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The Spectrum

e The physical spectrum and the N, — oo towers

(3/2, 5/2)
N, ,(1700) =
N, (1675)
N,,,(1650) a2 _ r=0
N, (1535) 112,32
N3,(1520) B
(a) (b)

e The N. — 0o QCD prediction are 3 infinite towers labeled by
T=0,1,2s0othat |J - I| <T.

e The towers are irreducible representations of a contracted symmetry
SU (4)., that follows from N scattering consistency relations
[ D. Pirjol, T.M. Yan, PRD57, 1449 (1998), PRD57, 5434 (1998) |.

Question: Is this tower structure still visible in the N, = 3 limit ?
What is the size of the 1 /N, corrections ?
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The quark operator picture

J. L. Goity, Phys. Lett. B 414, 140 (1997);

C. E. Carlson, C. D. Carone, J. L. Goity and R. F. Lebed, PRD59, 114008 (1999);
T. D. Cohen and R. F. Lebed, PRD 67. ¢96005 {2003), hep-ph/0301167 :

D. Pirjol and C. Schat. PRD 67. 096009 (2003) .

Nucleons (I = 3)
e Three quarks of spin + — S =1,3 .

e Orbital angular momentum

L=1 - J=L+S5S=

[ SJIJUR N LJL

[T el o
b

Mass operator:
M = ) CiO
k

e Natural size for the coefficients: C; ~ 500 MeV.
e Basic building blocks for constructing the operators Oy:
The generators of SU(4) ® O(3):
st %, g'° excited quark
S, T, Gio= S Ne t s'éa) (x) Symmetric core
and [* orbital degrees of freedom
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The SU(4) algebra

[Si, S;] = ie€ijnSk
[Ta7 Tb] =  l€agbclc
[Si, Gjal = i€ijkGra
[Taa sz] =  t€abcGic
(Gia, Gjp] = ZéijeabcTc + Zeijk(sabsk

The contracted SU (4). algebra

Gia,
X2 = lim
ra Ne—oo Nc
[Si, Sj] = €Sk
[Taa Tb] — ieabcTc
Si Xi,| = ieijnXp,
T, be_ = ieqpe Xy
0 0]
[Xia7 ij_ = 0
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Large N. QCD

e Large N, counting rules: | g & —&= and (G**) o< N,

( .
C
; o
; m:—?qdy operator
nucleon < . -
K ———
: - Nt
%

\

The order N(? operators are:

O,=N1, 0Oy=1l's', Oz3= -N—l(2)”g‘“c;§“.

(24 = 1 17} — 1259
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Mixing matrices

M B C1N, — %02 \/—Cz 8\/_C
Mz T ~3v3C2 — 5503 CiNe — §C2 — 15Cs |
M _ C1N. + 0, —%Cg + ‘1/—6503_
3/2 50, +¥8C;  eyN.— Lo +1cs |
MN5/2 = ClN - 02 — 1—603 .
Eigenvalues:

5
clNc — (s — gC3 ’

CN.— 1o, + 2c
L 22163’

1
ClN + 02 - "'603 .
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Mixing angles

N(1535) )
N(1650)

N(1520) \ _
N (1700) ) = (
1
T=1,7=")
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The 4 assignments
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ordering of towers:

Leading order fit:

200 400

#1: {My, Ma} > M,
#2: M; > M, > My,
#3 : M, > {My, My},
#4 : My > My > M;.

Ny e e | 2/dotf. | My My My | 61 6
%1 1625 83 —188 | 0338 1660 1525 1679 | 2.563 L.1!
#2| 1617 115 —57| 203 | 1538 1542 1679 | 0.96 1.1t
#3| 1615 —12 = 142 | 94.1 1538 1666 1601 | 0.96 2.7
44| 1592 2 —111| 985 | 1660 1557 1601 | 2.53 2.7
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The 1/N_. corrections

4 1 1
O — l —__—lth, O — —”‘ZSC, O — __Scsc ’
4 s+ N. 1 5 N. 6 N.
1 1
07 = —'—SSC, Og — ——l(z)sSc .

r— -
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On1  ONs3 N.C Oy Cs Cy cs; C&" Cs
#1la 2.18 1.18 1694 83 —187 -5 28 —114 —120
#1b 2.93 0.50 1446 84 —188 —14 —97 333 =272
#2a 0.19 0.58 1466 116 —58 —-29 —138 297 —46
#2b 2,72 1.34 1670 115 —58 | —125 —5o —T71 205
#3a | 1.51 1.77 1758 —11 143 41 211 —230 360
#3b 2.86 2.06 1611 —13 142 | —111 109 35 = 4561
QM 0.61 3.04 1410 —35 123 85 84 39& 49
#4aq | 1.32 0.37 1508 2 —110 186 97 | 222 =360
#4b | 3.00 0.10 1379 2 =110 22 0 454 —245
63
1 4 2 1
AI/g = N1+ §C — 505 + "3:06 - 73;07 ;
1 2 2 1
A;/z = NCC]_ - 602 + 605 + -506 - §C7 .
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. T=2:  T(Ngp - [Nrlp)+T (N3 - [Anlp) =
I'(Nsj — [N7]p) + T(N5/2 = [A]p) -

These relations are broken by 1/N,. terms in the expansion of the
N* — N axial current, and by kinematical phase space effects.

T=0 T=1 T =2
(N = [Nx]ls) =0 (N — [N7]s) = v2cs (N3 — [A7]s) =0

(N%% [Ar]g) = cs

(N% — [An]p) =0 (N% — [A7]|p) = cp1 (N% — [N7]|p) = cp2
(N% — [N7]p) = —2¢cp1 (N% — [A7]p) = —3¢D2
(Ng =~ [Anlp) = —epr (Ng = [N=]p) = \/gcpz

(N5 — [Arlp) = 3/ %ep

Note that these predictions depend crucially on the T assignment of the
excited baryons. In particular, the strong couplings of the T" = O states
are suppressed by 1/N,.. Also, the J = 3/2, T = 2 state is predicted
to decay in a pure D—wave. Therefore one expects these predictions to
be useful for distinguishing among the possible assignments.
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D(Ny ~ [N7ls) : T(Ng — [An]s) = 1: 1" (T=1)

P(N% — [A=]p) : F(N% — [N7]p) : F(N% —[Ax]p)= 2:1:1

P(N% — [N‘II']D) . P(N% —r [AW]D) : F(Ng_ — [Nﬂ']D) : F(Ng_ — [ATF]D)

= %%%% (T = 2).
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Conclusions

We have shown explicitly how the predictions of the SU (4). symmetry
for non-strange excited baryons (the tower structure) follow from the
quark mass operator approach in the large N, limit.

The SU(4). symmetry also predicts a specific pattern for the stromg
decays.

This is a non-trivial prediction of QCD. In the case of the ground state
baryons we would just recover SU (4)spin— flavor-

The main aim of our work was to answer the two (related) questions:

1. are the predictions of large N. SU(4). symmetry still visible in
the observed mass spectrum of the excited baryons?

2. What are the values of the coefficients of the various operators
that enter in the mass operator?

Two possiblities: Assignment #3 requires large O(N_ ") coefficients,
while assignment #1 has small O(Nc_l) corrections.

The expressions for the decays to order O(N_ ') are needed would
provide further constraints (work in progress with N.N. Scoccola and
J.L. Goity). Many more applications possible.
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