
+
1 ] 2075 0 6 6 6 82 4 0 28 13

487/2[70, 2
+
1 ] 2075 0 51 10 2 57 0 0 1 2

28J [70, 1
−
2 ] 1936 0 0 0 0 0 – 0 – 0

481/2[70, 1
−
2 ] 2034 0 0 0 0 0 0 0 0 0

483/2[70, 1
−
2 ] 2034 0 0 0 0 1 0 0 0 0

485/2[70, 1
−
2 ] 2034 0 0 0 0 0 0 0 0 0

211/2[70, 0
+
1 ] 1756 29 44 14 – – – –

41J [20, 1
+
1 ] 1891 0 0 0 0 0 – –

213/2[70, 2
+
1 ] 1939 35 66 36 17 39 – 6

215/2[70, 2
+
1 ] 1939 88 85 10 0 94 – 15

21J [70, 2
−
1 ] 1939 0 0 0 0 0 – 0

21J [70, 1
−
2 ] 1896 0 0 0 0 0 – 0

TABLE XII: As Table VIII, but for missing Ξ (top) and Ξ∗

(bottom) resonances.

Ξ Mass ΣK ΛK Ξπ Ξη Σ∗K Ξ∗π ΛK
∗

281/2[70, 0
+
1 ] 1932 36 6 1 11 7 13 –

481/2[70, 1
−
1 ] 1932 43 20 69 0 0 4 –

483/2[70, 1
−
1 ] 1932 4 7 22 0 216 152 –

485/2[70, 1
−
1 ] 1932 23 39 132 0 2 19 –

28J [20, 1
+
1 ] 1957 0 0 0 0 0 0 –

283/2[56, 2
+
1 ] 1979 198 7 6 47 4 7 –

285/2[56, 2
+
1 ] 1979 59 5 4 1 20 27 –

483/2[70, 0
+
1 ] 2031 2 1 3 0 24 19 2

281/2[56, 0
+
2 ] 1727 26 4 3 – – 2 –

2101/2[70, 1
−
1 ] 1869 17 10 7 7 – 7 –

2103/2[70, 1
−
1 ] 1869 5 10 9 0 – 61 –

2101/2[70, 0
+
1 ] 1971 2 1 1 2 51 14 –

4103/2[56, 0
+
2 ] 1878 19 16 13 1 – 12 –

TABLE XIII: As Table VIII, but for missing Ω resonances.

Ω Mass ΞK Ξ∗K

2101/2[70, 1
−
1 ] 1989 68 –

2103/2[70, 1
−
1 ] 1989 20 –

2101/2[70, 0
+
1 ] 2085 8 32

4103/2[56, 0
+
2 ] 1998 79 –

TABLE XIV: Parameter values used in the calculations,
in combination with the relativistic phase space factor of
Eq. (21). The parameter values are fitted to a sample
of 9 transitions: ∆ → Nπ, N(1520) → Nπ, N(1535) →

Nπ, N(1650) → Nπ, N(1680) → Nπ, N(1720) → Nπ,
∆(1905) → Nπ, ∆(1910) → Nπ and ∆(1920) → Nπ. The
quantum number assignments for the decaying states are now
taken from the hQM results of Ref. [41, 46] and Table XV.

Parameter Value

γ0 13.319
αb 2.758
αc 2.454
αd 0
mn 0.33
ms 0.55

amplitudes calculated by using a phase space or the other
are similar. Thus, we think that it is preferable to use a
relativistic phase space, in order to reduce the number of
unnecessary parametrizations. Finally, we can say that
both studies are characterized by the same problems (a
few results are far from data, like ΓN(1700)D13→∆π) and
strengths (a great number of data is fitted with a few
parameters); among other things, CR obtained for the
decay widths N(1535)S11 → Nπ, N(1700)D13 → ∆π
and N(1720)P13 → Nρ, the following theoretical results
216 MeV, 778 MeV, and 11 MeV, respectively, which are
to be compared with the experimental data 44−96 MeV,
10− 225 MeV and 105− 340 MeV, respectively.

We can also compare our results with those of Refs.
[23, 40]. Bijker, Iachello and Leviatan (BIL) [23, 40] com-
puted the open-flavor decay amplitudes within a modified
version of the elementary meson emission model (EME),
with two parameters, and used the U(7) algebraic model
to calculate the baryon spectrum. The EME is an effec-
tive model, in which the decay occurs by the emission
of a meson from the decaying hadron. Even though the
EME and 3P0 models share some features, there are im-
portant differences. For example, the internal quark dy-
namics is invisible to the EME vertex, because it does
not depend on the meson internal wave function, which
brings a non-local character to the 3P0 matrix elements.
Moreover, as in the CR case, BIL did not consider a sup-
pression of ss̄ pair-creation, though it has been shown
that this mechanism can be beneficial in meson strong
decays [28, 29, 31]. It can also be shown that it is im-
possible to get a correspondence between EME and 3P0

models, unless the factor in front of the recoil term in the
EME is taken equal to k0/2m = 1. However, this factor
has been taken as a free parameter in BIL (and also in
other EME studies, Refs. [20, 23, 40]) and by fit it came
out to be equal 0.04, which means that the recoil term is
practically absent in BIL. This fact, in combination with
the non local character of the 3P0 model, the quark form
factor and flavor suppression, explain the differences in
the two model predictions. A more detailed explanation
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U(7) Model Results, arXiv:1506.07469
Strong decay widths of three and four star nucleon resonances (in MeV), calculated with the relativistic phase
space factor. The symbols (S) and (D) stand for S and D-wave decays, respectively.

Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1444 85 – – – 13 – – RPSF
281/2[56, 0+

2 ] 1444 108 – 22 EPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1563 134 0 – – 207 – – RPSF
283/2[70, 1≠

1 ] 1563 102 0 342 EPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1563 63 75 – – 16 – – RPSF
281/2[70, 1≠

1 ] 1563 106 86 14 EPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
481/2[70, 1≠

1 ] 1683 41 72 – 0 18 – – RPSF
481/2[70, 1≠

1 ] 1683 71 83 15 EPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1683 47 11 – 0 108 – – RPSF
485/2[70, 1≠

1 ] 1683 29 7 79 EPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1737 121 1 – 0 100 – – RPSF
285/2[56, 2+

1 ] 1737 63 0 99 EPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

483/2[70, 1≠
1 ] 1683 9 3 – 0 561 – – RPSF

483/2[70, 1≠
1 ] 1683 5 2 657 EPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1683 5 9 0 3 56 – – RPSF
281/2[70, 0+

1 ] 1683 11 9 58 EPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1737 111 7 0 14 36 5 0 RPSF
283/2[56, 2+

1 ] 1737 123 7 28 EPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 2≠
1 ] 1975 0 0 0 0 0 0 0 RPSF

483/2[70, 2≠
1 ] 1975 0 0 0 EPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1874 11 12 1 13 63 64 24 RPSF
283/2[70, 2+

1 ] 1874 17 11 33 EPSF

INFN sezione di Genova KL2016, JLAB, 1-3 february 2016

Missing	  	  resonances	  	  



U(7) Sigma missing states

� Mass NK �fi �fi �÷ �K �K �úfi �ú÷ �úK NKú �fl �fl �Ê

481/2[70, 1≠
1 ] 1822 24 11 6 20 10 5 4 – – – – – –

483/2[70, 1≠
1 ] 1822 22 4 8 0 0 602 98 – – – – – –

281/2[70, 0+
1 ] 1822 ‡ 1 20 1 1 0 33 9 – – – – – –

281/2[20, 1+
1 ] 1849 ‡ 0 0 0 0 0 0 0 – – 0 – – –

283/2[20, 1+
1 ] 1849 ‡ 0 0 0 0 0 0 0 – – 0 – – –

283/2[56, 2+
1 ] 1872 4 62 19 23 12 17 6 – – 12 – – –

483/2[70, 0+
1 ] 1926 0 0 0 5 1 65 12 – – 25 – 3 –

283/2[70, 2+
1 ] 1999 1 31 1 7 14 28 8 1 – 26 11 6 1

285/2[70, 2+
1 ] 1999 4 76 6 1 1 60 13 4 – 7 13 21 3

285/2[70, 2≠
1 ] 1999 0 0 0 0 0 0 0 0 – 0 0 0 0

481/2[70, 2+
1 ] 2095 4 2 1 3 4 18 4 4 1 23 5 9 7

483/2[70, 2+
1 ] 2095 2 1 1 2 2 84 18 13 2 39 7 14 11

485/2[70, 2+
1 ] 2095 ‡ 15 3 5 1 0 128 29 18 3 45 8 15 11

487/2[70, 2+
1 ] 2095 69 13 24 2 1 54 15 1 0 17 0 3 1

Elena Santopinto Open-flavor strong decays of Baryons

Missing	  	  resonances	  



U(7) Sigma missing states II

� Mass NK �fi �fi �÷ �K �K �úfi �ú÷ �úK NKú �fl �fl �Ê

481/2[70, 2≠
1 ] 2095 0 0 0 0 0 0 0 0 0 0 0 0 0

483/2[70, 2≠
1 ] 2095 0 0 0 0 0 0 0 0 0 0 0 0 0

485/2[70, 2≠
1 ] 2095 0 0 0 0 0 0 0 0 0 0 0 0 0

487/2[70, 2≠
1 ] 2095 0 0 0 0 0 0 0 0 0 0 0 0 0

281/2[70, 1≠
2 ] 1957 ‡ 0 0 0 0 0 0 0 0 – 0 – 0 –

283/2[70, 1≠
2 ] 1957 0 0 0 0 0 0 0 0 – 0 – 0 –

481/2[70, 1≠
2 ] 2055 0 0 0 0 0 0 0 0 – 0 0 0 0

483/2[70, 1≠
2 ] 2055 0 0 0 0 0 1 0 0 – 0 0 0 0

485/2[70, 1≠
2 ] 2055 0 0 0 0 0 0 0 0 – 0 0 0 0

Elena Santopinto Open-flavor strong decays of Baryons

Missing	  	  resonances	  
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TABLE XI: As Table VIII, but for missing Λ (top) and Λ∗

(bottom) resonances.

Λ Mass NK Σπ Λη ΞK Σ∗π Ξ∗K NK
∗
Σρ Λω

483/2[70, 1
−
1 ] 1799 0 15 1 – 447 – – – –

28J [20, 1
+
1 ] 1826 0 0 0 0 0 – – – –

483/2[70, 0
+
1 ] 1904 0 3 4 2 54 – 0 – 0

283/2[70, 2
+
1 ] 1978 27 6 4 10 31 – 56 1 4

285/2[70, 2
+
1 ] 1978 109 12 2 1 58 – 123 3 16

28J [70, 2
−
1 ] 1978 0 0 0 0 0 – 0 0 0

48J [70, 2
−
1 ] 2074 0 0 0 0 0 0 0 0 0

481/2[70, 2
+
1 ] 2075 0 13 11 12 17 1 0 20 9

483/2[70, 2
+
1 ] 2075 0 6 6 6 82 4 0 28 13

487/2[70, 2
+
1 ] 2075 0 51 10 2 57 0 0 1 2

28J [70, 1
−
2 ] 1936 0 0 0 0 0 – 0 – 0

481/2[70, 1
−
2 ] 2034 0 0 0 0 0 0 0 0 0

483/2[70, 1
−
2 ] 2034 0 0 0 0 1 0 0 0 0

485/2[70, 1
−
2 ] 2034 0 0 0 0 0 0 0 0 0

211/2[70, 0
+
1 ] 1756 29 44 14 – – – –

41J [20, 1
+
1 ] 1891 0 0 0 0 0 – –

213/2[70, 2
+
1 ] 1939 35 66 36 17 39 – 6

215/2[70, 2
+
1 ] 1939 88 85 10 0 94 – 15

21J [70, 2
−
1 ] 1939 0 0 0 0 0 – 0

21J [70, 1
−
2 ] 1896 0 0 0 0 0 – 0

TABLE XII: As Table VIII, but for missing Ξ (top) and Ξ∗

(bottom) resonances.

Ξ Mass ΣK ΛK Ξπ Ξη Σ∗K Ξ∗π ΛK
∗

281/2[70, 0
+
1 ] 1932 36 6 1 11 7 13 –

481/2[70, 1
−
1 ] 1932 43 20 69 0 0 4 –

483/2[70, 1
−
1 ] 1932 4 7 22 0 216 152 –

485/2[70, 1
−
1 ] 1932 23 39 132 0 2 19 –

28J [20, 1
+
1 ] 1957 0 0 0 0 0 0 –

283/2[56, 2
+
1 ] 1979 198 7 6 47 4 7 –

285/2[56, 2
+
1 ] 1979 59 5 4 1 20 27 –

483/2[70, 0
+
1 ] 2031 2 1 3 0 24 19 2

281/2[56, 0
+
2 ] 1727 26 4 3 – – 2 –

2101/2[70, 1
−
1 ] 1869 17 10 7 7 – 7 –

2103/2[70, 1
−
1 ] 1869 5 10 9 0 – 61 –

2101/2[70, 0
+
1 ] 1971 2 1 1 2 51 14 –

4103/2[56, 0
+
2 ] 1878 19 16 13 1 – 12 –

TABLE XIII: As Table VIII, but for missing Ω resonances.

