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Abstract

The first experimental information on the strong interaction between Λ and Ξ− strange baryons is pre-
sented in this Letter. The correlation function of Λ–Ξ− and Λ–Ξ

+ pairs produced in high-multiplicity
proton–proton (pp) collisions at

√
s = 13 TeV at the LHC is measured as a function of the relative

momentum of the pair. The femtoscopy method is used to calculate the correlation function, which is
then compared with theoretical expectations obtained using a meson exchange model, chiral effective
field theory, and Lattice QCD calculations close to the physical point. Data support predictions of
small scattering parameters while discarding versions with large ones, thus suggesting a weak Λ–Ξ−

interaction. The limited statistical significance of the data does not yet allow one to constrain the
effects of coupled channels like Σ–Ξ and N–Ω.

*See Appendix A for the list of Collaboration members
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1 Introduction

Understanding the strong interaction among hadrons with strange quarks is one of the main challenges
faced by nuclear physics at low energies. Recent theoretical developments, in parallel with the improve-
ment of computing facilities, enabled Lattice QCD calculations close to the physical point for systems
rich in strangeness [1–4]. In contrast to other approaches describing hadron–hadron interactions, such
first principles calculations become more stable the higher the (quark) masses involved, and they are
expected to deliver reliable results for the interaction of hadrons involving several strange quarks. On
the experimental side, data are scarce for hadron–hadron interactions in the strangeness |S| > 1 sector
due to the difficulties of producing hyperons in large amounts and the fact that those are unstable par-
ticles. Hence, the interest in this sector resides in delivering precise data in order to test the ab-initio
calculations.

The study of baryon–baryon interactions with strangeness is also crucial for the search of possible di-
baryon states beyond the deuteron. One debated case is the NΩ state predicted by Lattice QCD calcula-
tions [3] and meson exchange models [5]. It would be held together by an attractive strong interaction
at all distances favored by the absence of Pauli blocking in this system. Two-particle correlation studies
of p–Ω− [6, 7] show that drawing a firm conclusion on its existence is a difficult task due to the com-
plexity of this system that arises from the coupling to several other channels. It has been demonstrated
in Ref. [8] that the presence of coupled channels modifies the correlation function, in particular in the
case of systems size of the order of 1 fm, such as those produced in pp collisions. The thresholds of
the Λ–Ξ and the Σ–Ξ channels lie around 180 and 90 MeV/c2 below the N–Ω threshold, respectively;
the influence of those channels could severely modify the p–Ω− correlation function [9, 10] depending
on the coupling strength and the characteristics of the Λ–Ξ and the Σ–Ξ interactions themselves. The
investigation of those channels is thus mandatory in order to clarify the existence of the NΩ bound state.

Besides the first principles calculations, in the sector of nucleon–hyperon (N–Y) and hyperon–hyperon
(Y–Y) interactions with strangeness content |S| ≤ 3, several predictions from different theoretical ap-
proaches are waiting for validation since over a decade. Leading order (LO) chiral Effective Field Theory
(χEFT) [11], meson exchange models [12], and quark constituent models [13] produced predictions for
the |S| ≤ 2 sectors relying on SU(3) symmetry considerations. Those approaches were anchored to the
vast database available in the N–N sector, which includes precise determination of scattering cross sec-
tions that enable differential studies and partial wave analyses, to measurements of Λ–N cross sections
and, to a lesser extent, to Σ–N cross sections. Very recently, the extension of NLO χEFT potentials from
S = −2 [14, 15] to S = −3 and S = −4 systems has been explored [16]. These potentials are in accor-
dance with the few experimental constraints on the Λ–Λ and Ξ–N interactions and account for effects
from SU(3) symmetry breaking in the extension.

At the time when most of those potentials were constructed there was little hope for precise data on the
interaction between baryon pairs with more than two strange quarks, and the experimental information
was limited to the scarce data derived from the detection of hypernuclei, such as binding energies for
double-Λ hypernuclei [17–20] and Ξ hypernuclei [21, 22]. However, binding energies alone do not allow
unambiguous conclusions on the underlying baryon–baryon interactions, and so the available theoretical
predictions were awaiting more demanding tests.

