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Figure 2. Orbital and radial baryon excitation spectrum. Positive-parity spin- 1
2 nucleons (a) and spectrum gap

between the negative-parity spin- 3
2 and the positive-parity spin- 1

2 nucleons families (b). Minus parity N (c) and
plus and minus parity � families (d), for

p
� = 0.49 GeV (nucleons) and 0.51 GeV (Deltas).

minus-parity spin- 3
2 nucleon families, as indicated by arrows in this figure. This means the respective

assignment ⌫ = L and ⌫ = L+1 for the lower and upper trajectories in Fig. 2 (b). We also note that the
degeneracy of states with the same orbital quantum number L is also well described, as for example
the degeneracy of the L = 1 states N(1650), N(1675) and N(1700) in Fig. 2 (b).

We have also to take into account baryons with negative parity and internal spin S = 1
2 , as well

as baryon states with positive parity and internal spin S = 3
2 such as the �(1232). Those states are

well described by the assignment ⌫ = L + 1
2 . This means, for example, that M2 (+)

n,L,S= 3
2
= M2 (�)

n,L,S= 1
2

and
consequently the positive and negative-parity � states lie in the same trajectory consistent with the
experimental results, as depicted in Fig. 2 (d). The newly found state, the N(1875) [23], depicted in
Fig. 2 (c) is well described as the first radial excitation of the N(1520), and the near degeneracy of
the N(1520) and N(1535) is also well accounted. Likewise, the �(1660) corresponds to the first radial
excitation of the �(1232) as shown in Fig. 2 (d). The model explains the important degeneracy of
the L = 2, �(1905), �(1910), �(1920), �(1950) states which are degenerate within error bars. Our
results for the � states agree with those of Ref. [24]. “Chiral partners" such as the N(1535) and the
N(940) with the same total angular momentum J = 1

2 , but with di↵erent orbital angular momentum
are non-degenerate from the onset. To recapitulate, the parameter ⌫ has the internal spin S and parity
P assignment given in the table below.

Table 1. Orbital assignment for baryon trajectories according to parity and internal spin.

S = 1
2 S = 3

2

P = + ⌫ = L ⌫ = L + 1
2

P = - ⌫ = L + 1
2 ⌫ = L + 1

The assignment ⌫ = L for the lowest trajectory, the proton trajectory, is straightforward and follows
from the mapping of AdS to light-front physics. The assignment for other spin and parity baryons
states given in Table 2.2 is phenomenological. It is expected that further analysis of the di↵erent
quark, or quark–diquark, configurations and symmetries of the baryon wave function will indeed
explain the actual assignment in Table 2.2, which successfully describes the full light baryon orbital
and radial excitation spectrum, and in particular the gap between trajectories with di↵erent parity and
internal spin. The holographic variable ⇣ has a cluster decomposition and thus labels a system of
n-partons as an active quark plus a system of n � 1 spectators [2]. From this perspective, a baryon
with n = 3 looks in light-front holography as a quark–diquark system.