Ω Mass ΞK Ξ∗K

2101/2[70, 1
−
1 ] 1989 68 –

2103/2[70, 1
−
1 ] 1989 20 –

2101/2[70, 0
+
1 ] 2085 8 32

4103/2[56, 0
+
2 ] 1998 79 –

TABLE XIV: Parameter values used in the calculations,
in combination with the relativistic phase space factor of
Eq. (21). The parameter values are fitted to a sample
of 9 transitions: ∆ → Nπ, N(1520) → Nπ, N(1535) →

Nπ, N(1650) → Nπ, N(1680) → Nπ, N(1720) → Nπ,
∆(1905) → Nπ, ∆(1910) → Nπ and ∆(1920) → Nπ. The
quantum number assignments for the decaying states are now
taken from the hQM results of Ref. [41, 46] and Table XV.

Parameter Value

γ0 13.319
αb 2.758
αc 2.454
αd 0
mn 0.33
ms 0.55

amplitudes calculated by using a phase space or the other
are similar. Thus, we think that it is preferable to use a
relativistic phase space, in order to reduce the number of
unnecessary parametrizations. Finally, we can say that
both studies are characterized by the same problems (a
few results are far from data, like ΓN(1700)D13→∆π) and
strengths (a great number of data is fitted with a few
parameters); among other things, CR obtained for the
decay widths N(1535)S11 → Nπ, N(1700)D13 → ∆π
and N(1720)P13 → Nρ, the following theoretical results
216 MeV, 778 MeV, and 11 MeV, respectively, which are
to be compared with the experimental data 44−96 MeV,
10− 225 MeV and 105− 340 MeV, respectively.

We can also compare our results with those of Refs.
[23, 40]. Bijker, Iachello and Leviatan (BIL) [23, 40] com-
puted the open-flavor decay amplitudes within a modified
version of the elementary meson emission model (EME),
with two parameters, and used the U(7) algebraic model
to calculate the baryon spectrum. The EME is an effec-
tive model, in which the decay occurs by the emission
of a meson from the decaying hadron. Even though the
EME and 3P0 models share some features, there are im-
portant differences. For example, the internal quark dy-
namics is invisible to the EME vertex, because it does
not depend on the meson internal wave function, which
brings a non-local character to the 3P0 matrix elements.
Moreover, as in the CR case, BIL did not consider a sup-
pression of ss̄ pair-creation, though it has been shown
that this mechanism can be beneficial in meson strong
decays [28, 29, 31]. It can also be shown that it is im-
possible to get a correspondence between EME and 3P0

models, unless the factor in front of the recoil term in the
EME is taken equal to k0/2m = 1. However, this factor
has been taken as a free parameter in BIL (and also in
other EME studies, Refs. [20, 23, 40]) and by fit it came
out to be equal 0.04, which means that the recoil term is
practically absent in BIL. This fact, in combination with
the non local character of the 3P0 model, the quark form
factor and flavor suppression, explain the differences in
the two model predictions. A more detailed explanation
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U(7) Model Results, arXiv:1506.07469
Strong decay widths of three and four star nucleon resonances (in MeV), calculated with the relativistic phase
space factor. The symbols (S) and (D) stand for S and D-wave decays, respectively.

Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1444 85 – – – 13 – – RPSF
281/2[56, 0+

2 ] 1444 108 – 22 EPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1563 134 0 – – 207 – – RPSF
283/2[70, 1≠

1 ] 1563 102 0 342 EPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1563 63 75 – – 16 – – RPSF
281/2[70, 1≠

1 ] 1563 106 86 14 EPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
481/2[70, 1≠

1 ] 1683 41 72 – 0 18 – – RPSF
481/2[70, 1≠

1 ] 1683 71 83 15 EPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1683 47 11 – 0 108 – – RPSF
485/2[70, 1≠

1 ] 1683 29 7 79 EPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1737 121 1 – 0 100 – – RPSF
285/2[56, 2+

1 ] 1737 63 0 99 EPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

483/2[70, 1≠
1 ] 1683 9 3 – 0 561 – – RPSF

483/2[70, 1≠
1 ] 1683 5 2 657 EPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1683 5 9 0 3 56 – – RPSF
281/2[70, 0+

1 ] 1683 11 9 58 EPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1737 111 7 0 14 36 5 0 RPSF
283/2[56, 2+

1 ] 1737 123 7 28 EPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 2≠
1 ] 1975 0 0 0 0 0 0 0 RPSF

483/2[70, 2≠
1 ] 1975 0 0 0 EPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1874 11 12 1 13 63 64 24 RPSF
283/2[70, 2+

1 ] 1874 17 11 33 EPSF

INFN sezione di Genova KL2016, JLAB, 1-3 february 2016

Missing	  	  resonances	  



U(7) Sigma missing states

� Mass NK �fi �fi �÷ �K �K �úfi �ú÷ �úK NKú �fl �fl �Ê

481/2[70, 1≠
1 ] 1822 24 11 6 20 10 5 4 – – – – – –

483/2[70, 1≠
1 ] 1822 22 4 8 0 0 602 98 – – – – – –

281/2[70, 0+
1 ] 1822 ‡ 1 20 1 1 0 33 9 – – – – – –

281/2[20, 1+
1 ] 1849 ‡ 0 0 0 0 0 0 0 – – 0 – – –

283/2[20, 1+
1 ] 1849 ‡ 0 0 0 0 0 0 0 – – 0 – – –

283/2[56, 2+
1 ] 1872 4 62 19 23 12 17 6 – – 12 – – –

483/2[70, 0+
1 ] 1926 0 0 0 5 1 65 12 – – 25 – 3 –

283/2[70, 2+
1 ] 1999 1 31 1 7 14 28 8 1 – 26 11 6 1

285/2[70, 2+
1 ] 1999 4 76 6 1 1 60 13 4 – 7 13 21 3

285/2[70, 2≠
1 ] 1999 0 0 0 0 0 0 0 0 – 0 0 0 0

481/2[70, 2+
1 ] 2095 4 2 1 3 4 18 4 4 1 23 5 9 7

483/2[70, 2+
1 ] 2095 2 1 1 2 2 84 18 13 2 39 7 14 11

485/2[70, 2+
1 ] 2095 ‡ 15 3 5 1 0 128 29 18 3 45 8 15 11

487/2[70, 2+
1 ] 2095 69 13 24 2 1 54 15 1 0 17 0 3 1

Elena Santopinto Open-flavor strong decays of Baryons

Missing	  	  resonances	  



U(7) Sigma missing states II

� Mass NK �fi �fi �÷ �K �K �úfi �ú÷ �úK NKú �fl �fl �Ê

481/2[70, 2≠
1 ] 2095 0 0 0 0 0 0 0 0 0 0 0 0 0

483/2[70, 2≠
1 ] 2095 0 0 0 0 0 0 0 0 0 0 0 0 0

485/2[70, 2≠
1 ] 2095 0 0 0 0 0 0 0 0 0 0 0 0 0

487/2[70, 2≠
1 ] 2095 0 0 0 0 0 0 0 0 0 0 0 0 0

281/2[70, 1≠
2 ] 1957 ‡ 0 0 0 0 0 0 0 0 – 0 – 0 –

283/2[70, 1≠
2 ] 1957 0 0 0 0 0 0 0 0 – 0 – 0 –

481/2[70, 1≠
2 ] 2055 0 0 0 0 0 0 0 0 – 0 0 0 0

483/2[70, 1≠
2 ] 2055 0 0 0 0 0 1 0 0 – 0 0 0 0

485/2[70, 1≠
2 ] 2055 0 0 0 0 0 0 0 0 – 0 0 0 0

Elena Santopinto Open-flavor strong decays of Baryons

Missing	  	  resonances	  
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TABLE VIII: Strong decay widths of missing nucleon resonances (in MeV), calculated with the U(7) Model of Sec. II A and
Refs. [39, 40], in combination with the relativistic phase space factor of Eq. (21) and the values of the model parameters of
Table II (second column). Tentative assignments of one and two star resonances are labeled by ‡.

N Mass Nπ Nη ΣK ΛK ∆π Σ∗K Nρ Nω ΣK∗ ΛK∗ ∆ρ

28J [20, 1
+
1 ] 1713 0 0 0 0 0 – – – – – –

483/2[70, 0
+
1 ] 1796 0 3 5 0 65 – 7 7 – – –

285/2[70, 2
+
1 ] 1874

‡ 106 10 0 3 79 – 161 8 – – –
28J [70, 2

−
1 ] 1874 0 0 0 0 0 – 0 0 – – –

481/2[70, 2
+
1 ] 1975

‡ 1 8 23 0 19 1 9 9 – – –
483/2[70, 2

+
1 ] 1975

‡ 0 4 11 0 109 5 14 14 – – –
485/2[70, 2

+
1 ] 1975

‡ 6 3 1 0 176 6 16 16 – – –
487/2[70, 2

+
1 ] 1975

‡ 25 13 4 0 99 0 5 4 – – –
48J [70, 2

−
1 ] 1975 ‡ 0 0 0 0 0 0 0 0 – – –

281/2[56, 1
−
1 ] 2094 5 1 1 5 3 2 48 6 2 2 14

283/2[56, 1
−
1 ] 2094 ‡ 27 0 0 1 23 1 53 11 0 2 13

281/2[70, 1
−
2 ] 1829 ‡ 42 7 0 1 38 – 0 0 – – –

481/2[70, 1
−
2 ] 1933 8 12 3 0 0 0 0 0 – – –

483/2[70, 1
−
2 ] 1933 0 0 3 0 0 0 0 0 – – –

485/2[70, 1
−
2 ] 1933 0 2 5 0 1 0 0 0 – – –

TABLE IX: As Table VIII, but for missing ∆ resonances.

∆ Mass Nπ ΣK ∆π ∆η Σ∗K Nρ

2101/2[70, 0
+
1 ] 1764

‡ 0 1 70 – – 23
2103/2[70, 2

−
1 ] 1946 0 0 0 0 0 0

2103/2[70, 2
+
1 ] 1947 1 3 106 5 1 80

2105/2[70, 2
+
1 ] 1947

‡ 18 1 107 18 4 32
2101/2[70, 1

−
2 ] 1904

‡ 0 0 0 0 0 0
2103/2[70, 1

−
2 ] 1904 0 0 0 0 0 0
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U(7) Model results
The Hypercentral Model results

U(7) Model Results, arXiv:1506.07469
Strong decay widths of three and four star nucleon resonances (in MeV), calculated with the relativistic phase
space factor. The symbols (S) and (D) stand for S and D-wave decays, respectively.

Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1444 85 – – – 13 – – RPSF
281/2[56, 0+

2 ] 1444 108 – 22 EPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1563 134 0 – – 207 – – RPSF
283/2[70, 1≠

1 ] 1563 102 0 342 EPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1563 63 75 – – 16 – – RPSF
281/2[70, 1≠

1 ] 1563 106 86 14 EPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
481/2[70, 1≠

1 ] 1683 41 72 – 0 18 – – RPSF
481/2[70, 1≠

1 ] 1683 71 83 15 EPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1683 47 11 – 0 108 – – RPSF
485/2[70, 1≠

1 ] 1683 29 7 79 EPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1737 121 1 – 0 100 – – RPSF
285/2[56, 2+

1 ] 1737 63 0 99 EPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

483/2[70, 1≠
1 ] 1683 9 3 – 0 561 – – RPSF

483/2[70, 1≠
1 ] 1683 5 2 657 EPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1683 5 9 0 3 56 – – RPSF
281/2[70, 0+

1 ] 1683 11 9 58 EPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1737 111 7 0 14 36 5 0 RPSF
283/2[56, 2+

1 ] 1737 123 7 28 EPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 2≠
1 ] 1975 0 0 0 0 0 0 0 RPSF

483/2[70, 2≠
1 ] 1975 0 0 0 EPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1874 11 12 1 13 63 64 24 RPSF
283/2[70, 2+

1 ] 1874 17 11 33 EPSF

INFN sezione di Genova KL2016, JLAB, 1-3 february 2016

Missing	  	  resonances	  
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TABLE XI: As Table VIII, but for missing Λ (top) and Λ∗

(bottom) resonances.