Only recently, the femtoscopy technique has delivered precise data with valuable information for the
description of the strong interaction among hadrons via the study of two-particle correlations as a func-
tion of the relative momentum using collider experiments [23]. Measurements of multi-strange systems
Λ–Λ [24–26], p–Ξ− [27], and p–Ω− [6, 7] have been made available from Au–Au collisions at RHIC by
STAR and from pp collisions at the LHC by ALICE.

A pioneering study with the first experimental information of the Λ–Ξ− interaction is presented in this
Letter. This measurement constitutes the first benchmark for models and theoretical approaches deliver-
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ing predictions for this system.

2 Data analysis

The analysis of the correlation function of Λ–Ξ− and Λ–Ξ
+ pairs is performed in the sample of high-

multiplicity pp collisions at
√

s = 13 TeV collected by ALICE [28, 29] at the LHC during the Run
2 period. The V0 detector of the ALICE apparatus is used for event selection and triggering. The
V0 detector consists of two plastic scintillator arrays located on both sides of the collision vertex at
pseudorapidities 2.8 < η < 5.1 and −3.7 < η <−1.7 [30]. In order to guarantee an uniform acceptance
at midrapidity, events are accepted for analysis if the reconstructed primary interaction vertex position
along the beam axis (Vz) is located no more than 10 cm away from the nominal interaction point. In
addition, a V0-based high-multiplicity trigger is used for selecting events in which the detected signal
amplitude exceeds a defined threshold corresponding to the 0.17% highest-multiplicity events out of all
inelastic collisions with at least one measured charged particle within |η |< 1 (INEL> 0). The resulting
average charged-particle multiplicity density at midrapidity (|η | < 0.5) is about ⟨dNch/dη⟩ = 30. An
enhanced production of hyperons was reported for such high-multiplicity events [31], which provides an
abundant sample of hyperons for this analysis.

Strange baryon reconstruction is performed using topological properties of their weak decays, which
in turn employs the tracking and particle identification capabilities of the ALICE detector. The Inner
Tracking System (ITS) and the Time-Projection Chamber (TPC) are used for charged-particle tracking
and momentum reconstruction, the TPC is used as well for particle identification (PID), and the Time-of-
Flight detector (TOF) is used for timing information. The ITS, TPC, and TOF are immersed in a uniform
magnetic field along the beam direction with a strength of 0.5T. The ITS [32] is made up of six layers
of high position-resolution silicon detectors placed at a radial distance between 3.9 and 43cm around the
beam pipe. The TPC [33] is a 5m long gaseous cylindrical detector covering the whole azimuth within
the pseudorapidity range |η |< 0.9. It performs PID by measuring the specific energy loss (dE/dx). The
TOF [34] consists of Multigap Resistive Plate Chambers which cover the full azimuth range at |η |< 0.9.
Combinatorial background from out-of-bunch collision pile-up in the TPC is suppressed by rejecting
charged tracks unless a matched hit in the ITS, which does not have out-of-bunch pile-up, or in the TOF,
with timing information, is present.

The Λ (Λ) are identified exploiting their characteristic V-shaped weak decay Λ→ p+π− and Λ → p+π+,
henceforth denoted “V0” decays, and selected within an invariant mass window of 4 MeV/c2 around the
Λ nominal mass. Proton and pion tracks are reconstructed using the TPC, and they are identified through
the TPC dE/dx measurement. They are further combined into V0 candidates if a certain pair of proton
and pion tracks passes a set of geometrical criteria that ensures their consistency with the desired decay
topology. These include a selection on the distance of closest approach (DCA) of the two tracks, the
cosine of the pointing angle (CPA) between the line connecting the primary vertex with the candidate’s
decay vertex and its momentum, and the decay radius. Furthermore, a minimal transverse momentum of
pT ≥ 0.3 MeV/c is required for the Λ (Λ) candidates.

