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45/4 for [56]
(C2[SUsp(6)]) = { 33/4 for [70] ,
21/4 for [20]

3 for [8]
(C,[SUR(3)]) = 6 for [10] ,
0 for[1]

(G[SU, Q) =T(T + 1),
(C[SUs(QD) =SS+ 1),
(G [Uy(D]) =Y.
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N(1650)S11 — N(1535)S11 =3C ,
A(1232)P33 — N(938)P11 =3B +3C + 3E ,

N(1535)S11 — N(1440)P11 = (Ey; — E1p) — 34 ,

¥(1193)P33 — N(938)P11 =3E/2-1D ,
A(1116)P33 — N(938)P11 = —D — E/2.
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« m A B C D E
Parameter T g-2) (Mev) (MeV) (MeV) (MeV) (MeV) (MeV)
value 48 14 313 -138 71 383 -197.3 385
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Baryon LZT 2] Status State MExp.[SZ] M[Sl] calc. M[14] calc.
N(938) Py, ****% 28, ,,[56,07] 938 938 939
N(1440) Py, **** 81/,[56,0¥]  1420-1470 14487 1444
N(1535)  §;; **** 28 ,[70,17] 1525-1545 1543.7 1563
N(1520)  Dy3 ****  28,,[70,17]  1515-1525 15437 1563
N(1650)  §;; ****  “8,,[70,17] 1645-1670  1658.6 1683
N(1700)  D;3 ***  %8,,[70,17]  1650-1750 16586 1683
N(1675) D5 **** 85/,[70,17]  1670-1680  1658.6 1683
N(1710) P, **  ?8,,[56,0*] 1680-1740 17954 1683
N(1720)  P;3 ****  28,,[56,2%]  1650-1750  1651.4 1737
N(1680)  Fjs **** 28, ,[56,2%] 1675-1690 16514 1737
A(1232)  Pyy  ***x %104,[56,0%]  1230-1234 1232 1246
A(1600) P33 ***  %10,,[56,0*] 1550-1700 1683 1660
A(1620) S5y ***x 210,,,[70,17] 1615-1675 17228 1649
A(1700) D33 ****  210,,[70,17] 1650-1750 17228 1649
A(1910) Py ***x 410, ,,[56,2%] 1870-1920 19454 1921
A(1920) Pz ***  *105,[56,0*] 1900-1970 20894 1921
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1865-1915
1915-1950
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1630-1690
1665-1685
1730-1800
1770-1780
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1900-1950
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2025-2040

1116
1560-1700
1660-1680
1685-1695
1720-1850
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1818-1828
1531-1532
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1798.7
1798.7
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1650.7

1921
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1872
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1686
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2074
1641
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1828
1524
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13 1
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N(938) P, ****  28,,[56,0%] 939 938 938 939
N(1440) P;; ****  28,,[56,0*] 1410-1450 1443 1429 1462
N(1520) D;3 ****  28,,[70,17] 1510-1520 1550 1522 1548
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Parameter T a(fm™?) po(fm?) x,(fm) aq, b, c, d, e(MeV)
Value 6.5 1.6 0.1 0.5 —-19.6 21.3 383 -197.3 385
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Resonance 2 FY[ISF, L] JP Mrpeor.

N(938) P, 28,/,[56,0%] 1/2* 939
N(1440%19) P, ?8,/,[56,0%] 1/27F 1474
N(1535%19)s,, ?8,/,(70,17] 1/27 1480
N(1520_,0)D13 ?85/,(70,17] 3/2° 1480
N(1650+2%)s,, *81/2(70,17] 1/27 1595
N(1700%25)D;4 *83/,[70,17] 3/2° 1595
N(1675%2)D;s *85/2(70,17] 5/2° 1595
N(1710+39)P,, 28,/,[56,0%] 172" 1712
N(1720%39) P4 ?83/2[56,27] 3/2* 1676
N(1680*%)F,s ?85/,[56,2%] 5/2% 1676
A(123272) P;, *103/,[56,07] 3/2F 1233
A(16007159) P, 105/,[56,07] 3/2% 1767
A(1620%39) S5, 210, ,[70,17] 1/27 1660
A(17007%39) D35 ?105/,[70,17] 3/2° 1660
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A(1905%2,)F;5 *105,,[56,27] 5/2% 1970
A(1910_g,) P53, *10,,[56,2%] 1/2* 1970
A(1920739) P, 105,56, 27] 3/2F 1970
A(1930%79)D5s *105,,[56,17] 5/2° 1980
A(1950_35) F3, *10,/,[56,2%] 7/2% 1970

A(1116)Py, 28, /2[56,0%] 1/27* 1116
A(1600713%) Py, ?8,/,(56,0%] 1/27 1652
A(1670%19) S, ?8,/2[70,17] 1/2° 1658
A(169072) Dys ?85/,(70,17] 3/27 1658
A(1800%59) Sy, *8,/,[70,17] 1/2° 1773
A(1810%29) Py, ?8,/2[56,07] 1/2% 1890
A(1820%2) Fys ?85/2[56,27] 5/2F 1853
A(1830_,0) Dos *85,,[70,17] 5/2° 1773
A(1890%39) Pys ?83/2[56,27] 3/2* 1853
A(2110739) Fys *85,,[70,27] 3/2% 2027
A*(1405%71) Sy, ?11/,(70,17] 1/2° 1594
A*(1520_,) Dy, ?15/,(70,17] 3/2° 1594

¥ (1193) Py, ?8,/,[56,07] 1/2% 1193
2(1660%39) P4 ?8,/,[56,07] 1/2% 1729
2(1670%1%) D5 ?83/2[70,17] 3/27 1735
¥(1750%39) Sy4 ?8,/,[70,17] 1/27 1735
X(1775%2) Dys *85/2(70,17] 5/2° 1850
¥(1915%29) F, ?85/,[56,2%] 5/2% 1885
T (1940%35) Dy5 ?83/,[70,17] 3/2” 1931
%*(1385_,) P;5 105/,[56,07] 3/2% 1373
2*(2030*1%) F,, 10,56, 27] 7/2* 2109
=(13182%) P, ?8,/,[56,07] 1/2% 1333
Z(1820*5) Dy ?85/,(70,17] 3/27 1875
Z(153012) Py #103/,[56,07] 3/2* 1512
Q(1672%1) Py, *103/,[56,07] 3/2F 1652
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Resonance 2S*1F),[[SF], L] JP Mrheor.