Λ Mass NK Σπ Λη ΞK Σ∗π Ξ∗K NK
∗
Σρ Λω

483/2[70, 1
−
1 ] 1799 0 15 1 – 447 – – – –

28J [20, 1
+
1 ] 1826 0 0 0 0 0 – – – –

483/2[70, 0
+
1 ] 1904 0 3 4 2 54 – 0 – 0

283/2[70, 2
+
1 ] 1978 27 6 4 10 31 – 56 1 4

285/2[70, 2
+
1 ] 1978 109 12 2 1 58 – 123 3 16

28J [70, 2
−
1 ] 1978 0 0 0 0 0 – 0 0 0

48J [70, 2
−
1 ] 2074 0 0 0 0 0 0 0 0 0

481/2[70, 2
+
1 ] 2075 0 13 11 12 17 1 0 20 9

483/2[70, 2
+
1 ] 2075 0 6 6 6 82 4 0 28 13

487/2[70, 2
+
1 ] 2075 0 51 10 2 57 0 0 1 2

28J [70, 1
−
2 ] 1936 0 0 0 0 0 – 0 – 0

481/2[70, 1
−
2 ] 2034 0 0 0 0 0 0 0 0 0

483/2[70, 1
−
2 ] 2034 0 0 0 0 1 0 0 0 0

485/2[70, 1
−
2 ] 2034 0 0 0 0 0 0 0 0 0

211/2[70, 0
+
1 ] 1756 29 44 14 – – – –

41J [20, 1
+
1 ] 1891 0 0 0 0 0 – –

213/2[70, 2
+
1 ] 1939 35 66 36 17 39 – 6

215/2[70, 2
+
1 ] 1939 88 85 10 0 94 – 15

21J [70, 2
−
1 ] 1939 0 0 0 0 0 – 0

21J [70, 1
−
2 ] 1896 0 0 0 0 0 – 0

TABLE XII: As Table VIII, but for missing Ξ (top) and Ξ∗

(bottom) resonances.

Ξ Mass ΣK ΛK Ξπ Ξη Σ∗K Ξ∗π ΛK
∗

281/2[70, 0
+
1 ] 1932 36 6 1 11 7 13 –

481/2[70, 1
−
1 ] 1932 43 20 69 0 0 4 –

483/2[70, 1
−
1 ] 1932 4 7 22 0 216 152 –

485/2[70, 1
−
1 ] 1932 23 39 132 0 2 19 –

28J [20, 1
+
1 ] 1957 0 0 0 0 0 0 –

283/2[56, 2
+
1 ] 1979 198 7 6 47 4 7 –

285/2[56, 2
+
1 ] 1979 59 5 4 1 20 27 –

483/2[70, 0
+
1 ] 2031 2 1 3 0 24 19 2

281/2[56, 0
+
2 ] 1727 26 4 3 – – 2 –

2101/2[70, 1
−
1 ] 1869 17 10 7 7 – 7 –

2103/2[70, 1
−
1 ] 1869 5 10 9 0 – 61 –

2101/2[70, 0
+
1 ] 1971 2 1 1 2 51 14 –

4103/2[56, 0
+
2 ] 1878 19 16 13 1 – 12 –

TABLE XIII: As Table VIII, but for missing Ω resonances.

Ω Mass ΞK Ξ∗K

2101/2[70, 1
−
1 ] 1989 68 –

2103/2[70, 1
−
1 ] 1989 20 –

2101/2[70, 0
+
1 ] 2085 8 32

4103/2[56, 0
+
2 ] 1998 79 –

TABLE XIV: Parameter values used in the calculations,
in combination with the relativistic phase space factor of
Eq. (21). The parameter values are fitted to a sample
of 9 transitions: ∆ → Nπ, N(1520) → Nπ, N(1535) →

Nπ, N(1650) → Nπ, N(1680) → Nπ, N(1720) → Nπ,
∆(1905) → Nπ, ∆(1910) → Nπ and ∆(1920) → Nπ. The
quantum number assignments for the decaying states are now
taken from the hQM results of Ref. [41, 46] and Table XV.

Parameter Value

γ0 13.319
αb 2.758
αc 2.454
αd 0
mn 0.33
ms 0.55

amplitudes calculated by using a phase space or the other
are similar. Thus, we think that it is preferable to use a
relativistic phase space, in order to reduce the number of
unnecessary parametrizations. Finally, we can say that
both studies are characterized by the same problems (a
few results are far from data, like ΓN(1700)D13→∆π) and
strengths (a great number of data is fitted with a few
parameters); among other things, CR obtained for the
decay widths N(1535)S11 → Nπ, N(1700)D13 → ∆π
and N(1720)P13 → Nρ, the following theoretical results
216 MeV, 778 MeV, and 11 MeV, respectively, which are
to be compared with the experimental data 44−96 MeV,
10− 225 MeV and 105− 340 MeV, respectively.

We can also compare our results with those of Refs.
[23, 40]. Bijker, Iachello and Leviatan (BIL) [23, 40] com-
puted the open-flavor decay amplitudes within a modified
version of the elementary meson emission model (EME),
with two parameters, and used the U(7) algebraic model
to calculate the baryon spectrum. The EME is an effec-
tive model, in which the decay occurs by the emission
of a meson from the decaying hadron. Even though the
EME and 3P0 models share some features, there are im-
portant differences. For example, the internal quark dy-
namics is invisible to the EME vertex, because it does
not depend on the meson internal wave function, which
brings a non-local character to the 3P0 matrix elements.
Moreover, as in the CR case, BIL did not consider a sup-
pression of ss̄ pair-creation, though it has been shown
that this mechanism can be beneficial in meson strong
decays [28, 29, 31]. It can also be shown that it is im-
possible to get a correspondence between EME and 3P0

models, unless the factor in front of the recoil term in the
EME is taken equal to k0/2m = 1. However, this factor
has been taken as a free parameter in BIL (and also in
other EME studies, Refs. [20, 23, 40]) and by fit it came
out to be equal 0.04, which means that the recoil term is
practically absent in BIL. This fact, in combination with
the non local character of the 3P0 model, the quark form
factor and flavor suppression, explain the differences in
the two model predictions. A more detailed explanation
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Quarks models of baryons and mesons

Results
Conclusions

U(7) Model results
The Hypercentral Model results

U(7) Model Results, arXiv:1506.07469
Strong decay widths of three and four star nucleon resonances (in MeV), calculated with the relativistic phase
space factor. The symbols (S) and (D) stand for S and D-wave decays, respectively.

Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1444 85 – – – 13 – – RPSF
281/2[56, 0+

2 ] 1444 108 – 22 EPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1563 134 0 – – 207 – – RPSF
283/2[70, 1≠

1 ] 1563 102 0 342 EPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1563 63 75 – – 16 – – RPSF
281/2[70, 1≠

1 ] 1563 106 86 14 EPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
481/2[70, 1≠

1 ] 1683 41 72 – 0 18 – – RPSF
481/2[70, 1≠

1 ] 1683 71 83 15 EPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1683 47 11 – 0 108 – – RPSF
485/2[70, 1≠

1 ] 1683 29 7 79 EPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1737 121 1 – 0 100 – – RPSF
285/2[56, 2+

1 ] 1737 63 0 99 EPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

483/2[70, 1≠
1 ] 1683 9 3 – 0 561 – – RPSF

483/2[70, 1≠
1 ] 1683 5 2 657 EPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1683 5 9 0 3 56 – – RPSF
281/2[70, 0+

1 ] 1683 11 9 58 EPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1737 111 7 0 14 36 5 0 RPSF
283/2[56, 2+

1 ] 1737 123 7 28 EPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 2≠
1 ] 1975 0 0 0 0 0 0 0 RPSF

483/2[70, 2≠
1 ] 1975 0 0 0 EPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1874 11 12 1 13 63 64 24 RPSF
283/2[70, 2+

1 ] 1874 17 11 33 EPSF

INFN sezione di Genova KL2016, JLAB, 1-3 february 2016

Missing	  	  resonances	  	  	  	  	  	  	  	  	  	  	  	  



U(7) Sigma missing states

� Mass NK �fi �fi �÷ �K �K �úfi �ú÷ �úK NKú �fl �fl �Ê

481/2[70, 1≠
1 ] 1822 24 11 6 20 10 5 4 – – – – – –

483/2[70, 1≠
1 ] 1822 22 4 8 0 0 602 98 – – – – – –

281/2[70, 0+
1 ] 1822 ‡ 1 20 1 1 0 33 9 – – – – – –

281/2[20, 1+
1 ] 1849 ‡ 0 0 0 0 0 0 0 – – 0 – – –

283/2[20, 1+
1 ] 1849 ‡ 0 0 0 0 0 0 0 – – 0 – – –

283/2[56, 2+
1 ] 1872 4 62 19 23 12 17 6 – – 12 – – –

483/2[70, 0+
1 ] 1926 0 0 0 5 1 65 12 – – 25 – 3 –

283/2[70, 2+
1 ] 1999 1 31 1 7 14 28 8 1 – 26 11 6 1

285/2[70, 2+
1 ] 1999 4 76 6 1 1 60 13 4 – 7 13 21 3

285/2[70, 2≠
1 ] 1999 0 0 0 0 0 0 0 0 – 0 0 0 0

481/2[70, 2+
1 ] 2095 4 2 1 3 4 18 4 4 1 23 5 9 7

483/2[70, 2+
1 ] 2095 2 1 1 2 2 84 18 13 2 39 7 14 11

485/2[70, 2+
1 ] 2095 ‡ 15 3 5 1 0 128 29 18 3 45 8 15 11

487/2[70, 2+
1 ] 2095 69 13 24 2 1 54 15 1 0 17 0 3 1

Elena Santopinto Open-flavor strong decays of Baryons

Missing	  	  resonances	  



U(7) Sigma missing states II

� Mass NK �fi �fi �÷ �K �K �úfi �ú÷ �úK NKú �fl �fl �Ê

481/2[70, 2≠
1 ] 2095 0 0 0 0 0 0 0 0 0 0 0 0 0

483/2[70, 2≠
1 ] 2095 0 0 0 0 0 0 0 0 0 0 0 0 0

485/2[70, 2≠
1 ] 2095 0 0 0 0 0 0 0 0 0 0 0 0 0

487/2[70, 2≠
1 ] 2095 0 0 0 0 0 0 0 0 0 0 0 0 0

281/2[70, 1≠
2 ] 1957 ‡ 0 0 0 0 0 0 0 0 – 0 – 0 –

283/2[70, 1≠
2 ] 1957 0 0 0 0 0 0 0 0 – 0 – 0 –

481/2[70, 1≠
2 ] 2055 0 0 0 0 0 0 0 0 – 0 0 0 0

483/2[70, 1≠
2 ] 2055 0 0 0 0 0 1 0 0 – 0 0 0 0

485/2[70, 1≠
2 ] 2055 0 0 0 0 0 0 0 0 – 0 0 0 0

Elena Santopinto Open-flavor strong decays of Baryons

Missing	  	  resonances	  



U(7) Sigmaú missing states III

� Mass NK �fi �fi �÷ �K �K �úfi �ú÷ �úK NKú �fl �fl �Ê

2101/2[70, 1≠
1 ] 1755 4 5 4 11 – 1 30 – – – – – –

2103/2[70, 1≠
1 ] 1755 9 6 14 0 – 181 165 – – – – – –

2101/2[70, 0+
1 ] 1863 0 1 0 1 0 45 39 – – 5 – – –

4101/2[56, 2+
1 ] 2012 12 18 16 35 14 21 17 0 – 24 6 28 76

4103/2[56, 2+
1 ] 2012 6 9 8 18 7 79 69 1 – 35 9 40 106

4105/2[56, 2+
1 ] 2012 11 7 15 1 0 112 101 1 – 37 9 41 106

2103/2[70, 2+
1 ] 2037 ‡ 1 1 1 2 1 38 42 0 0 28 12 36 315

2105/2[70, 2+
1 ] 2037 5 4 7 1 0 63 56 1 0 10 2 9 62

210J [70, 2≠
1 ] 2037 0 0 0 0 0 0 0 0 0 0 0 0 0

4103/2[56, 0+
2 ] 1765 ‡ 8 8 9 1 – 13 38 – – – – – –

2101/2[70, 1≠
2 ] 1996 0 0 0 0 0 0 0 0 – 0 0 0 0

2103/2[70, 1≠
2 ] 1996 0 0 0 0 0 0 0 0 – 0 0 0 0

Elena Santopinto Open-flavor strong decays of Baryons
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TABLE XI: As Table VIII, but for missing Λ (top) and Λ∗

(bottom) resonances.