The Ξ− (Ξ+) candidates are identified via the weak decay channel Ξ− → Λ+π− and Ξ
+ → Λ+π+ by

combining V0 candidates with a third track with a TPC energy loss signature that is consistent with the
pion mass hypothesis. They are selected within an invariant mass window of 5 MeV/c2 around the nomi-
nal Ξ− mass. Also in this case, geometric selections serve to identify the expected trajectory arrangement
and include standard Λ and Λ selections as well as a DCA between the V0 and the third track and a CPA
of the Ξ candidate momentum with respect to the estimated decay position. Also the Ξ− (Ξ+) candidates
are required to have a minimal transverse momentum of pT ≥ 0.3 MeV/c. Candidates are rejected if
they are compatible within 5 MeV/c2 with the Ω− (Ω+) baryon invariant mass through the weak decay
Ω− → Λ+K− (Ω+ → Λ+K+) by assuming the kaon mass hypothesis for the third track.
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The numerical values of the geometrical variables used to select Λ (Λ) and Ξ− (Ξ+), as well as the
variations of such values used to estimate the systematic uncertainties of the data, are based on previous
analyses; see Ref. [25] and Ref. [35] for Λ (Λ) and Ξ− (Ξ+), respectively. A fit to the invariant mass
spectrum of Λ (Λ) and Ξ− (Ξ+) candidates is performed using a double Gaussian to describe the signal
and a first-order polynomial for the combinatorial background. For the calculation of the invariant mass
of Λ (Λ) the pion and proton hypothesis are used for the daughter tracks; in the case of Ξ− (Ξ+) the
Λ (Λ) mass is used for the V0 and the pion mass for the charged track. The results of the fit deliver
average mass resolutions of around 1.5 and 2 MeV/c2 and purities of 95% and 92% for Λ (Λ) and
Ξ− (Ξ+), respectively.

Events are kept for further analysis if at least one Λ (Λ) and one Ξ− (Ξ+) candidate are reconstructed,
which results in a total number of 8.57×106 events and 5.08×106 (4.75×106) Λ–Ξ− (Λ–Ξ

+) pairs.

During the reconstruction, a charged track can be assigned as a decay product of multiple V0 candidates.
For such cases, an additional selection procedure is implemented to reduce the combinatorial background
and choose the best candidate in an unbiased way. The V0 candidates that share a charged track are dis-
criminated by using several kinematic variables simultaneously, namely the invariant mass, the DCA,
and the CPA. They are compared to template distributions from Monte Carlo (MC) simulations and nor-
malized by their expected resolution such that they have the same incidence in the comparison. For the
MC templates, pp events are generated using PYTHIA 8.2 [36] and the resulting particles are propagated
through the simulation of the ALICE detector using GEANT3 [37]. An analogous track cleaning proce-
dure is used as well for the Ξ candidates that share charged tracks. The track cleaning procedure reduces
the sample of Ξ− and Ξ

+ candidates by 0.6% and the sample of Λ and Λ candidates by 1.9%.

In order to avoid autocorrelations generated by the pairing of Λ (Λ) candidates with their mother particles,
pairs of Λ–Ξ− (Λ–Ξ

+) are not considered if the Λ (Λ) candidate shares any charged track with the
Ξ− (Ξ+) candidate.

3 Correlation function

Experimentally, the two-particle correlation function is defined as [38]

C (k∗) = N × Nsame (k∗)
Nmixed(k∗)

, (1)

where k∗ is the relative momentum in the pair rest frame, defined as k∗ = 1
2 × |p∗

1 −p∗
2| with pi being

the three-momenta of the involved particle candidates. The Nsame is the k∗ distribution of particle pairs
produced in the same collision, whereas Nmixed is the k∗ distribution obtained by pairing particles pro-
duced in different collisions with similar Vz and multiplicity. Due to the event mixing procedure, the
number of pairs in Nmixed is higher than in Nsame, hence the correlation function has to be normalized at
large k∗, where the effects of the final state interactions are absent. This is denoted by the factor N ; the
normalization is performed in the region k∗ ∈ [450,650] MeV/c. In the following, Λ–Ξ− is used to refer
to the sum of Λ–Ξ− and Λ–Ξ

+ pairs, since both experience the same interaction and correlation and no
significant differences are observed between both pairs during the analysis. A total of 6142 Λ–Ξ− pairs
are found with k∗ below 200 MeV/c.

