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We report on the interaction of DN, D∗N, together with their coupled channels, by using an ex-
tension of the local hidden gauge formalism from the light meson sector, which is based on heavy
quark spin symmetry. The scheme is based on the use of the impulse approximation at the quark
level, with the heavy quarks acting as spectators, which occurs for the dominant terms where there
is the exchange of a light vector meson. In order to perform the full coupled channels calculation,
the pion exchange and the Weinberg-Tomozawa interactions are generalized to construct the ef-
fective transition potentials. With this dynamics we look for states generated from the interaction,
with a unitary coupled channels approach that mixes the pseudoscalar-baryon and vector-baryon
states. We find two states with nearly zero width, which are associated to the Λc(2595) and
Λc(2625). The lower state, with JP = 1/2−, couples to DN and D∗N, and the second one, with
JP = 3/2−, to D∗N. In addition to these two Λc states, we find four more states with I = 0, one of
them nearly degenerate in two states of J = 1/2, 3/2. Furthermore we find three states in I = 1,
two of them degenerate in J = 1/2,3/2.
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1. Introduction

In dealing with hadronic states involving heavy quarks (charm or beauty) the heavy quark spin
symmetry (HQSS) [1] plays an important role and serves as a guiding principle to proceed with
calculations. In Refs. [2, 3], it is shown that the Weinberg-Tomozawa term for meson-baryon
interaction, which stems from the exchange of vector mesons in the local hidden gauge approach
[4, 5, 6], fulfills the HQSS. In Ref. [7], the Weinberg-Tomozawa interaction of the SU(3) sector was
extended to the heavy bottom sector and it was shown that the result is equivalent to the plain use
of the local hidden gauge approach extended to SU(4). There the interaction of BN, B̄∗N, together
with their coupled channels, was examined in the local hidden gauge approach, the states Λb(5912)
(JP = 1/2−) and Λb(5920) (JP = 3/2−) were well reproduced, coupling mostly to B̄∗N, and the
difference of masses comes from the different weight of the intermediate B̄N states, which are
accounted for by means of box diagrams mediated by pion exchange. The formalism of Ref. [7]
has been used to investigate the meson-baryon interaction in the open charm sector [8] and hidden
charm sector [9].

In the charm sector we have states which bear some similarity with those states in the beauty
sector. They are the Λc(2595) (JP = 1/2−) and Λc(2625) (JP = 3/2−) states which have been
observed in various experiments [10]. It is tempting to see if a similar explanation can be given in
this case, or see if those states call for a different explanation.

Along the line of Ref. [7], here we report on the interaction of DN, D∗N, together with their
coupled channels, investigating the meson-baryon states with open charm by using an extension
of the local hidden gauge formalism. We can see that the Λc(2595) and Λc(2625) are generated
dynamically from the interaction, with the similarity with the open beauty sector. What differs
from the open beauty sector is that, the Λc(2625) state is mostly tied to the D∗N channel, while
the Λc(2595) state has an important coupling to both the DN and D∗N channels. The molecular
picture of Λc(2595) and Λc(2625) states has been tested in some decay processes of Λb [11, 12].

2. Formalism

For the pseudoscalar-baryon (PB) states we consider the channels πΣc, πΛc, ηΛc, ηΣc and
DN which can couple to I = 0, 1; for the vector-baryon (V B) states we have D∗N, ρΣc, ωΛc and
ϕΛc channels. As a singular case, we also consider the single channel πΣ∗

c , with Σ∗
c = Σ∗

c(2520),
belonging to a decuplet of 3/2+ states. In the local hidden gauge approach in SU(3) [4, 5, 6] the
meson-baryon interaction proceeds via the exchange of vector mesons as depicted in Fig. 1. In Ref.
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Figure 1: Diagrammatic representation of the pseudoscalar-baryon interaction (a) and vector-baryon inter-
action (b).
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[7], this approach was generalized to SU(4). As discussed in Ref. [7], when we exchange a light
vector meson in Figs. 1(a) and 1(b), the heavy quarks of the meson or the baryon are spectators and,
as a consequence, the interaction does not depend on their spin-flavor. Technically, the interaction
of the diagrams of Fig. 1 can be obtained using SU(3) symmetry considering u, d, c quarks, since
we do not consider states with strangeness or hidden strangeness. Hence, all the matrix elements of
the interaction are identical (except for the mass or energy dependence) to those of the interaction
of the analogous states πΣ, πΛ, ηΛ, ηΣ, K̄N, K̄∗N, ρΣ, ωΛ, ϕΛ and πΣ∗, which have been studied
in Refs. [13, 14].