Λ Mass NK Σπ Λη ΞK Σ∗π Ξ∗K NK
∗
Σρ Λω

483/2[70, 1
−
1 ] 1799 0 15 1 – 447 – – – –

28J [20, 1
+
1 ] 1826 0 0 0 0 0 – – – –

483/2[70, 0
+
1 ] 1904 0 3 4 2 54 – 0 – 0

283/2[70, 2
+
1 ] 1978 27 6 4 10 31 – 56 1 4

285/2[70, 2
+
1 ] 1978 109 12 2 1 58 – 123 3 16

28J [70, 2
−
1 ] 1978 0 0 0 0 0 – 0 0 0

48J [70, 2
−
1 ] 2074 0 0 0 0 0 0 0 0 0

481/2[70, 2
+
1 ] 2075 0 13 11 12 17 1 0 20 9

483/2[70, 2
+
1 ] 2075 0 6 6 6 82 4 0 28 13

487/2[70, 2
+
1 ] 2075 0 51 10 2 57 0 0 1 2

28J [70, 1
−
2 ] 1936 0 0 0 0 0 – 0 – 0

481/2[70, 1
−
2 ] 2034 0 0 0 0 0 0 0 0 0

483/2[70, 1
−
2 ] 2034 0 0 0 0 1 0 0 0 0

485/2[70, 1
−
2 ] 2034 0 0 0 0 0 0 0 0 0

211/2[70, 0
+
1 ] 1756 29 44 14 – – – –

41J [20, 1
+
1 ] 1891 0 0 0 0 0 – –

213/2[70, 2
+
1 ] 1939 35 66 36 17 39 – 6

215/2[70, 2
+
1 ] 1939 88 85 10 0 94 – 15

21J [70, 2
−
1 ] 1939 0 0 0 0 0 – 0

21J [70, 1
−
2 ] 1896 0 0 0 0 0 – 0

TABLE XII: As Table VIII, but for missing Ξ (top) and Ξ∗

(bottom) resonances.

Ξ Mass ΣK ΛK Ξπ Ξη Σ∗K Ξ∗π ΛK
∗

281/2[70, 0
+
1 ] 1932 36 6 1 11 7 13 –

481/2[70, 1
−
1 ] 1932 43 20 69 0 0 4 –

483/2[70, 1
−
1 ] 1932 4 7 22 0 216 152 –

485/2[70, 1
−
1 ] 1932 23 39 132 0 2 19 –

28J [20, 1
+
1 ] 1957 0 0 0 0 0 0 –

283/2[56, 2
+
1 ] 1979 198 7 6 47 4 7 –

285/2[56, 2
+
1 ] 1979 59 5 4 1 20 27 –

483/2[70, 0
+
1 ] 2031 2 1 3 0 24 19 2

281/2[56, 0
+
2 ] 1727 26 4 3 – – 2 –

2101/2[70, 1
−
1 ] 1869 17 10 7 7 – 7 –

2103/2[70, 1
−
1 ] 1869 5 10 9 0 – 61 –

2101/2[70, 0
+
1 ] 1971 2 1 1 2 51 14 –

4103/2[56, 0
+
2 ] 1878 19 16 13 1 – 12 –

TABLE XIII: As Table VIII, but for missing Ω resonances.

Ω Mass ΞK Ξ∗K

2101/2[70, 1
−
1 ] 1989 68 –

2103/2[70, 1
−
1 ] 1989 20 –

2101/2[70, 0
+
1 ] 2085 8 32

4103/2[56, 0
+
2 ] 1998 79 –

TABLE XIV: Parameter values used in the calculations,
in combination with the relativistic phase space factor of
Eq. (21). The parameter values are fitted to a sample
of 9 transitions: ∆ → Nπ, N(1520) → Nπ, N(1535) →

Nπ, N(1650) → Nπ, N(1680) → Nπ, N(1720) → Nπ,
∆(1905) → Nπ, ∆(1910) → Nπ and ∆(1920) → Nπ. The
quantum number assignments for the decaying states are now
taken from the hQM results of Ref. [41, 46] and Table XV.

Parameter Value

γ0 13.319
αb 2.758
αc 2.454
αd 0
mn 0.33
ms 0.55

amplitudes calculated by using a phase space or the other
are similar. Thus, we think that it is preferable to use a
relativistic phase space, in order to reduce the number of
unnecessary parametrizations. Finally, we can say that
both studies are characterized by the same problems (a
few results are far from data, like ΓN(1700)D13→∆π) and
strengths (a great number of data is fitted with a few
parameters); among other things, CR obtained for the
decay widths N(1535)S11 → Nπ, N(1700)D13 → ∆π
and N(1720)P13 → Nρ, the following theoretical results
216 MeV, 778 MeV, and 11 MeV, respectively, which are
to be compared with the experimental data 44−96 MeV,
10− 225 MeV and 105− 340 MeV, respectively.

We can also compare our results with those of Refs.
[23, 40]. Bijker, Iachello and Leviatan (BIL) [23, 40] com-
puted the open-flavor decay amplitudes within a modified
version of the elementary meson emission model (EME),
with two parameters, and used the U(7) algebraic model
to calculate the baryon spectrum. The EME is an effec-
tive model, in which the decay occurs by the emission
of a meson from the decaying hadron. Even though the
EME and 3P0 models share some features, there are im-
portant differences. For example, the internal quark dy-
namics is invisible to the EME vertex, because it does
not depend on the meson internal wave function, which
brings a non-local character to the 3P0 matrix elements.
Moreover, as in the CR case, BIL did not consider a sup-
pression of ss̄ pair-creation, though it has been shown
that this mechanism can be beneficial in meson strong
decays [28, 29, 31]. It can also be shown that it is im-
possible to get a correspondence between EME and 3P0

models, unless the factor in front of the recoil term in the
EME is taken equal to k0/2m = 1. However, this factor
has been taken as a free parameter in BIL (and also in
other EME studies, Refs. [20, 23, 40]) and by fit it came
out to be equal 0.04, which means that the recoil term is
practically absent in BIL. This fact, in combination with
the non local character of the 3P0 model, the quark form
factor and flavor suppression, explain the differences in
the two model predictions. A more detailed explanation

Introduction
Quarks models of baryons and mesons

Results
Conclusions

U(7) Model results
The Hypercentral Model results

U(7) Model Results, arXiv:1506.07469
Strong decay widths of three and four star nucleon resonances (in MeV), calculated with the relativistic phase
space factor. The symbols (S) and (D) stand for S and D-wave decays, respectively.

Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1444 85 – – – 13 – – RPSF
281/2[56, 0+

2 ] 1444 108 – 22 EPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1563 134 0 – – 207 – – RPSF
283/2[70, 1≠

1 ] 1563 102 0 342 EPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1563 63 75 – – 16 – – RPSF
281/2[70, 1≠

1 ] 1563 106 86 14 EPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
481/2[70, 1≠

1 ] 1683 41 72 – 0 18 – – RPSF
481/2[70, 1≠

1 ] 1683 71 83 15 EPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1683 47 11 – 0 108 – – RPSF
485/2[70, 1≠

1 ] 1683 29 7 79 EPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1737 121 1 – 0 100 – – RPSF
285/2[56, 2+

1 ] 1737 63 0 99 EPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

483/2[70, 1≠
1 ] 1683 9 3 – 0 561 – – RPSF

483/2[70, 1≠
1 ] 1683 5 2 657 EPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1683 5 9 0 3 56 – – RPSF
281/2[70, 0+

1 ] 1683 11 9 58 EPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1737 111 7 0 14 36 5 0 RPSF
283/2[56, 2+

1 ] 1737 123 7 28 EPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 2≠
1 ] 1975 0 0 0 0 0 0 0 RPSF

483/2[70, 2≠
1 ] 1975 0 0 0 EPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1874 11 12 1 13 63 64 24 RPSF
283/2[70, 2+

1 ] 1874 17 11 33 EPSF

INFN sezione di Genova KL2016, JLAB, 1-3 february 2016

Missing	  	  resonances	  
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TABLE XV: Strong decay widths of three- and four-star nucleon resonances (in MeV), calculated with the Hypercentral QM
of Sec. II B and Refs. [41, 46], in combination with the relativistic phase space factor (RPSF) of Eq. (21) and the values of
the model parameters of Table XIV. The experimental values are taken from Ref. [1]. Decay channels labeled by – are below
threshold. The symbols (S) and (D) stand for S and D-wave decays, respectively.

Resonance Status M [MeV] Nπ Nη ΣK ΛK ∆π Nρ Nω

N(1440)P11 **** 1430-1470 110− 338 0− 5 22− 101 Exp.
281/2[56, 0

+
2 ] 1550 105 – – – 12 – – RPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1

−
1 ] 1525 111 0 – – 206 – – RPSF

N(1535)S11 **** 1520-1555 44− 96 40− 91 < 2 Exp.
281/2[70, 1

−
1 ] 1525 84 50 – – 6 – – RPSF

N(1650)S11 **** 1640-1680 60− 162 6− 27 4− 20 0− 45 Exp.
281/2[70, 1

−
2 ] 1574 51 29 – 0 4 – – RPSF

N(1675)D15 **** 1670-1685 46− 74 0− 2 < 2 65− 99 Exp.
485/2[70, 1

−
1 ] 1579 41 9 – – 85 – – RPSF

N(1680)F15 **** 1675-1690 78− 98 0− 1 6− 21 Exp.
285/2[56, 2

+
1 ] 1798 91 0 0 0 92 – – RPSF

N(1700)D13 *** 1650-1750 7− 43 0− 3 < 8 10− 225 (S) Exp.
< 50 (D)

283/2[70, 1
−
2 ] 1606 0 0 0 0 0 – – RPSF

N(1710)P11 *** 1680-1740 3− 50 5− 75 3− 63 8− 100 3− 63 Exp.
281/2[70, 0

+
1 ] 1808 18 12 0 14.1 70 – – RPSF

N(1720)P13 **** 1650-1750 12− 56 5− 20 2− 60 90− 360 105− 340 Exp.
283/2[56, 2

+
1 ] 1797 141 8 0 12 30 77 5 RPSF

N(1875)D13 *** 1820-1920 3− 70 0− 22 0− 4 48− 192 (S) 0− 38 22− 90 Exp.
11− 86 (D) Exp.

483/2[70, 1
−
1 ] 1899 14 8 2 0 560 80 82 RPSF

N(1900)P13 *** 1875-1935 20− 37 24− 44 6− 26 0− 37 75− 120 Exp.
283/2[70, 2

+
1 ] 1853 15 12 1 13 70 53 23 RPSF

Introduction
Quarks models of baryons and mesons

Results
Conclusions

U(7) Model results
The Hypercentral Model results

Results for Hypercentral Model
Strong decay widths of three and four star nucleon resonances (in MeV), calculated with the relativistic phase
space factor. The symbols (S) and (D) stand for S and D-wave decays, respectively. hQM CASE

Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1550 105 – – – 12 – – RPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1525 111 0 – – 206 – – RPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1525 84 50 – – 6 – – RPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
281/2[70, 1≠

2 ] 1574 51 29 – 0 4 – – RPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1579 41 9 – – 85 – – RPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1798 91 0 0 0 92 – – RPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

283/2[70, 1≠
2 ] 1606 0 0 0 0 0 – – RPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1808 18 12 0 14.1 70 – – RPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1797 141 8 0 12 30 77 5 RPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 1≠
1 ] 1899 14 8 2 0 560 80 82 RPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1853 15 12 1 13 70 53 23 RPSF

INFN sezione di Genova KL2016, JLAB, 1-3 february 2016

3*	  and	  4*	  states	  



14

TABLE XVI: As Table III, but for ∆ resonances. The symbols (S), (P ), (D) and (F ) stand for S-, P -, D- and F -wave decays,
respectively.

Resonance Status M [MeV] Nπ ΣK ∆π ∆η Σ∗K Nρ

∆(1232)P33 **** 1230-1234 114 − 120 Exp.
4103/2[56, 0

+
1 ] 1240 63 – – – – – RPSF

∆(1600)P33 *** 1550-1700 22− 105 88− 294 < 88 Exp.
4103/2[56, 0

+
2 ] 1727 31 – 69 – – – RPSF

∆(1620)S31 **** 1615-1675 26− 45 39− 90 9− 38 Exp.
2101/2[70, 1

−
1 ] 1584 9 – 59 – – – RPSF

∆(1700)D33 **** 1670-1770 20− 80 50− 200 (S) 6− 28 48− 165 Exp.
10− 60 (D)

2103/2[70, 1
−
1 ] 1584 40 – 333 – – – RPSF

∆(1905)F35 **** 1855-1910 24− 60 < 100 > 162 Exp.
4105/2[56, 2

+
1 ] 1844 26 0 182 15 – 88 RPSF

∆(1910)P31 **** 1860-1910 33− 102 9− 48 70− 299 Exp.
4101/2[56, 2

+
1 ] 1871 49 38 34 4 – 60 RPSF

∆(1920)P33 *** 1900-1970 9− 60 3− 7 18− 102 (P ) 13− 69 0 Exp.
45− 195 (F )

4103/2[56, 2
+
1 ] 1856 17 22 137 20 – 102 RPSF

∆(1950)F37 **** 1940-1960 82− 151 1− 2 47− 101 < 34 Exp.
4107/2[56, 2

+
1 ] 1851 146 3 70 1 – 16 RPSF

TABLE XVII: Strong decay widths of missing nucleon resonances (in MeV), calculated with the Hypercentral QM of Sec. II B
and Refs. [41, 46], in combination with the relativistic phase space factor of Eq. (21) and the values of the model parameters
of Table XIV. Tentative assignments of one and two star resonances are labeled by ‡.