On the theoretical side, the correlation function can be expressed as a function of the particle emitting
source S (r∗) and the two-particle pair wave function |Ψ(r∗,k∗)| which contains the interaction compo-
nent [38]

C (k∗) =
∫

d3r∗S (r∗) |Ψ(r∗,k∗)|2 , (2)

where r∗ refers to the relative distance between the two particles. The source function is assumed to have
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a Gaussian shape. Its size is obtained from the universal baryon–baryon transverse mass (mT) scaling
observed in high-multiplicity pp collisions [39], and considering its enlargement due to shortly lived res-
onances [39]. The average transverse mass of Λ–Ξ− pairs with k∗< 200 MeV/c is ⟨mT⟩= 2.01GeV/c2,
which leads to an effective source radius of reff = 1.032+0.055

−0.056 fm. The quoted uncertainties take into
account the statistical and systematic uncertainties of the parametrization of the mT dependence [39].

Given the source size, the theoretical correlation function is computed using two different methods. The
Lednický–Lyuboshits (LL) approach [40, 41] allows one to calculate the theoretical correlation function
when the effective range parameters are known: scattering length f s

0 and effective range ds
0, with s

denoting the spin state of the pair. Note that in this Letter the standard notation and sign convention
in femtoscopy is used, where a positive f0 corresponds to an attractive interaction, while a negative
scattering length corresponds either to a repulsive potential or a bound state. For Λ–Ξ− pairs, there are
two spin configurations, namely a singlet with s = 0 and a triplet with s = 1. They contribute with a
weight of 1/4 and 3/4 to the total theoretical correlation function, respectively. The LL model is used
to evaluate the predictions from the Nijmegen meson exchange model [12] and the interactions from
χEFT [11, 16]. The second method uses the CATS framework [42], a Schrödinger equation solver, to
evaluate the wave functions for the potentials extracted from Lattice QCD calculations performed by the
HAL QCD Collaboration [2].

The Λ–Ξ− correlation functions evaluated for the central value of the radius reff for each considered the-
oretical prediction are shown in Fig.1. Since the Coulomb interaction is absent, the deviations from unity
at small relative momentum are exclusively due to the strong interaction. Details on the characteristics
of each interaction are discussed in Section 4.

0 20 40 60 80 100 120 140 160 180 200
)c* (MeV/k

1

1.5

2

2.5

3

*)
k(

C

 = 1.032 fmeffr Source Radius 
EFT LOχ
EFT NLO16χ
EFT NLO19χ

 effectiveΞ−Σ - Ξ−ΛHAL QCD 
 onlyΞ−ΛHAL QCD 

NSC97a

Figure 1: Theoretical Λ–Ξ− correlation functions from predictions ([2, 11, 12, 16]) evaluated for the experimental
source radius. See text for details. In the case of the LO and NLO χEFT potentials the solid (dotted) lines
correspond to the lowest (highest) cutoff [11, 16].

The experimental correlation function contains additional contributions to the genuine Λ–Ξ− strong in-
teraction as it is defined in Eq. 2. In order to compare the theoretical expectations with the experimental
data, a model is built for each theoretical prediction containing all contributions to the experimental
correlation function as detected by ALICE

Cmodel (k∗) =Cnon-femto (k∗)×

[
∑

i
λi ×Ci (k∗)

]
, (3)

where the sum contains all femtoscopic contributions Ci(k∗) namely the genuine as well as contamination
induced by the misidentification background and feed-down. Each of them is multiplied with its relative
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contribution λi. The Cnon-femto (k∗) describes non-femtoscopic effects such as energy conservation which
are dominant for large k∗. It is modelled phenomenologically by a polynomial with a constant and a third
degree term Cnon-femto (k∗) = a× (1−b× k∗3), which ensures a flat behaviour at k∗ → 0, and is fitted to
the measured correlation function.