N (938) Py, ?8,/2[56,0%] 1/2* 939
N(1440%19) P, ?8,/2[56,07] 1/2% 1390
N(1535%13) 5,1, ?8,/2[70,17] 1/2° 1480
N(1520_,,) D13 ?83/,[70,17] 3/2° 1480
N(1650+2%) 5, *8,/,[70,17] 1/2° 1607
N(1700%25) D,5 83/2[70,17] 3/2° 1607
N(16752) D;5 85,2[70,17] 5/2° 1607
N(17103%) P, ?8,/,[56,0%] 1/2* 1623
N(1720%39) P53 ?85/,[56,2%] 3/2°% 1676
N(1680%1%) F¢ ?85,,[56,27] 5/2% 1676
A(12327%2) Py, 105/,[56,07] 3/2" 1233
A(16007139) P, 103/,[56,0%] 3/2" 1597
A(1620%39) S34 ?104/,(70,17] 1/2° 1660
A(1700%39) D35 ?103/,[70,17] 3/2° 1660
A(1905%2,) Fss *105/,[56,2"] 5/2% 1957
A(1910_s,) P54 10,/,[56,2%] 1/2% 1957
A(1920%39) Py, 103/,[56,2%] 3/2" 1957
A(1930129%) D45 105,,[56,17] 5/2° 1942
A(1950_35) Fy, 10,/,[56,27] 7/2% 1957

A(1116) Py, ?8,/,[56,0%] 1/2°* 1116
A(16007359) Py, ?8,/,[56,07] 1/2% 1652
A(1670%19) Soq ?8,/,(70,17] 1/2° 1658
A(1690*2) D5 ?85/,[70,17] 3/27 1658
A(1800739) Sy, *8,/,[70,17] 1/2° 1773
A(1810129) Py, ?8,/,[56,0%] 1/2* 1890
A(182073) Fys ?85/,[56,2%] 5/2% 1853
A(1830_,,) Dos *85/2[70,17] 5/2° 1773
A(1890729) Py, ?85/,[56,2%] 3/2" 1853
A(2110739) Fys *85,2[70,27] 3/2°% 2027
A*(1405%7) Sy, ?11/2(70,17] 1/2- 1594
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A*(1520_,) Dy, ?15/,[70,17] 3/27 1594
¥ (1193) P, 28, /,[56,0%] 1/2* 1193
T (1660*3%) P, ?8,/2[56,0%] 1/2* 1729
T (1670%1%) Dy ?85/,(70,17] 3/2° 1735
> (1750%39) S14 ?8,/2[70,1~ 1/2° 1735
¥ (1775%) Dy 85/2(70,17] 5/2° 1850
T (1915220) Fi« ?85/,[56,2%] 5/2% 1885
T (1940%10) Dy ?83/,[70,17] 3/2° 1931
2* (1385_,) P;3 105/,[56,07] 3/2°% 1373
2* (2030119 F,, 10,/,[56,27] 7/2% 2109
= (13182%) Py, ?8,/,[56,07] 1/2% 1333
= (1820*%) D4 ?83/,[70,17] 3/2° 1875
2 (1530%2) P4 103/,[56,0%] 3/2* 1512
Q(1672%1) Py, 105/,[56,07] 3/2" 1652
M (MeV)
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Abstract

Due to the importance of analytical solution in various constituent quark models and also
due to the importance of relativistic effects of quarks dynamics in investigation of the
internal structure of baryons, our efforts has been dedicated, to a better and more precise
modeling of quarks dynamics in baryons, in first step, and to insert the relativistic effects,
in next step. So, after a detailed review of the hypercentral constituent quark model, we
presented some improved nonrelativistic and semi-relativistic three-quark models for
investigating the internal structure of the light and strange baryons. Based on hypercentral
approach, we considered the baryons as a three-body bound system without spin and
isospin degrees of freedom and solved the relevant three-body Schrédinger and Klein-
Gordon equations analytically. Thoroughly, we obtain the dominant SU(6)-invariant
spectrum which accounts for the average multiplet energies. Then we treated the spin- and
isospin (flavour)-dependent interactions perturbatively. Due to the fact that there is not
exact analytical solution of Schrddinger (and Klein-Gordon) equation for the well-known
“linear-plus-Coulombic” potential, we developed a suitable approximation for the
problematic linear confining term so that the modified potential is suitable for analytical
purposes. In semi-relativistic case, we considered equal (different) scalar and vector
potentials, and solved the three-body Klein-Gordon equation approximately (exactly). In
both nonrelativistic and semi-relativistic cases, the analytically obtained energy eigenvalues
and eigenfunctions of the three-body problem have been used in the calculations of the
mass spectrum of baryons and electromagnetic elastic form factors of nucleon. The
magnetic moments and charge radii of nucleon have also been calculated. We have
compared the evaluated observables with experimental data and it has been shown that the
presented models provide a good description of the observed resonances.

Keywords: Analytical solution, Three-quark model, Hypercentral approach, Baryon
resonances, Mass apectrum, Charge and magnetic form factors, Charge radii and magnetic

moments
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