N Mass Nπ Nη ΣK ΛK ∆π Σ∗K Nρ Nω ΣK∗ ΛK∗ ∆ρ

483/2[70, 2
+
1 ] 1835 4 8 7 0 97 - 8 7 - - -

281/2[20, 1
+
1 ] 1836 0 0 0 0 0 - 0 0 - - -

283/2[20, 1
+
1 ] 1836 0 0 0 0 0 - 0 0 - - -

481/2[70, 2
+
1 ] 1839

‡ 8 16 15 0 27 - 6 5 - - -
487/2[70, 2

+
1 ] 1840

‡ 12 4 0 0 25 - 0 0 - - -
485/2[70, 2

+
1 ] 1844

‡ 3 1 0 0 137 - 9 8 - - -
485/2[70, 2

+
1 ] 1851

‡ 3 1 0 0 137 - 9 9 - - -
483/2[70, 0

+
1 ] 1863

‡ 0 4 22 0 83 - 12 12 - - -
481/2[70, 1

−
1 ] 1887 ‡ 0 22 119 0 87 - 32 32 - - -

481/2[70, 1
−
2 ] 1937 0 0 0 0 0 - 0 0 - - -

485/2[70, 1
−
2 ] 1942 ‡ 0 0 0 0 0 0 0 0 - - -

281/2[56, 0
+
3 ] 1943

‡ 0 0 0 0 0 0 0 0 - - -
483/2[70, 1

−
2 ] 1969 0 0 0 0 0 0 0 0 - - -
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Results for Hypercentral Model
Strong decay widths of three and four star nucleon resonances (in MeV), calculated with the relativistic phase
space factor. The symbols (S) and (D) stand for S and D-wave decays, respectively. hQM CASE

Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1550 105 – – – 12 – – RPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1525 111 0 – – 206 – – RPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1525 84 50 – – 6 – – RPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
281/2[70, 1≠

2 ] 1574 51 29 – 0 4 – – RPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1579 41 9 – – 85 – – RPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1798 91 0 0 0 92 – – RPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

283/2[70, 1≠
2 ] 1606 0 0 0 0 0 – – RPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1808 18 12 0 14.1 70 – – RPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1797 141 8 0 12 30 77 5 RPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 1≠
1 ] 1899 14 8 2 0 560 80 82 RPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1853 15 12 1 13 70 53 23 RPSF
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TABLE XVI: As Table III, but for ∆ resonances. The symbols (S), (P ), (D) and (F ) stand for S-, P -, D- and F -wave decays,
respectively.

Resonance Status M [MeV] Nπ ΣK ∆π ∆η Σ∗K Nρ

∆(1232)P33 **** 1230-1234 114 − 120 Exp.
4103/2[56, 0

+
1 ] 1240 63 – – – – – RPSF

∆(1600)P33 *** 1550-1700 22− 105 88− 294 < 88 Exp.
4103/2[56, 0

+
2 ] 1727 31 – 69 – – – RPSF

∆(1620)S31 **** 1615-1675 26− 45 39− 90 9− 38 Exp.
2101/2[70, 1

−
1 ] 1584 9 – 59 – – – RPSF

∆(1700)D33 **** 1670-1770 20− 80 50− 200 (S) 6− 28 48− 165 Exp.
10− 60 (D)

2103/2[70, 1
−
1 ] 1584 40 – 333 – – – RPSF

∆(1905)F35 **** 1855-1910 24− 60 < 100 > 162 Exp.
4105/2[56, 2

+
1 ] 1844 26 0 182 15 – 88 RPSF

∆(1910)P31 **** 1860-1910 33− 102 9− 48 70− 299 Exp.
4101/2[56, 2

+
1 ] 1871 49 38 34 4 – 60 RPSF

∆(1920)P33 *** 1900-1970 9− 60 3− 7 18− 102 (P ) 13− 69 0 Exp.
45− 195 (F )

4103/2[56, 2
+
1 ] 1856 17 22 137 20 – 102 RPSF

∆(1950)F37 **** 1940-1960 82− 151 1− 2 47− 101 < 34 Exp.
4107/2[56, 2

+
1 ] 1851 146 3 70 1 – 16 RPSF

TABLE XVII: Strong decay widths of missing nucleon resonances (in MeV), calculated with the Hypercentral QM of Sec. II B
and Refs. [41, 46], in combination with the relativistic phase space factor of Eq. (21) and the values of the model parameters
of Table XIV. Tentative assignments of one and two star resonances are labeled by ‡.

N Mass Nπ Nη ΣK ΛK ∆π Σ∗K Nρ Nω ΣK∗ ΛK∗ ∆ρ

483/2[70, 2
+
1 ] 1835 4 8 7 0 97 - 8 7 - - -

281/2[20, 1
+
1 ] 1836 0 0 0 0 0 - 0 0 - - -

283/2[20, 1
+
1 ] 1836 0 0 0 0 0 - 0 0 - - -

481/2[70, 2
+
1 ] 1839

‡ 8 16 15 0 27 - 6 5 - - -
487/2[70, 2

+
1 ] 1840

‡ 12 4 0 0 25 - 0 0 - - -
485/2[70, 2

+
1 ] 1844

‡ 3 1 0 0 137 - 9 8 - - -
485/2[70, 2

+
1 ] 1851

‡ 3 1 0 0 137 - 9 9 - - -
483/2[70, 0

+
1 ] 1863

‡ 0 4 22 0 83 - 12 12 - - -
481/2[70, 1

−
1 ] 1887 ‡ 0 22 119 0 87 - 32 32 - - -

481/2[70, 1
−
2 ] 1937 0 0 0 0 0 - 0 0 - - -

485/2[70, 1
−
2 ] 1942 ‡ 0 0 0 0 0 0 0 0 - - -

281/2[56, 0
+
3 ] 1943

‡ 0 0 0 0 0 0 0 0 - - -
483/2[70, 1

−
2 ] 1969 0 0 0 0 0 0 0 0 - - -
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Results for Hypercentral Model
Strong decay widths of three and four star nucleon resonances (in MeV), calculated with the relativistic phase
space factor. The symbols (S) and (D) stand for S and D-wave decays, respectively. hQM CASE

Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1550 105 – – – 12 – – RPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1525 111 0 – – 206 – – RPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1525 84 50 – – 6 – – RPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
281/2[70, 1≠

2 ] 1574 51 29 – 0 4 – – RPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1579 41 9 – – 85 – – RPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1798 91 0 0 0 92 – – RPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

283/2[70, 1≠
2 ] 1606 0 0 0 0 0 – – RPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1808 18 12 0 14.1 70 – – RPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1797 141 8 0 12 30 77 5 RPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 1≠
1 ] 1899 14 8 2 0 560 80 82 RPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1853 15 12 1 13 70 53 23 RPSF
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TABLE XVIII: As Table XVII, but for missing ∆ resonances.

∆ Mass Nπ ΣK ∆π ∆η Σ∗K Nρ

2101/2[70, 0
+
1 ] 1832

‡ 0 2 89 7 - 57
2103/2[70, 2

+
1 ] 1843 4 1 43 1 - 51

2101/2[70, 1
−
2 ] 1947 ‡ 0 0 1 0 0 0

2103/2[70, 1
−
2 ] 1947 ‡ 0 0 1 0 0 0

2105/2[70, 2
+
1 ] 1859

‡ 10 0 97 7 - 13
4103/2[56, 0

+
3 ] 2103 0 0 0 0 0 0

TABLE XIX: As Table XVII, but for missing Σ (top) and Σ∗ (bottom) resonances.

Σ Mass NK Σπ Λπ Ση ΞK ∆K Σ∗π Σ∗η Ξ∗K NK
∗
Σρ Λρ Σω ∆K

283/2[56, 2
+
1 ] 1906 4 69 22 19 20 20 7 – – 21 – – – –

481/2[70, 1
−
1 ] 1914 9 7 3 17 22 22 9 – – 100 – – – –

281/2[56, 0
+
3 ] 2050 † 0 0 0 0 0 0 0 – – 0 – – – –

283/2[70, 2
+
1 ] 2072 1 31 1 7 16 39 11 – – 29 – – – –

285/2[70, 2
+
1 ] 2072 5 89 7 3 3 66 15 – – 11 – – – –

281/2[70, 1
−
2 ] 2149 0 0 0 0 0 0 0 0 0 0 0 0 0 0

481/2[70, 2
+
1 ] 2187 3 2 1 3 4 16 3 5 1 21 6 9 2 16

483/2[70, 2
+
1 ] 2187 1 1 1 1 2 91 21 17 5 40 10 15 3 18

485/2[70, 2
+
1 ] 2187 19 3 6 1 0 147 34 23 6 52 10 18 3 49

487/2[70, 2
+
1 ] 2187 83 15 29 2 1 83 21 3 0 30 2 7 1 159

28J [20, 1
+
1 ] 2238 0 0 0 0 0 0 0 0 0 0 0 0 0 0

48J [70, 1
−
2 ] 2263 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4103/2[56, 0
+
2 ] 1883 6 9 8 11 2 68 63 – – 14 – – – –

4103/2[56, 2
+
1 ] 2085 6 9 9 18 8 86 76 2 – 39 25 53 19 –

2103/2[70, 2
+
1 ] 2136 0 1 1 2 1 61 63 0 2 29 25 43 20 1

2105/2[70, 2
+
1 ] 2136 7 5 9 2 0 70 63 1 10 17 7 18 5 4

210J [70, 1
−
2 ] 2212 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Results for Hypercentral Model
Strong decay widths of three and four star nucleon resonances (in MeV), calculated with the relativistic phase
space factor. The symbols (S) and (D) stand for S and D-wave decays, respectively. hQM CASE

Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1550 105 – – – 12 – – RPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1525 111 0 – – 206 – – RPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1525 84 50 – – 6 – – RPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
281/2[70, 1≠

2 ] 1574 51 29 – 0 4 – – RPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1579 41 9 – – 85 – – RPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1798 91 0 0 0 92 – – RPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

283/2[70, 1≠
2 ] 1606 0 0 0 0 0 – – RPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1808 18 12 0 14.1 70 – – RPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1797 141 8 0 12 30 77 5 RPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 1≠
1 ] 1899 14 8 2 0 560 80 82 RPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1853 15 12 1 13 70 53 23 RPSF
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TABLE XVIII: As Table XVII, but for missing ∆ resonances.

∆ Mass Nπ ΣK ∆π ∆η Σ∗K Nρ

2101/2[70, 0
+
1 ] 1832

‡ 0 2 89 7 - 57
2103/2[70, 2

+
1 ] 1843 4 1 43 1 - 51

2101/2[70, 1
−
2 ] 1947 ‡ 0 0 1 0 0 0

2103/2[70, 1
−
2 ] 1947 ‡ 0 0 1 0 0 0

2105/2[70, 2
+
1 ] 1859

‡ 10 0 97 7 - 13
4103/2[56, 0

+
3 ] 2103 0 0 0 0 0 0

TABLE XIX: As Table XVII, but for missing Σ (top) and Σ∗ (bottom) resonances.