In the feed-down contributions, at least one particle of the pair originates from a decay and appears on
timescales larger than the strong interaction which is measured here. They carry the residual correlation
from their mother particle which is washed out because of the decay. The main feed-down to the Λ (Λ)
candidates comes from the Ξ− (Ξ+), Ξ0 (Ξ0), and Σ0 (Σ0) decays. The combined relative contribution is
obtained by fitting the CPA distribution to MC templates. Then, the λ parameter for each contribution is
determined via isospin considerations. The feed-down to the Ξ− (Ξ+) candidates comes from the decays
of the resonances Ξ−(1530) and Ξ0(1530) as well as the Ω− (Ω+) hyperons. Their λ parameters are
extracted from the production rates reported in Refs. [31, 43] and their branching ratios [44]. All feed-
down contributions to the correlation function are assumed to be constant in k∗ with a value equal to
unity, except for the case of the Ξ−−Ξ− feed-down, with the identified Λ coming from the decay of an
unidentified Ξ−. The latter contributes with λ

Ξ−–Ξ− = 8%; it is modelled assuming a pure Coulomb
Ξ−−Ξ− interaction and it is propagated to Cmodel(k∗) via a momentum transformation from the Ξ−−Ξ−

to the Λ–Ξ− pair rest frame. The relative contribution of all the other feed-down contributions is of
λflat = 48%.

The relative contribution from misidentification is of λmis. = 12% and is calculated from the puri-
ties in the selection of the Λ and Ξ−. This contribution is modelled by a second order polynomial
Cmis.(k∗) = p0 + p1k∗+ p2k∗2 with parameters obtained via a fit to the correlation function constructed
using Λ–Ξ− pairs from an invariant mass sideband analysis [45]. The values of the parameters are
p0 = 1.22, p1 = −8.94×10−4 (MeV/c)−1, and p2 = 8.90×10−7 (MeV/c)−2.

The relative contribution from the genuine Λ–Ξ− interaction is λgenuine = 32%. In order to consider
the finite momentum resolution, evaluated via full simulations of the ALICE apparatus and its response,
Cmodel (k∗) has to be transformed into the basis of the reconstructed momenta as it was done in previous
analysis [25].

4 Results

The experimental Λ–Ξ− correlation function is shown in Fig. 2 in two different k∗ and C(k∗) ranges. The
systematic uncertainties of the data displayed in Fig. 2 are associated with variations on the selection
criteria of Λ (Λ) and Ξ− (Ξ+) as explained in Section 2. The analysis is repeated with 39 random com-
binations of such variations. For each k∗ point, the final systematic uncertainty is given by the width of
a Gaussian fit including all 39 measurements of the correlation function.

The data are compared in Fig. 2 with predictions of the correlation function, according to Eq. 3, from
several theoretical descriptions of the Λ–Ξ− strong interaction and from the assumption of no inter-
action. The parameter of the non-femtoscopic baseline is fitted to the data for each case in the range
k∗∈ [0,800] MeV/c. The width of the theoretical bands reflect the uncertainties in the evaluation of
the correlation function, namely: i) variations of the radius of the source function according to the ex-
perimental determination reff = 1.032+0.055