For the PB → PB and V B →V B transitions, the transition potential from channel i to channel
j is given by [15]

Vi j =−Ci j
1

4 f 2 (2
√

s−MBi −MB j)

√
MBi +Ei

2MBi

√
MB j +E j

2MB j

, (2.1)

with f = 93MeV the pion decay constant, MBi , Ei (MB j , E j) the mass, energy of baryon of i ( j)
channel. The Ci j coefficients are evaluated in Refs. [13, 14] and can be found in the Appendix of
Ref. [8]. The scattering matrix T fulfills the Bethe-Salpeter equation in coupled channels,

T = [1−V G]−1V, (2.2)

with G the diagonal loop function for the propagating intermediate meson-baryon channels. We
use here the cut off regularization for G given by

G(s) =
∫ qmax

0

d3⃗q
(2π)3

ωP +ωB

2ωPωB

2MB

P02 − (ωP +ωB)2 + iε
, (2.3)

where P0 is the CM energy, s = (P0)2, ωP =
√

q⃗ 2 +m2
P, ωB =

√
q⃗ 2 +M2

B, and qmax is the cut-off
of the three-momentum.

The mixing of PB and V B states requites π exchange, shown in the box diagrams of Fig. 2,
which involves the V Pπ vertex given by the Lagrangian

LV PP =−ig ⟨[P,∂µP]V µ⟩, (2.4)

where P, V µ are the pseudoscalar and vector matrices, and g = mV/2 f with mV ≈ 780MeV. It was
shown in Ref. [7] that this mixing was responsible for the breaking of the original degeneracy of
two spin states of Λb, which upon consideration of this mixing became the Λb(5912) and Λb(5920).

N N N

D D
∗

D

π π

N N N

D
∗

D D
∗

π π

Figure 2: Diagrammatic representation of the D∗N in the intermediate state (left) and the DN in the inter-
mediate state (right).

2



P
o
S
(
H
a
d
r
o
n
2
0
1
7
)
0
7
6

Open charm baryon states in the extended local hidden gauge approach W. H. Liang

The evaluation in detail for the contributions of Fig. 2, δV (DN →D∗N →DN) and δV (D∗N →
DN → D∗N), can be found in Ref. [8]. Since we only take into account the PB or V B interactions
in s-wave, in the box diagrams, the intermediate D∗N or DN state should be in s-wave or d-wave
for the JP conservation. We need to separate the s-wave part from the d-wave part of the box di-
agram. Then we keep the d-wave contribution of the box diagram as an additional contribution
δV (d-wave) to the DN → DN or D∗N → D∗N potentials, and use the s-wave part to define the
effective transition potential for DN → D∗N as

V eff
DN,D∗N =

1
2
(Ṽeff +Ṽ ′

eff), (2.5)

with

Ṽ 2
effGD∗N ≡ δV (DN → D∗N → DN, s-wave), (2.6)

Ṽ
′ 2
effGDN ≡ δV (D∗N → DN → D∗N, s-wave). (2.7)

The expressions for δV (DN → D∗N → DN, s(d)-wave) and δV (D∗N → DN → D∗N, s(d)-wave)
are shown in Eqs. (31)-(34) of Ref. [8].

By making the substitutions

VDN,DN → VDN,DN +δV (DN → D∗N → DN, d-wave), (2.8)

VD∗N,D∗N → VD∗N,D∗N +δV (D∗N → DN → D∗N, d-wave), (2.9)

and adding the V eff
DN,D∗N in the Bethe-Salpeter equation Eq. (2.2), we can perform the full coupled

channels calculation and look for states generated from the interaction.

3. Results

We shall take into account the freedom that we have in the different loops, PB loop, V B loop
and box diagram, to take three different cutoffs and adjust them to a few experimental data. In the
calculations, we take qP

max = 500MeV for the cutoff in the PB loop, qV
max = 737MeV for the cutoff

in the V B loop and qB
max = 800MeV for the cutoff in the box diagrams including the box with the

anomalous vertex.
We summarize the final results that we get for meson-baryon states in the charm sector in Table

1. We predict six states with I = 0, two of them corresponding to the Λc(2595) and Λc(2625), and
three states with I = 1, some of them degenerate in spin. The energies of the states range from
about 2592 MeV to 3146 MeV. It is most instructive to see the nature of the states, which we find
by looking both at the couplings gi of the resonance to the different coupled channels, or by looking
at the wave functions at the origin giGII

i , with the coupling and G functions evaluated at the pole
in the second Riemann sheet. We show this information also in Table 1 as the main channel of the
state and the main decay channels. From there, we can see that the Λc(2595) (JP = 1

2
−) couples

mostly to DN and D∗N, and the Λc(2625) (JP = 3
2
−) couples mostly to D∗N.