Σ Mass NK Σπ Λπ Ση ΞK ∆K Σ∗π Σ∗η Ξ∗K NK
∗
Σρ Λρ Σω ∆K

283/2[56, 2
+
1 ] 1906 4 69 22 19 20 20 7 – – 21 – – – –

481/2[70, 1
−
1 ] 1914 9 7 3 17 22 22 9 – – 100 – – – –

281/2[56, 0
+
3 ] 2050 † 0 0 0 0 0 0 0 – – 0 – – – –

283/2[70, 2
+
1 ] 2072 1 31 1 7 16 39 11 – – 29 – – – –

285/2[70, 2
+
1 ] 2072 5 89 7 3 3 66 15 – – 11 – – – –

281/2[70, 1
−
2 ] 2149 0 0 0 0 0 0 0 0 0 0 0 0 0 0

481/2[70, 2
+
1 ] 2187 3 2 1 3 4 16 3 5 1 21 6 9 2 16

483/2[70, 2
+
1 ] 2187 1 1 1 1 2 91 21 17 5 40 10 15 3 18

485/2[70, 2
+
1 ] 2187 19 3 6 1 0 147 34 23 6 52 10 18 3 49

487/2[70, 2
+
1 ] 2187 83 15 29 2 1 83 21 3 0 30 2 7 1 159

28J [20, 1
+
1 ] 2238 0 0 0 0 0 0 0 0 0 0 0 0 0 0

48J [70, 1
−
2 ] 2263 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4103/2[56, 0
+
2 ] 1883 6 9 8 11 2 68 63 – – 14 – – – –

4103/2[56, 2
+
1 ] 2085 6 9 9 18 8 86 76 2 – 39 25 53 19 –

2103/2[70, 2
+
1 ] 2136 0 1 1 2 1 61 63 0 2 29 25 43 20 1

2105/2[70, 2
+
1 ] 2136 7 5 9 2 0 70 63 1 10 17 7 18 5 4

210J [70, 1
−
2 ] 2212 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Results for Hypercentral Model
Strong decay widths of three and four star nucleon resonances (in MeV), calculated with the relativistic phase
space factor. The symbols (S) and (D) stand for S and D-wave decays, respectively. hQM CASE

Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1550 105 – – – 12 – – RPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1525 111 0 – – 206 – – RPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1525 84 50 – – 6 – – RPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
281/2[70, 1≠

2 ] 1574 51 29 – 0 4 – – RPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1579 41 9 – – 85 – – RPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1798 91 0 0 0 92 – – RPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

283/2[70, 1≠
2 ] 1606 0 0 0 0 0 – – RPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1808 18 12 0 14.1 70 – – RPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1797 141 8 0 12 30 77 5 RPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 1≠
1 ] 1899 14 8 2 0 560 80 82 RPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1853 15 12 1 13 70 53 23 RPSF
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TABLE XXI: As Table XVII, but for missing Ξ (top) and Ξ∗ (bottom) resonances.

Ξ Mass ΣK ΛK Ξπ Ξη Σ∗K Ξ∗π ΛK
∗
ΣK

∗
Ξρ Ξω

281/2[56, 0
+
2 ] 1843 125 6 5 – – 15 – – – –

483/2[70, 1
−
1 ] 2053 8 11 37 0 223 154 – – – –

281/2[56, 0
+
3 ] 2190 0 0 0 0 0 0 0 0 0 0

281/2[70, 1
−
2 ] 2288 0 0 0 0 0 0 0 0 0 0

283/2[70, 1
−
2 ] 2288 0 0 0 0 0 0 0 0 0 0

481/2[70, 2
+
1 ] 2327 3 1 8 1 6 5 8 10 40 1

483/2[70, 2
+
1 ] 2327 2 1 4 0 35 32 16 16 62 1

485/2[70, 2
+
1 ] 2327 6 7 24 0 57 53 20 18 69 1

487/2[70, 2
+
1 ] 2327 26 33 108 1 33 33 11 5 16 0

28J [20, 1
+
1 ] 2377 0 0 0 0 0 0 0 0 0 0

48J [70, 1
−
2 ] 2403 0 0 0 0 0 0 0 0 0 0

4103/2[56, 0
+
2 ] 2022 19 12 13 12 – 24 – – – –

4101/2[56, 2
+
1 ] 2225 33 19 23 35 33 7 40 34 31 16

4103/2[56, 2
+
1 ] 2225 17 10 12 17 133 29 61 50 44 23

4105/2[56, 2
+
1 ] 2225 14 19 16 3 194 44 66 51 45 24

4107/2[56, 2
+
1 ] 2225 64 87 70 13 56 16 13 3 2 1

2101/2[70, 1
−
2 ] 2352 0 0 0 0 0 0 0 0 0 0

2103/2[70, 1
−
2 ] 2352 0 0 0 0 1 0 0 0 0 0

4103/2[56, 0
+
3 ] 2369 0 0 0 0 0 0 0 0 0 0

TABLE XXII: As Table XVII, but for missing Ω resonances.

Ω Mass ΞK Ξ∗K Ωη ΞK
∗

2101/2[70, 1
−
1 ] 2142 26 48 – –

2103/2[70, 1
−
1 ] 2142 68 403 – –

4103/2[56, 0
+
2 ] 2162 68 102 – –

4101/2[56, 2
+
2 ] 2364 109 34 27 155

4103/2[56, 2
+
2 ] 2364 55 137 88 225

4105/2[56, 2
+
2 ] 2364 69 199 117 234

4107/2[56, 2
+
2 ] 2364 308 58 4 23

2101/2[70, 1
−
2 ] 2492 0 0 0 0

2103/2[70, 1
−
2 ] 2492 0 1 0 0

4103/2[56, 0
+
3 ] 2508 0 0 0 0

of other type of models, such as the quark-diquark one.
Moreover, in the case of higher lying states, it would also
be interesting to compare the predictions of three quark
models to those for hybrid baryons, where baryons are de-
scribed as bound states of three constituent quarks and
a constituent gluon [63].
In conclusion, the most important results of our paper

include: 1) the decays of strange baryons into baryon-
vector meson pairs, which have been calculated for the
first time in the QM formalism; 2) the introduction of a
strangeness-suppression mechanism in the baryon sector;
3) a comparison between results obtained using the U(7)
and hQM for the baryon spectrum, which can be useful
to the experimentalists in their search for new baryon res-
onances and in the study of the properties of the already
observed ones; 4) a derivation of the 3P0 amplitudes in

closed form using Jacobi coordinates and of the spin-
flavor couplings, including strangeness-suppression. This
derivation may be helpful to calculate the open-flavor de-
cay amplitudes starting from other models of baryons.

Appendix A: Pair-creation vertex

Analogously to what is done in Ref. [64], we can study
different forms for the pair-creation vertex, to improve
the description of the experimental data. The determi-
nation of the best vertex results from a χ2-analysis based
on a sample of 9 transitions: ∆ → Nπ, N(1520) → Nπ,
N(1535) → Nπ, N(1650) → Nπ, N(1680) → Nπ,
N(1720) → Nπ, ∆(1905) → Nπ, ∆(1910) → Nπ and
∆(1920) → Nπ. The different forms we consider are
given by

V1(2p) = e−α2

dp
2/2

V2(2p) = (1 + γ1p
2) e−α2

dp
2/2

V3(2p) = 1 + γ1 e
−α2

dp
2/2

V4(2p) = 1 + (γ1 + γ2p
2) e−α2

dp
2/2 (A1)

where p2 = ($p4 − $p5)2/4. As observed in Ref. [64],
the forms containing a p0 parameter, such as V ∝
e−α2

d(p−p0)
2

or 1/[(p− p0)2 +B], present a bump around
p − p0, and thus do not show the expected decreasing
behavior. Thus, we do not include them in our analy-
sis. The quality of the description of the experimental
data provided by the four vertices is equivalent (see Ta-
ble XXIII). Thus, we choose the vertex with the smallest
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Results for Hypercentral Model
Strong decay widths of three and four star nucleon resonances (in MeV), calculated with the relativistic phase
space factor. The symbols (S) and (D) stand for S and D-wave decays, respectively. hQM CASE

Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1550 105 – – – 12 – – RPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1525 111 0 – – 206 – – RPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1525 84 50 – – 6 – – RPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
281/2[70, 1≠

2 ] 1574 51 29 – 0 4 – – RPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1579 41 9 – – 85 – – RPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1798 91 0 0 0 92 – – RPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

283/2[70, 1≠
2 ] 1606 0 0 0 0 0 – – RPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1808 18 12 0 14.1 70 – – RPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1797 141 8 0 12 30 77 5 RPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 1≠
1 ] 1899 14 8 2 0 560 80 82 RPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1853 15 12 1 13 70 53 23 RPSF

INFN sezione di Genova KL2016, JLAB, 1-3 february 2016
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TABLE XX: As Table XVII, but for missing Λ (top) and Λ∗

(bottom) resonances.

Λ Mass NK Σπ Λη ΞK Σ∗π Ξ∗K NK
∗
Σρ Λω

483/2[70, 1
−
1 ] 1837 0 15 2 – 477 – – – –

283/2[70, 2
+
1 ] 1995 38 8 0 10 29 – 55 2 4

281/2[70, 1
−
2 ] 2072 0 0 0 0 0 – 0 – 0

283/2[70, 1
−
2 ] 2072 0 0 0 0 0 0 0 0 0

483/2[70, 0
+
1 ] 2110 0 0 1 4 35 11 0 41 8

481/2[70, 2
+
1 ] 2110 0 18 13 12 35 2 0 23 9

483/2[70, 2
+
1 ] 2110 0 10 6 2 87 7 0 33 14

487/2[70, 2
+
1 ] 2110 0 50 10 2 19 0 0 2 2

28J [20, 1
+
1 ] 2160 0 0 0 0 0 0 0 0 0

481/2[70, 1
−
2 ] 2186 0 0 0 0 0 0 0 0 0

483/2[70, 1
−
2 ] 2186 0 0 0 0 1 0 0 0 0

485/2[70, 1
−
2 ] 2186 0 0 0 0 0 0 0 0 0

211/2[70, 1
−
2 ] 2008 0 1 0 0 – – 1 – 0

213/2[70, 1
−
2 ] 2008 0 0 0 0 – – 0 – 0

is contained in Appendix F.
The general quality of our results is comparable to

those of Refs. [23, 40]. Both calculations, ours and
that of Refs. [23, 40], reproduce the general trend of
the data, but, in some cases, they show a few large dis-
agreement with experiments. For example, the results of
Refs. [23, 40] do not agree with the data in the case of
the decays N(1720)P13 → ΛK and N(1440)P11 → ∆π,
where they get null amplitudes, while ours do agree.
On the contrary, our results for other channels, like
N(1520)D13 → ∆π and Λ(1670)S01 → NK̄, do not agree
with the data, being much larger, while those of Refs.
[23, 40] do agree or they are closer.
There was also an attempt to improve the study of

the strong decays using covariant calculations with rel-
ativistic constituent quark models (rCQM) by Melde et

al. [54, 55]. The authors computed the transitions for
all π, η, and K strong decay modes of several well-
established non-strange and strange baryon states, using
the so-called point-form spectator model (PFSM), whose
non relativistic limit is the classic EME; they did not cal-
culate decay amplitudes into baryon-vector meson pairs.
Unfortunately, these results still cannot provide a sat-
isfactory explanation of the experimental decay widths
and, in general, underestimate the available experimental
data. Finally, it is worthwhile to cite the results of a dy-
namical coupled-channels study of πN → ππN reactions
of Ref. [56], where the authors provided a comprehensive
analysis of world data of πN , γN and N(e, e′) reactions,
including a coupled channel model for meson production
reactions considering all possible final states.

V. SUMMARY AND CONCLUSION

We computed the open-flavor strong decays of light
baryons (i.e. made up of u, d, s valence quarks) into

baryon-pseudoscalar and baryon-vector mesons using a
modified version of the 3P0 pair-creation model [10, 11],
in which we considered a flavor-dependent pair-creation
strength to suppress the contributions from heavier qq̄
pairs, like ss̄ with respect to uū (dd̄). The decays of
strange baryons into baryon-vector meson pairs have
been calculated for the first time.

The baryon models, which we used in our study to get
predictions for missing or higher-lying states, were the
U(7) [40] and hypercentral [41, 46] models. The possibil-
ity of using two models to extract the baryon spectrum
makes it possible to give two different points of view, es-
pecially in the study of the energy region above 1.8 − 2
GeV and the related problem of the missing resonances.
Indeed, an important difference between the U(7) and
hQM models is in the number of missing states that they
predict and also in the quantum number predictions for
some *** and **** states, like the N(1875)D13. In a sub-
sequent paper [57], the present results will be extended
up to to an energy region (2.5 GeV) which will be tested
by forthcoming experiments at the JLab.

It is worthwhile to enumerate some of the difficulties
and problems connected to this type of calculations. One
problem is related to the difficulty of assigning quantum
numbers to resonances within a QM. Sometimes, this
can generate strong conflicts between theoretical results
and experimental data. For example, this is the case of
the N(1875)D13, whose decay amplitudes change signifi-
cantly whether we use the 3P0 model in combination with
the U(7) or hQM models. See Tables III and XV. An-
other problem has to do with the large quantity of decay
thresholds, sometimes lying at similar energies or almost
overlapping with one another. Thus, we think that a
more complete study would require the introduction of
continuum coupling effects (i.e. higher Fock components)
in the baryon wave functions. In some cases, the presence
of a threshold can deeply influence the quark structure
of a hadron, close in energy, as in the well-known case
of the X(3872) meson [29, 30, 58, 59]. In this respect,
it is worthwhile to cite the results of the EBAC project,
developed by Matsuyama et al. [60]. This is a dynamical
coupled-channel model for investigating the nucleon res-
onances in the meson production reactions induced by
pions and photons. A similar formalism, which would
make it possible to include meson cloud effects in baryon
and meson open and hidden-flavor decays, will be the
subject of a subsequent paper [61].