−0.056 fm; ii) variation of the normalization range by ±50 MeV/c;
iii) variation of the range of the fit to the non-femtoscopic baseline by ±50 MeV/c; iv) variation in the
parametrization of the baseline using a second order polynomial (i.e. the non-femto contribution becomes
Cnon-femto (k∗) = a′×(1−b′×k∗2) ); and v) variation of the functional form describing the sidebands cor-
relation function to p0+exp(p1+ p2k∗). The evaluation of the theoretical correlation function and the fit
of the baseline parameters were performed with all possible combinations of such variations. The width
of the theoretical band for each model is given in each k∗ point by the root mean squared of all fit results.
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The dotted black line in Fig. 2 represents the result of the baseline fit assuming no Λ–Ξ− strong interac-
tion, for which a = 0.95 and b = 2.4×10−10 (MeV/c)−3 are obtained. The compatibility with the data
is evaluated in terms of the number of standard deviations nσ , which were obtained from the p-value
computed in the range k∗< 200 MeV/c. The uncertainties of the data were considered by adding the sta-
tistical and systematic uncertainties in quadrature. The result for the "no strong interaction" assumption
is nσ = 0.78 showing that in the low relative momentum region, where femtoscopic effects are expected,
data do not deviate significantly from the baseline.
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Figure 2: Experimental Λ–Ξ− correlation function with statistical (vertical black lines) and systematic (gray
boxes) uncertainties. The square brackets show the bin width of the measurement and the horizontal black lines
represent the statistical uncertainty in the determination of the mean k∗ for each bin. Left panel: Comparison to
LO [11] and NLO [16] χEFT and NSC97a [12] potentials evaluated with the Lednický–Lyuboshits model [40, 41].
In the χEFT models the darker and light bands correspond to the version with the lower and higher cut-off value,
respectively. Right panel: Comparison with Lattice QCD calculations by the HAL QCD Collaboration [2] using
an effective potential including the coupling to Σ–Ξ (orange) and the Λ–Ξ− elastic potential alone (red). The width
of the bands in both panels correspond to the systematic uncertainties of the fit as described in the text. The dotted
black line represents the result of the baseline fit assuming no Λ–Ξ− strong interaction.

The dark blue and light blue bands in the left panel of Fig. 2 represent the correlation function evaluated
from LO χEFT [11] for a regulator function cut-off of 550 and 700 MeV, respectively. The genuine
Λ–Ξ− correlation function is evaluated by using the LL model with the scattering parameters for Λ–
Ξ provided in Ref. [11]. The scattering length in this case indicates a rather strong attraction in the
singlet channel and a mild repulsion in the triplet channel. The predicted values depend strongly on
the cut-off choice, which is reflected in the correlation function. The curve corresponding to the LO
χEFT potential with 550 MeV cut-off, with rather large scattering length, is not compatible with the
experimental correlation function. On the other hand, the result for the potential with cut-off 700 MeV
is close to the data. However, this interaction implies the presence of a shallow ΛΞ bound state with
a binding energy of just 0.43 MeV. Such bound states are not seen anymore in the extrapolation of the
NLO interactions from S = −2 [14, 15] to S = −3 [16], where effects from SU(3) symmetry breaking
have been properly accounted for, in line with the power counting. They are also not supported by the
available lattice QCD simulations close to the physical point [2]. The correlation functions expected from
the NLO calculations, based on NLO16 [14] and NLO19 [15], are represented by the magenta and green
bands in the left panel of Fig. 2, respectively. The dark and light bands represent the interactions with
regulator function cut-offs of 500 and 650 MeV, respectively, for both potentials. The correlation function
was evaluated by using the LL model with the scattering lengths1 provided in Ref. [16]. The NLO19

1For the triplet state in NLO16 the effective range is set to d0 = 0 fm. This is necessary since the LL does not provide stable
results for the large effective ranges predicted by the theory (see Table 1) in combination with the small source radius.

7



Λ–Ξ interaction in proton–proton collisions ALICE Collaboration

potential is more attractive than the NLO16 in the triplet channel, and there is also a sizable cut-off
dependence. This is reflected in a larger correlation function, in particular for the 500 MeV cut-off (dark
green band), that clearly exceeds the data. This demonstrates that the ALICE data delivers important
constraints in the S =−3 sector needed to fix the free parameters in the χEFT NLO calculations [16].