It might seem at first sight that this is a large number of states, but we must recall that for the
analogous sector of baryon strange states one finds within the same range of difference of energies

3
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Table 1: Energies and widths of the states obtained and the channels to which the states couple most strongly.
All states have negative parity. Except for the states at 2592MeV and 2628MeV that have been fitted to the
Λc(2595) and Λc(2625) respectively, and the πΣ∗

c at 2674MeV which is close to the πΣ∗
c threshold, the other

predicted energies have an estimated uncertainty of ±20MeV.

main channel J I (E, Γ) [MeV] Exp. main decay channels

1√
2
(DN −D∗N), πΣc 1/2 0 2592, 1 Λc(2595) πΣc

πΣc 1/2 0 2611, 106 - πΣc

1√
2
(DN +D∗N) 1/2 0 2767, 2 - πΣc

D∗N 3/2 0 2628, 0 Λc(2625) -

πΣ∗
c 3/2 0 2674, 111 - πΣ∗

c

ρΣc 1/2,3/2 0 2990, 2 Λc(2940)? D∗N

πΣc 1/2 1 2666, 272 - πΣc, πΛc

D∗N 1/2,3/2 1 2928, 0 - -

ρΣc 1/2,3/2 1 3146, 7 - D∗N, ρΛc

six Λ states with spin and parity JP = 1/2−,3/2−,5/2− and six Σ states with the same spin and
parity, most of which could be reproduced as dynamically generated states of pseudoscalar-baryon
or vector-baryon [16, 17].

For the moment there is only one Σc state reported in Ref. [10] around 2800 MeV. The state,
however, has no spin nor parity assigned. While there are several states in Table 1 close in energy to
this state, it is worth quoting that the width of the experimental state is around 75 MeV, which is far
away from the Γ = 0,272 MeV, that we find for the likely states in Table 1 according to the mass.
We would tentatively conclude that the experimental state corresponds most likely to a positive
parity state. On the other hand, the reported state Λc(2940) with Γ = 17+8

−6 MeV [10] which has no
spin parity associated, could correspond to the spin degenerate Λc state that we find at 2990 MeV
with small width.

4. Conclusions

In this work we studied the interaction of DN and D∗N states with its coupled channels using
dynamics extrapolated from the light quark sector to the heavy one. The starting point was to
consider the heavy quarks as spectators in the dominant terms of the interaction. The interaction
was extracted mapping from the light sector and respecting the rules of heavy quark spin symmetry,
which in the local hidden gauge approach correspond to the exchange of light vectors. The mixing
of the PB and V B states was done through pion exchange. This allow us to define the effective
transition potential for DN → D∗N.
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With these ingredients, we studied the interaction of the DN and D∗N with their coupled
channels πΣc, πΛc, ηΣc (for the DN); ρΣc, ωΛc, ϕΛc, ρΣ∗

c , ωΣ∗
c , ϕΣ∗

c (for the D∗N), and we
searched for poles of the scattering matrix in different states of spin and isospin. We found six
states in I = 0, with one of them degenerate in spin J = 1/2, 3/2, and three states in I = 1, two of
them degenerate in spin J = 1/2, 3/2. The coupling of the states to the different channels, together
with their wave function at the origin, were evaluated to show which is the weight of the different
building blocks in those molecular states. In particular, two of the states, one with spin 1/2 that
couples mostly to a combination of DN and D∗N, and a second one with spin 3/2 that couples
mostly to D∗N were associated to the experimental ones, Λc(2595) and Λc(2625) respectively. The
rest of states are so far predictions, with a number of states that is similar to the one of negative
parity Λ and Σ states in the strange sector. In particular we predict another state made of DN,
D∗N, orthogonal to the Λc(2595), with a mass around 2767Mev. We think that the use of realistic
dynamics, with strict respect of heavy quark spin-flavor symmetry, renders the results obtained
rather solid and they should serve as a guideline for future experiments searching for baryon states
with open charm.
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