Finally, one of the most important points is related to
the problem of the missing resonances. Is this a matter of
degrees of freedom? In this case, the use of other types
of models, characterized by a smaller number of effec-
tive degrees of freedoms, such as the quark-diquark one,
could, at least partially, solve the problem [62]. Other-
wise, does it have to do with the coupling of these missing
states with other types of decay channels, more difficult
to observe? This is still an open question. Thus, we
think that it would be worthwhile to compare the results
for spectrum and decays of a three quark QM to those
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Results for Hypercentral Model
Strong decay widths of three and four star nucleon resonances (in MeV), calculated with the relativistic phase
space factor. The symbols (S) and (D) stand for S and D-wave decays, respectively. hQM CASE

Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1550 105 – – – 12 – – RPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1525 111 0 – – 206 – – RPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1525 84 50 – – 6 – – RPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
281/2[70, 1≠

2 ] 1574 51 29 – 0 4 – – RPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1579 41 9 – – 85 – – RPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1798 91 0 0 0 92 – – RPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

283/2[70, 1≠
2 ] 1606 0 0 0 0 0 – – RPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1808 18 12 0 14.1 70 – – RPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1797 141 8 0 12 30 77 5 RPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 1≠
1 ] 1899 14 8 2 0 560 80 82 RPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1853 15 12 1 13 70 53 23 RPSF
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TABLE XXI: As Table XVII, but for missing Ξ (top) and Ξ∗ (bottom) resonances.

Ξ Mass ΣK ΛK Ξπ Ξη Σ∗K Ξ∗π ΛK
∗
ΣK

∗
Ξρ Ξω

281/2[56, 0
+
2 ] 1843 125 6 5 – – 15 – – – –

483/2[70, 1
−
1 ] 2053 8 11 37 0 223 154 – – – –

281/2[56, 0
+
3 ] 2190 0 0 0 0 0 0 0 0 0 0

281/2[70, 1
−
2 ] 2288 0 0 0 0 0 0 0 0 0 0

283/2[70, 1
−
2 ] 2288 0 0 0 0 0 0 0 0 0 0

481/2[70, 2
+
1 ] 2327 3 1 8 1 6 5 8 10 40 1

483/2[70, 2
+
1 ] 2327 2 1 4 0 35 32 16 16 62 1

485/2[70, 2
+
1 ] 2327 6 7 24 0 57 53 20 18 69 1

487/2[70, 2
+
1 ] 2327 26 33 108 1 33 33 11 5 16 0

28J [20, 1
+
1 ] 2377 0 0 0 0 0 0 0 0 0 0

48J [70, 1
−
2 ] 2403 0 0 0 0 0 0 0 0 0 0

4103/2[56, 0
+
2 ] 2022 19 12 13 12 – 24 – – – –

4101/2[56, 2
+
1 ] 2225 33 19 23 35 33 7 40 34 31 16

4103/2[56, 2
+
1 ] 2225 17 10 12 17 133 29 61 50 44 23

4105/2[56, 2
+
1 ] 2225 14 19 16 3 194 44 66 51 45 24

4107/2[56, 2
+
1 ] 2225 64 87 70 13 56 16 13 3 2 1

2101/2[70, 1
−
2 ] 2352 0 0 0 0 0 0 0 0 0 0

2103/2[70, 1
−
2 ] 2352 0 0 0 0 1 0 0 0 0 0

4103/2[56, 0
+
3 ] 2369 0 0 0 0 0 0 0 0 0 0

TABLE XXII: As Table XVII, but for missing Ω resonances.

Ω Mass ΞK Ξ∗K Ωη ΞK
∗

2101/2[70, 1
−
1 ] 2142 26 48 – –

2103/2[70, 1
−
1 ] 2142 68 403 – –

4103/2[56, 0
+
2 ] 2162 68 102 – –

4101/2[56, 2
+
2 ] 2364 109 34 27 155

4103/2[56, 2
+
2 ] 2364 55 137 88 225

4105/2[56, 2
+
2 ] 2364 69 199 117 234

4107/2[56, 2
+
2 ] 2364 308 58 4 23

2101/2[70, 1
−
2 ] 2492 0 0 0 0

2103/2[70, 1
−
2 ] 2492 0 1 0 0

4103/2[56, 0
+
3 ] 2508 0 0 0 0

of other type of models, such as the quark-diquark one.
Moreover, in the case of higher lying states, it would also
be interesting to compare the predictions of three quark
models to those for hybrid baryons, where baryons are de-
scribed as bound states of three constituent quarks and
a constituent gluon [63].
In conclusion, the most important results of our paper

include: 1) the decays of strange baryons into baryon-
vector meson pairs, which have been calculated for the
first time in the QM formalism; 2) the introduction of a
strangeness-suppression mechanism in the baryon sector;
3) a comparison between results obtained using the U(7)
and hQM for the baryon spectrum, which can be useful
to the experimentalists in their search for new baryon res-
onances and in the study of the properties of the already
observed ones; 4) a derivation of the 3P0 amplitudes in

closed form using Jacobi coordinates and of the spin-
flavor couplings, including strangeness-suppression. This
derivation may be helpful to calculate the open-flavor de-
cay amplitudes starting from other models of baryons.

Appendix A: Pair-creation vertex

Analogously to what is done in Ref. [64], we can study
different forms for the pair-creation vertex, to improve
the description of the experimental data. The determi-
nation of the best vertex results from a χ2-analysis based
on a sample of 9 transitions: ∆ → Nπ, N(1520) → Nπ,
N(1535) → Nπ, N(1650) → Nπ, N(1680) → Nπ,
N(1720) → Nπ, ∆(1905) → Nπ, ∆(1910) → Nπ and
∆(1920) → Nπ. The different forms we consider are
given by

V1(2p) = e−α2

dp
2/2

V2(2p) = (1 + γ1p
2) e−α2

dp
2/2

V3(2p) = 1 + γ1 e
−α2

dp
2/2

V4(2p) = 1 + (γ1 + γ2p
2) e−α2

dp
2/2 (A1)

where p2 = ($p4 − $p5)2/4. As observed in Ref. [64],
the forms containing a p0 parameter, such as V ∝
e−α2

d(p−p0)
2

or 1/[(p− p0)2 +B], present a bump around
p − p0, and thus do not show the expected decreasing
behavior. Thus, we do not include them in our analy-
sis. The quality of the description of the experimental
data provided by the four vertices is equivalent (see Ta-
ble XXIII). Thus, we choose the vertex with the smallest
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Results for Hypercentral Model
Strong decay widths of three and four star nucleon resonances (in MeV), calculated with the relativistic phase
space factor. The symbols (S) and (D) stand for S and D-wave decays, respectively. hQM CASE

Resonance Status M [MeV] Nfi N÷ �K �K �fi Nfl NÊ

N(1440)P11 **** 1430-1470 110 ≠ 338 0 ≠ 5 22 ≠ 101 Exp.
281/2[56, 0+

2 ] 1550 105 – – – 12 – – RPSF

N(1520)D13 **** 1515-1530 102 0 342 Exp.
283/2[70, 1≠

1 ] 1525 111 0 – – 206 – – RPSF

N(1535)S11 **** 1520-1555 44 ≠ 96 40 ≠ 91 < 2 Exp.
281/2[70, 1≠

1 ] 1525 84 50 – – 6 – – RPSF

N(1650)S11 **** 1640-1680 60 ≠ 162 6 ≠ 27 4 ≠ 20 0 ≠ 45 Exp.
281/2[70, 1≠

2 ] 1574 51 29 – 0 4 – – RPSF

N(1675)D15 **** 1670-1685 46 ≠ 74 0 ≠ 2 < 2 65 ≠ 99 Exp.
485/2[70, 1≠

1 ] 1579 41 9 – – 85 – – RPSF

N(1680)F15 **** 1675-1690 78 ≠ 98 0 ≠ 1 6 ≠ 21 Exp.
285/2[56, 2+

1 ] 1798 91 0 0 0 92 – – RPSF

N(1700)D13 *** 1650-1750 7 ≠ 43 0 ≠ 3 < 8 10 ≠ 225 (S) Exp.
< 50 (D)

283/2[70, 1≠
2 ] 1606 0 0 0 0 0 – – RPSF

N(1710)P11 *** 1680-1740 3 ≠ 50 5 ≠ 75 3 ≠ 63 8 ≠ 100 3 ≠ 63 Exp.
281/2[70, 0+

1 ] 1808 18 12 0 14.1 70 – – RPSF

N(1720)P13 **** 1650-1750 12 ≠ 56 5 ≠ 20 2 ≠ 60 90 ≠ 360 105 ≠ 340 Exp.
283/2[56, 2+

1 ] 1797 141 8 0 12 30 77 5 RPSF

N(1875)D13 *** 1820-1920 3 ≠ 70 0 ≠ 22 0 ≠ 4 48 ≠ 192 (S) 0 ≠ 38 22 ≠ 90 Exp.
11 ≠ 86 (D) Exp.

483/2[70, 1≠
1 ] 1899 14 8 2 0 560 80 82 RPSF

N(1900)P13 *** 1875-1935 20 ≠ 37 24 ≠ 44 6 ≠ 26 0 ≠ 37 75 ≠ 120 Exp.
283/2[70, 2+

1 ] 1853 15 12 1 13 70 53 23 RPSF
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in the hQM there are only 13 missing states up 2GeV .
In the case of the resonance 483/2[70, 2+

1 ] we see they have
di�erent mass in both models. However the coupling are not
only related to the phase space factor, since the N÷ and �K
channels are similar but the Nfi and �fi channels have a
di�erent behaviour.
In the other hand in the resonance 487/2[70, 2+

1 ], the widths
seems there is a factor between them, however the �fi
channel breaks this assumption.

Elena Santopinto Open-flavor strong decays of Baryons
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Conclusions

We computed the open-flavor strong decays of light baryons (i.e. made up of u, d, s valence quarks) into
baryon-pseudoscalar and baryon- vector mesons using a 3P0 pair-creation model.
We studied the strong decays in two di�erent constituent quark Models. Some resonances have di�erent
assignments then we have di�erent predictions.
We to suppress heavier quark pair creation, like ss̄ with respect to uū(dd̄)
A large number of decays were described with a few parameters.
Maybe the deviations are due to the meson cloud e�ects or the contribution of the higher Fock
components.
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We	  extended	  the	  predicNons	  of	  CapsNck	  and	  Roberts	  in	  the	  3P0	  
model	   to	   the	   hyperons	   and	  we	   also	   included	   the	   decays	   into	  
baryons	  +	  vector	  mesons.	  
	  
We	   calculated	   the	   strong	   decays	   3P0	   predicNons	   for	   two	  
models:	   the	  U(7)	   and	   the	  hypercentral:	   	   they	   came	  out	   to	  be	  
different	  in	  parNcular	  for	  the	  missing	  states	  
	  
For	  the	  first	  Nme	  	  3P0	  decays	  have	  been	  calculated	  	  for	  baryons	  
taking	   into	   account	   the	   strangeness	   suppression	   and	   all	  
the	   analyNcal	   formula	   and	   couplings	   are	   in	   the	   appendix	   in	  
closed	  form-‐à	  so	  they	  can	  be	  used	  with	  other	  models.	  
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different	   predicNons	   (but	   also	   in	   some	   known	   states	   they	   can	  
give	  different	  predicNons)-‐à>>	  	  tool	  to	  disNnguish	  	  between	  
Different	  	  models	  of	  structure.	  
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TABLE III: The scalar form factors of Eq.(17) for transitions to final states labelled by the quantum

numbers n, lP , where P is the parity. The initial state is n = 1, lP = 0+ and a = 1
2τm .

n lP 〈 n lP | U | 1 0+ 〉

1 0+ 1
(1+k2a2)2

2 1− i√
2

(4
9 )3 24 ka

(1+ 16

9
k2a2)3

2 0+ 16
√

2(4
9)3 (ka)2

(1+ 16

9
k2a2)3

3 2+ − 4√
6

( 9
16)2 (ka)2

(1+ 9

4
k2a2)4

3 1− i
√

2 64 ka
27 ( 9

16 )3
(1+ 27

4
(ka)2)

(1+ 9

4
k2a2)4

3 0+ 4√
3

( 9
16 )2

(1+ 27

4
(ka)2)(ka)2

(1+ 9

4
k2a2)4

article (not least because a relativistic version of the model is required for a good calculation

of form factors), since here we are interested only to explore the qualitative features of the

model and of its results. In particular the quark-diquark model presented here produces

the phenomenon of stretching, which is at the basis of the Regge behavior of hadrons.