The Nijmegen meson exchange model [12] predicts the existence of a ΣΞ bound state, though in the case
of the Λ–Ξ− channel, for 5 of the 6 different versions of the model, a mild attraction and a mild repulsion
in the singlet and triplet configurations, respectively, are predicted. The light orange band in Fig. 2 shows
the expectation from the version NSC97a. The substantially smaller scattering lengths in the singlet state
compared to the χEFT potentials are reflected in a suppressed correlation function that agrees with the
data.

It is worth mentioning that the scattering parameters from the quark constituent model fss2 [13] coincide
qualitatively with the Nijmegen potential, although that model does not predict any ΣΞ or ΛΞ bound
states.

The right panel of Fig. 2 shows the comparison with the results for the HAL QCD Λ–Ξ− potential [2].
The width of the HAL QCD curves include statistical and systematic variations of the lattice calculations
following the recipe in Ref. [7]. The HAL QCD potential is a ΛΞ–ΣΞ coupled-channel potential. It
presents attraction in both the singlet and the triplet configurations but does not predict the formation
of any bound state. The orange curve shows the results from an effective Λ–Ξ− potential, where the
coupling to Σ–Ξ from the lattice simulations is incorporated effectively into the strength of the Λ–Ξ−

interaction. For reference, the red curve shows the correlation function from the ΛΞ–ΛΞ elastic potential
alone, free of effects from the coupling. The difference between the orange and red curves in Figs. 2
and 1 demonstrates a rather strong coupling. This is particularly noticeable if the results are compared to
the HAL QCD pΞ–ΛΛ potential in the |S|= 2 sector [1], in which case the coupling between channels
is small and has negligible effects in the correlation function [46]. While the ALICE data shows better
compatibility with the single channel ΛΞ–ΛΞ elastic potential, it is not sensitive to the effects of the
coupling as shown by Lattice QCD.

Threshold cusp-like structures at the channel opening created by the inelastic channels could be formed [47]
with an amplitude depending on the properties of the interaction, the strength of the coupling between
channels, and the amount of initial state pairs in the inelastic channels. The ALICE data do not present
significant structures at the kinematic opening of the Σ−–Ξ0, Σ0–Ξ− and n–Ω− channels, at k∗ values of
303, 308 and 468 MeV/c respectively.

The scattering parameters of all considered interactions are summarized in Table 1, together with the
compatibility of each of them with the Λ–Ξ− correlation function in terms of nσ computed in the range
k∗< 200 MeV/c, considering the statistical and systematic uncertainties of the data. The scattering
parameters of the HAL QCD calculations were extracted using CATS by fitting the phase shifts δ0 with
the effective range approximation [48, 49].

Summary

This Letter presents the first measurement of the Λ–Ξ− interaction, quantified via the correlation func-
tion C(k∗) in high-multiplicity pp collisions at

√
s = 13 TeV. The measured C(k∗) were compared with

different descriptions of the Λ–Ξ− interaction, including leading-order and next-to-leading-order chiral
Effective Field Theory calculations, a meson exchange model, and recent Lattice QCD calculations. De-
spite the limited statistical significance and the contamination from feed-down contributions, the data
provide the first constraint for theoretical investigations and are seen to be more compatible with pre-
dictions of small scattering parameters and hence a weak Λ–Ξ− interaction. The limitations of the data
sample prevent from drawing further conclusions on the influence of coupled channels in the correlation
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Table 1: Summary of scattering parameters and agreement with the data in terms of nσ of the considered interac-
tions. The effective range parameters for the Lattice QCD results are obtained from the low-energy phase shifts
which are extracted with CATS in the evaluation of the potentials. The agreement of the baseline (no interaction
assumed) is also given.

