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This letter presents the first lattice QCD computation of the coupled channel πΣ–K̄N scatter-
ing amplitudes at energies near 1405MeV. These amplitudes contain the resonance Λ(1405) with
strangeness S = −1 and isospin, spin, and parity quantum numbers I(JP ) = 0(1/2−). However,
whether there is a single resonance or two nearby resonance poles in this region is controversial
theoretically and experimentally. Using single-baryon and meson-baryon operators to extract the
finite-volume stationary-state energies to obtain the scattering amplitudes at slightly unphysical
quark masses corresponding to mπ ≈ 200 MeV and mK ≈ 487 MeV, this study finds the amplitudes
exhibit a virtual bound state below the πΣ threshold in addition to the established resonance pole
just below the K̄N threshold. Several parametrizations of the two-channel K-matrix are employed
to fit the lattice QCD results, all of which support the two-pole picture suggested by SU(3) chiral
symmetry and unitarity.

Introduction.—The history of the Λ(1405) began in
Refs. [1, 2] which suggested that the low-energy K−p am-
plitude measured in bubble chamber experiments implies
a resonance in the π−Σ+ spectrum just below the K−p
threshold. The intervening decades have witnessed con-
siderable experimental progress in this system [3, 4], but
a consensus about whether there is a single resonance or
two nearby resonance poles in this energy region has not
yet been reached. This is evidenced by the most recent
Particle Data Group review [5] which lists an additional
Λ(1380) resonance pole with lower confidence. An im-
proved determination of the K−p scattering length [6]
was enabled by measurements of the energy shift and
width of kaonic hydrogen by the SIDDHARTHA collab-
oration at DAΦNE [7]. The angular analysis of the pro-
cess γ + p → K+ + Σ + π by the CLAS collaboration
at JLab determined the line shapes [8] and the spin par-
ity quantum numbers [9] JP = 1/2−. The CLAS data
has been analyzed in Refs. [10, 11], which suggest the
existence of two isoscalar poles. Recent data from the
BGOOD collaboration [12] and a preliminary study by
the GlueX collaboration [13] also support the two-pole
scenario. Similarly, inter-hadron potentials determined
by the ALICE collaboration using the ‘femtoscopy’ ap-
proach favor the two-pole picture [14]. However, recent
data from J-PARC is successfully described by a single
pole [15] and a combined analysis in Ref. [16] concludes
that a single resonance sufficiently describes the experi-
mental data, without ruling out the two-pole description.

On the theoretical side, the relatively low mass and
quantum numbers of the Λ(1405) are difficult to accom-
modate in constituent quark models [17]. However, some
insight is gained from SU(3) chiral effective theory. The
leading-order interaction between the octet of Goldstone
bosons and (ground-state) octet baryons [18, 19] predicts
an attractive interaction in both the flavor-SU(3) singlet
and octet combinations. After employing a unitarization
procedure, this attraction leads to two poles in the scat-
tering matrix analytically continued to complex center-
of-mass energies [20]. Despite the agreement of nearly all
chiral approaches (which are reviewed in Refs. [21, 22])
on the two-pole scenario, the position of the lower pole re-
mains somewhat poorly constrained [5]. Recent theoret-
ical works about the Λ(1405) can be found in Refs. [23–
30].

Lattice QCD is a first-principles method that can
be used to unambiguously determine the nature of the
Λ(1405) and provide two unique insights. First, the elas-
tic πΣ scattering amplitude can be computed directly
below the K̄N threshold. This process is difficult to ac-
cess experimentally and lattice results may help identify
and constrain a second lower pole. Second, the motion
of the poles in the complex plane upon varying the u,
d, and s quark masses away from their physical values
provides additional input to future chiral effective theory
analyses [31, 32].

The computation of real-time two-to-two scatter-
ing amplitudes below three-hadron thresholds from
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Importantly, this qualitative consistency supports the
two-pole picture predicted by chiral symmetry and uni-
tarity.

Future work with this system includes moving to phys-
ical quark masses which requires the consideration of
three particle effects, but this should not present a major
problem in the region relevant for the Λ(1405). Estimat-
ing residual finite-volume and lattice spacing effects are
also planned. Studying this system along the quark-mass
trajectory toward the SU(3)-symmetric point will also
test the motion of the pole positions predicted by chi-
ral effective theories. Finally, this work opens the door
to investigations of other baryon resonances, such as the
N(1535), Λ(1670), Σ(1620), and Ξ(1620).
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