The transition radii increase with n and l, as one can see from Table III, or by evaluating

< r2 >n,l=n−1= (2n + 2)(2n + 1) n2

4τ2m2 . In other words, hadrons swell as the angular

momentum increases.

In this article, we present a simple quark-diquark model with a specific direct plus ex-

change interaction. This model reproduces the spectrum just as well as conventional three-

quark models. However, it has far fewer missing resonances than the usual models. Most

importantly, the model produces form factors with power-law behavior as a function of mo-

mentum transfer, in agreement with experimental data. Finally, it shows the phenomenon

of stretching which is at the basis of the Regge behaviour of hadrons.

One may wonder whether there is a unique spectral signature for quark-diquark models.

One of these signatures is the detection of 1+ states which are antisymmetric in all three

quarks. These states, originating from the omitted diquark representation 15 of SUsf(6) are

not present in the quark-diquark model and occur (at different masses) in all models with

three quarks. These missing states may, however, be very difficult to detect since they are

decoupled and cannot be excited with electrons or photons. To excite these states, strongly

interacting particles are needed, for example (!p, !p′) with spin transfer. Another possibility

11E.	  Santopinto,	  PRC72,	  022201	  (2005)	  
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flavor-singlet wave function F45, a spin-triplet wave func-
tion χ45 with spin S = 1 and a solid spherical harmonic
Y1("p4−"p5), since the quark and antiquark are in a relative

P -wave. V ("p4 − "p5) = e−
1

8
α2

d("p4−"p5)
2

is the pair-creation
vertex or quark form factor. If one does not consider the
quark form factor, i.e. αd = 0, the vertex reduces to a
constant (V = 1). See App. A.
In our calculations, we introduce for the first time in

the baryon sector a strange quark pair-suppression mech-
anism analogously to what was done in the charmonium
sector to suppress unphysical heavy quark pair-creation
[28, 29, 31, 38]. The mechanism consists in replacing the
pair-creation strength, γ0, with an effective one, γeff0 ,

γ0 → γeff0 =
mn

mi
γ0 , (24)

with i = n (i.e. u or d) or s. This particular choice for
the pair-creation strength breaks the SU(3)f symmetry
and suppresses the creation of ss̄ pairs. Its effect cannot
be re-absorbed in a redefinition of the model parameters
or in a different choice of the 3P0 model vertex factor.
To our knowledge, a complete analytical derivation of

spin-flavor and spatial matrix elements of the 3P0 pair-
creation model has never been published. In Ref. [16],
the authors derived the spin couplings (excluding the fla-
vor part) and spatial matrix elements, but using an un-
usual set of coordinates. This was done without consider-
ing quark form factor and strangeness-suppression. This
is why we were forced to derive the amplitudes using stan-
dard Jacobi coordinates, in combination with a Gaussian
vertex-smearing function and a strangeness-suppression
mechanism. See App. D, Eq. (D12). The explicit calcu-
lation of the spin-flavor couplings is summarized in App.
E, Eqs. (E5-E17).

C. Mixing between N(1535)S11 and N(1650)S11

To better reproduce the experimental data, we intro-
duce a mixing between N(1535)S11 and N(1650)S11 res-
onances,

|N(1535)S11〉 = |281/2〉 cos θ + |481/2〉 sin θ ,

|N(1650)S11〉 = −|281/2〉 sin θ + |481/2〉 cos θ , (25)

where θ = 38◦ is the mixing angle. This was done in Refs.
[40, 52], to correct the disagreement between experimen-
tal and theoretical results for the helicity amplitudes of
the N(1535)S11 and N(1650)S11 resonances.

IV. OPEN-FLAVOR STRONG DECAYS.
RESULTS AND DISCUSSION

In this section, we present the results of our calcu-
lations of the open-flavor strong decays of non-strange
baryons and hyperons into baryon-pseudoscalar and
baryon-vector mesons, using the U(7) model (see Sec.

TABLE II: 3P0 model parameter values used in the calcula-
tions, in combination with the relativistic phase space factor
of Eq. (21) (column 2) and the effective phase space factor
of Eq. (22) (column 3). The parameter values are obtained
in a fit to the experimental strong decay widths. See App.
A, Table XXIII, last column. The values of the constituent
quark masses mn (n = u, d) and ms are used in the vertex
factor of Eq. (A2), where the pair-creation strength, γ0, is
substituted by an effective one [see Eq. (24)]. αb is the har-
monic oscillator parameter of baryons A and B, αc that of
meson C and αd is the quark form factor parameter.

Parameter Rel. PSF Eff. PSF

γ0 14.3 13.2
αb 2.99 GeV−1 2.69 GeV−1

αc 2.38 GeV−1 2.02 GeV−1

αd 0.52 GeV−1 0.82 GeV−1

mn 0.33 GeV
ms 0.55 GeV

IVA) and hQM model (see Sec. IVB). The decay am-
plitudes are computed in the 3P0 model of Refs. [10, 11]
and Sec. III.

A. Open-flavor strong decays calculated by using
the U(7) model

Here, we show our results for the open-flavor decays
by using the U(7) algebraic model of Sec. II A and Refs.
[39, 40].
The strong decay widths are computed in the 3P0

model using Eqs. (19), (D7) and (D12), by consider-
ing two possible choices for the phase space factor: the
standard relativistic form of Eq. (21) and the effective
phase space factor of Eq. (22). The results obtained
with the relativistic phase space factor (RPSF) and the
model parameters of the second column of Table II are
reported in Tables III–XIII; those obtained with the ef-
fective phase space factor (EPSF) and the model parame-
ters of the third column of Table II are reported in Tables
III–IV. The 3P0 model parameters of Table II are fitted
to a sample of 9 transitions, as discussed in App. A. In
our calculations, whenever available we use the experi-
mental values for the masses of the decaying resonances
from the PDG [1], otherwise the theoretical predictions
of Sec. II A.

B. Open-flavor strong decays calculated by using
the hQM

Below, we provide results for the open-flavor decay
widths of strange and non-strange baryons into light
baryons plus pseudoscalar or vector mesons in the 3P0

model formalism of Sec. III, using the hQM results of
Refs. [41, 46, 51]. For the results, see Tables XV-XVIII.
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TABLE XI: As Table VIII, but for missing Λ (top) and Λ∗

(bottom) resonances.

Λ Mass NK Σπ Λη ΞK Σ∗π Ξ∗K NK
∗
Σρ Λω

483/2[70, 1
−
1 ] 1799 0 15 1 – 447 – – – –

28J [20, 1
+
1 ] 1826 0 0 0 0 0 – – – –

483/2[70, 0
+
1 ] 1904 0 3 4 2 54 – 0 – 0

283/2[70, 2
+
1 ] 1978 27 6 4 10 31 – 56 1 4

285/2[70, 2
+
1 ] 1978 109 12 2 1 58 – 123 3 16

28J [70, 2
−
1 ] 1978 0 0 0 0 0 – 0 0 0

48J [70, 2
−
1 ] 2074 0 0 0 0 0 0 0 0 0

481/2[70, 2
+
1 ] 2075 0 13 11 12 17 1 0 20 9

483/2[70, 2
+
1 ] 2075 0 6 6 6 82 4 0 28 13

487/2[70, 2
+
1 ] 2075 0 51 10 2 57 0 0 1 2

28J [70, 1
−
2 ] 1936 0 0 0 0 0 – 0 – 0

481/2[70, 1
−
2 ] 2034 0 0 0 0 0 0 0 0 0

483/2[70, 1
−
2 ] 2034 0 0 0 0 1 0 0 0 0

485/2[70, 1
−
2 ] 2034 0 0 0 0 0 0 0 0 0

211/2[70, 0
+
1 ] 1756 29 44 14 – – – –

41J [20, 1
+
1 ] 1891 0 0 0 0 0 – –

213/2[70, 2
+
1 ] 1939 35 66 36 17 39 – 6

215/2[70, 2
+
1 ] 1939 88 85 10 0 94 – 15

21J [70, 2
−
1 ] 1939 0 0 0 0 0 – 0

21J [70, 1
−
2 ] 1896 0 0 0 0 0 – 0

TABLE XII: As Table VIII, but for missing Ξ (top) and Ξ∗

(bottom) resonances.

Ξ Mass ΣK ΛK Ξπ Ξη Σ∗K Ξ∗π ΛK
∗

281/2[70, 0
+
1 ] 1932 36 6 1 11 7 13 –

481/2[70, 1
−
1 ] 1932 43 20 69 0 0 4 –

483/2[70, 1
−
1 ] 1932 4 7 22 0 216 152 –

485/2[70, 1
−
1 ] 1932 23 39 132 0 2 19 –

28J [20, 1
+
1 ] 1957 0 0 0 0 0 0 –

283/2[56, 2
+
1 ] 1979 198 7 6 47 4 7 –

285/2[56, 2
+
1 ] 1979 59 5 4 1 20 27 –

483/2[70, 0
+
1 ] 2031 2 1 3 0 24 19 2

281/2[56, 0
+
2 ] 1727 26 4 3 – – 2 –

2101/2[70, 1
−
1 ] 1869 17 10 7 7 – 7 –

2103/2[70, 1
−
1 ] 1869 5 10 9 0 – 61 –

2101/2[70, 0
+
1 ] 1971 2 1 1 2 51 14 –

4103/2[56, 0
+
2 ] 1878 19 16 13 1 – 12 –

TABLE XIII: As Table VIII, but for missing Ω resonances.

Ω Mass ΞK Ξ∗K

2101/2[70, 1
−
1 ] 1989 68 –

2103/2[70, 1
−
1 ] 1989 20 –

2101/2[70, 0
+
1 ] 2085 8 32

4103/2[56, 0
+
2 ] 1998 79 –

TABLE XIV: Parameter values used in the calculations,
in combination with the relativistic phase space factor of
Eq. (21). The parameter values are fitted to a sample
of 9 transitions: ∆ → Nπ, N(1520) → Nπ, N(1535) →

Nπ, N(1650) → Nπ, N(1680) → Nπ, N(1720) → Nπ,
∆(1905) → Nπ, ∆(1910) → Nπ and ∆(1920) → Nπ. The
quantum number assignments for the decaying states are now
taken from the hQM results of Ref. [41, 46] and Table XV.

Parameter Value

γ0 13.319
αb 2.758
αc 2.454
αd 0
mn 0.33
ms 0.55

amplitudes calculated by using a phase space or the other
are similar. Thus, we think that it is preferable to use a
relativistic phase space, in order to reduce the number of
unnecessary parametrizations. Finally, we can say that
both studies are characterized by the same problems (a
few results are far from data, like ΓN(1700)D13→∆π) and
strengths (a great number of data is fitted with a few
parameters); among other things, CR obtained for the
decay widths N(1535)S11 → Nπ, N(1700)D13 → ∆π
and N(1720)P13 → Nρ, the following theoretical results
216 MeV, 778 MeV, and 11 MeV, respectively, which are
to be compared with the experimental data 44−96 MeV,
10− 225 MeV and 105− 340 MeV, respectively.

We can also compare our results with those of Refs.
[23, 40]. Bijker, Iachello and Leviatan (BIL) [23, 40] com-
puted the open-flavor decay amplitudes within a modified
version of the elementary meson emission model (EME),
with two parameters, and used the U(7) algebraic model
to calculate the baryon spectrum. The EME is an effec-
tive model, in which the decay occurs by the emission
of a meson from the decaying hadron. Even though the
EME and 3P0 models share some features, there are im-
portant differences. For example, the internal quark dy-
namics is invisible to the EME vertex, because it does
not depend on the meson internal wave function, which
brings a non-local character to the 3P0 matrix elements.
Moreover, as in the CR case, BIL did not consider a sup-
pression of ss̄ pair-creation, though it has been shown
that this mechanism can be beneficial in meson strong
decays [28, 29, 31]. It can also be shown that it is im-
possible to get a correspondence between EME and 3P0

models, unless the factor in front of the recoil term in the
EME is taken equal to k0/2m = 1. However, this factor
has been taken as a free parameter in BIL (and also in
other EME studies, Refs. [20, 23, 40]) and by fit it came
out to be equal 0.04, which means that the recoil term is
practically absent in BIL. This fact, in combination with
the non local character of the 3P0 model, the quark form
factor and flavor suppression, explain the differences in
the two model predictions. A more detailed explanation


