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Abstract

The properties of ground-state baryons of light-quarks are investigatédli?)-classification scheme of hadrons, recently
proposed by us. I/ (12), in addition to the ordinan6 of SU(6)sr, the existence of the extfa6 with positive-parity and
70 with negative-parity appear as ground-states in lower mass regionVTh#40, A(1600 and X' (1660 have the plausible
properties of masses and strong decay widths as the flavor-octet ob&xthile the ordinary radially-excited octet states are
expected not to be observed as resonances because of their large predicted widths of the decay® tmaeytras. The extra
70 baryons are not observed directly as resonances for the same reason, except for a0, of which properties are
consistently explained through the singlet—octet mixing. The baryon properties in lower mass regions are consistently explained
in U (12) scheme.
0 2005 Elsevier B.V. All rights reserved.
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1. Introduction iments show the clear evidence of the Roper res-
onance N (1440 of the second nucleon state with
positive-parity. The situation is similar faf, A and X
systems. The positive-parith (1600, A(1600 and
(1660 have too light masses to be naturally as-
signed as radially excited states in NRQM. The mass
v Of the negative parityt (1409 is also too light to be
assigned as the first excitgd-multiplet in NRQM.
Recently[1], we have proposed a covariant level-
classification scheme of hadrons based @12
group. In this scheme, the squared-mass spectra of
E-mail address. ishida@phys.meisei-u.ac{M. Ishida). hadrons including light constituent quarks are classi-

The spectroscopy of light-quarikgg baryons is
longstanding problem of hadron physics. The non-
relativistic quark model (NRQM) successfully explain
the properties of ground staf-multiplet of SU(6)
spin-flavor symmetry. On the other hand, NRQ
predicts the negative-parity states as the next low-
lying states from orbital excitation, while the exper-
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Table 1
Flavor-spinor WF of ground-stateqg-baryon. The indicesS, «(B), A represent the completely symmetric, partially symmetric (anti-
symmetric) and completely anti-symmetric WFs of permutation group

U(6)sp Spin-flavor wave function B® U F

565 I0)sIFa)s =1p, 3hsIF)slo)s 45, 10
0. 3)s J5(F)alo)a +1F)glo) p) N 8

706 Z50)alFo)a+10)pIFo)p),  IFo)aqp) = IF)slo)aqp) AT, 10
IF)aplo)s N§» 8
IFoapy = 5 G )alolacp) + 1F)p1o) ) N, 8
IF)aloo)a =1F)a—5(=1p. 3alo)s + 0. 3)glo)a) 49, 1

56 )5l Fa)s = lo.~3)sIF)slo)s 4%, 10
10,35 S5 (Fhalo)a +1F)plo)p) Ny 8

fied as the representation 6%(12) spin-flavor group. while the r does the eigenvalue qgfs at the hadron
In this scheme we have introduced the expansion basesest frame, where,, = vo, = (0;7),,.

of spinor wave functions (WF) of composite hadrons. Because of this extr&8J(2) spin freedom, the
Each spinor index corresponding to light quark free- SU(6)sr is extended toU (12), or more precisely

dom is expanded by free Dirac spinass; (v,,). U (12)stat at the hadron rest frame, d$(12)stat D
W2, x V(©2), x VUE)r (see, Ref.[2]). The
chox ground-stateggg baryons and antibaryons are as-
Uts (V) = (Sh9n~o (S)>a signed as the completely symmetrid2 x 12 x
X(y) 12)sym = 364 representation ot/ (12)stat OF U(12).
ue(0) = <5h9n ~ox" ) (1) The corresponding flavor-spinor W, gc (v,,) are
R chgx® ’ represented by the direct product of flavor and spinor
WFs as

where cl¥, shd = \/(w £1)/2 and thev,, = P, /M =
(nwsg; iw),, is the four velocity of the relevant hadron. Papc W) ~ [Flabeta(V)up)uy (), )
This method is invented for keeping the Lorentz- whereA = (a, @), etc., denote the (flavor, spinor) in-
covariance of the composite system. (Concerning the dices.|F)(u(v)) represents the flavor (spinor) WF. At
U (12) scheme and its group theoretical arguments, seethe rest frame of hadron, the, (v)’s are decomposed
our Ref[2].) We should note both, andu_ is neces- asp ando spin WFs denoted dg, p3/2) and|os/2),
sary for expansion bases of quark spinor index. They respectively. The ground-state baryonslitil2) are
are called urciton spinors for historical reag8h classified as364/2 = 56 + 70¢ + 56 in terms of
The uy ¢ corresponds to the ordinary spinor free- SU(6)sg. The explicit forms of WFs are given ifa-
dom appearing in NRQM, while ther_ ; repre- ble 1
sents the relativistic effect. In thHé(12)-classification The 56 has all the three spinor indices with pos-
scheme, the_ ; is supposed to appear as new degrees itive p3 and p-spin WF is given by the completely
of freedom for light constituents, being independent symmetric|p, %)S. This freedom corresponds to the

of u4 ;. The freedom correspondingndex ofu,  is ones appearing in NRQM, and the corresponding
called p-spin, while the ordinary Pauli-spin freedom states are called Pauli-states (or paulons). 56g
described by ) is calledo -spin, wherep x o corre- includes the N (939-octet and A(1232-decouplet.

sponds to theo decomposition of Diragz matrices. While 70 (56F) have one index (two indices) with
The indexs of u, , represents the eigenvalue &f, negative p3 and are described by the-spin WFs
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