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The study of properties of baryon resonances has attracted continuous attention and is
one of the most important topics in hadron physics. The first nucleon resonance with negative
parity, N(1535), has a unique feature of its strong coupling to the ηN state, which allows us
to take relatively clean data to other resonance by using the eta meson in the final state as a
probe of the intermediate N(1535). Recently, the chiral unitary model has been successfully
applied to meson-baryon scatterings, where s-wave baryon resonances, such as Λ(1405) and
N(1535), are described as dynamically generated objects by the ground state mesons and
baryons [1]. In Ref. [2], the magnetic moments were calculated for Λ(1405) and Λ(1670) in
the chiral unitary model. Following that paper, here we calculate the magnetic moments of
N(1535) in the chiral unitary model. Recently, the resonance magnetic moments were studied
also in the quark model [3], and therefore, the present study provides one of the alternative
descriptions.

The s-wave scattering amplitudes of the meson and baryon are obtained by the chiral
unitary model, where the N(1535) resonance is dynamically generated [4]. This amplitude
can be interpreted as the resonance pole term around N(1535) energy region, as shown in the
upper diagram in Fig. 1. We then introduce the photon field and electromagnetic couplings
based on effective chiral Lagrangian, and we calculate the amplitude for the photon-resonance
coupling −it̃ij as shown in Fig. 1. Using these two amplitudes, we evaluate the magnetic
moments of the resonance. We obtain the results as

µn∗(1535) = −0.25µN , µp∗(1535) = 1.1µN . (1)

where µN is the nuclear magneton. For more detail of the formulation, see Ref. [2, 5]
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Figure 1: Feynman diagrams of the amplitudes tij(
√

s) and −it̃ij(
√

s) around energy region of
the resonance. Solid, dashed, wavy and double lines represent baryons, mesons, photon and
baryon resonances, respectively. The baryon resonances are considered as the dynamically
generated by summing the meson-baryon loops up to infinite order.



Table 1: Coupling strengths |gi|2 of N(1535) and Λ(1670) in SU(3) basis.
representation 1 8 8 10 1̄0 27

n∗(1535) − 5.2 6.2 0.17 − 0.58
Λ∗(1670) 4.0 2.3 7.3 − − 0.16

Now we study the value of µN∗ obtained here in the aspect of the SU(3) flavor symmetry.
The magnetic moment of Λ(1670) are calculated in the chiral unitary model [2];

µΛ∗(1670) = −0.29µN . (2)

Since the N(1535) and Λ(1670) has the same spin-parity 1/2− and the similar masses, they
have been considered to be members of an SU(3) octet. If the SU(3) symmetry is exact, the
magnetic moments of the octet should satisfy the Coleman-Glashow relations :

µn∗ = 2µΛ∗ . (3)

In the present calculation, the signs of the magnetic moments are consistent with this relation,
although the absolute values do not agree with Eq. (3). This relation is discussed more clearly
by looking at the SU(3) decomposition of the resonance states in terms of the coupling
strengths to each channel gi. The coupling strengths in the SU(3) basis are obtained by a
unitary transformation using SU(3) Clebsh-Gordan coefficients. In Table 1, |gi|2 in SU(3)
basis are shown, where we observe that for both N(1535) and Λ(1670), octet components are
dominant. This fact explains qualitative agreement of the relation between µn∗ and µΛ∗ in
the chiral unitary model. Deviation from the relation comes from the large mixture of the
singlet component in Λ(1670) and SU(3) breaking effects.

We can also extract the anomalous magnetic moments κ in units of µN∗ ≡ e/2MN∗ . The
results are

κS(1535) = 0.22µN∗ , κV (1535) = 0.63µN∗ . (4)

These numbers may be compared with those of the nucleon (in units of nuclear magneton):
κS(939) = −0.06µN and κV (939) = 1.85µN . Here we see that the strong isovector dominance
as in the N(939) magnetic moments is not realized in N(1535).

The present results qualitatively agree with the results of the constituent quark model
of Ref. [3]. However, the absolute values of these results are different, so the experimental
measurement will bring the information of the structure of the baryon resonances. In Ref. [5],
we compute reaction cross section in order to observe the resonance magnetic moments;
γN → γηN , π−p → γηn. The difference in the magnetic moments is, however, not very
much reflected in the bremsstrahlung processes.
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