potential cut-off (MeV) / version
singlet triplet

nσf 0
0 d0

0 f 1
0 d1

0

χEFT LO [11]
550 33.5 1.00 −0.33 −0.36 3.06−5.12
700 −9.07 0.87 −0.31 −0.27 0.78−1.60

χEFT NLO16 [14]
500 0.99 5.77 −0.026 142.9 0.56−0.93
650 0.91 4.63 0.12 32.02 0.91−1.61

χEFT NLO19 [15]
500 0.99 5.77 1.66 1.49 5.47−7.26
650 0.91 4.63 0.42 6.33 1.30−2.10

NSC97a [12] 0.80 4.71 −0.54 −0.47 0.68−1.04

HAL QCD [2]
ΛΞ–ΣΞ eff. 0.60 6.01 0.50 5.36 1.43−2.34

ΛΞ–ΛΞ only – – – – 0.64−1.04
Baseline – – – – 0.78

function, and no significant cusp-like structures are observed at the opening of the Σ−–Ξ0, Σ0–Ξ− or
n–Ω− channels. The presented data demonstrate that the characteristics of the strong interaction in the
|S|= 3 sector can be investigated with the femtoscopy technique. New measurements with the upgraded
ALICE apparatus [50] will exploit the data collected during upcoming LHC Run 3 and Run 4 [51, 52]
and should deliver a precise insight into the Λ–Ξ− interaction, providing valuable information for the
search of di-baryon states with strangeness content.
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88 Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States
89 Ohio State University, Columbus, Ohio, United States
90 Physics department, Faculty of science, University of Zagreb, Zagreb, Croatia

18



Λ–Ξ interaction in proton–proton collisions ALICE Collaboration

91 Physics Department, Panjab University, Chandigarh, India
92 Physics Department, University of Jammu, Jammu, India
93 Physics Department, University of Rajasthan, Jaipur, India
94 Physics Program and International Institute for Sustainability with Knotted Chiral Meta Matter (SKCM2),
Hiroshima University, Hiroshima, Japan
95 Physikalisches Institut, Eberhard-Karls-Universität Tübingen, Tübingen, Germany
96 Physikalisches Institut, Ruprecht-Karls-Universität Heidelberg, Heidelberg, Germany
97 Physik Department, Technische Universität München, Munich, Germany
98 Politecnico di Bari and Sezione INFN, Bari, Italy
99 Research Center for Nuclear Physics, Osaka University, Osaka, Japan
100 Research Division and ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum für Schwerionenforschung
GmbH, Darmstadt, Germany
101 RIKEN iTHEMS, Wako, Japan
102 Saha Institute of Nuclear Physics, Homi Bhabha National Institute, Kolkata, India
103 School of Physics and Astronomy, University of Birmingham, Birmingham, United Kingdom
104 Sección Física, Departamento de Ciencias, Pontificia Universidad Católica del Perú, Lima, Peru
105 Stefan Meyer Institut für Subatomare Physik (SMI), Vienna, Austria
106 SUBATECH, IMT Atlantique, Nantes Université, CNRS-IN2P3, Nantes, France
107 Suranaree University of Technology, Nakhon Ratchasima, Thailand
108 Technical University of Košice, Košice, Slovak Republic
109 The Henryk Niewodniczanski Institute of Nuclear Physics, Polish Academy of Sciences, Cracow, Poland
110 The University of Texas at Austin, Austin, Texas, United States
111 Universidad Autónoma de Sinaloa, Culiacán, Mexico
112 Universidade de São Paulo (USP), São Paulo, Brazil
113 Universidade Estadual de Campinas (UNICAMP), Campinas, Brazil
114 Universidade Federal do ABC, Santo Andre, Brazil
115 University of Cape Town, Cape Town, South Africa
116 University of Houston, Houston, Texas, United States
117 University of Jyväskylä, Jyväskylä, Finland
118 University of Kansas, Lawrence, Kansas, United States
119 University of Liverpool, Liverpool, United Kingdom
120 University of Science and Technology of China, Hefei, China
121 University of South-Eastern Norway, Kongsberg, Norway
122 University of Tennessee, Knoxville, Tennessee, United States
123 University of the Witwatersrand, Johannesburg, South Africa
124 University of Tokyo, Tokyo, Japan
125 University of Tsukuba, Tsukuba, Japan
126 University Politehnica of Bucharest, Bucharest, Romania
127 Université Clermont Auvergne, CNRS/IN2P3, LPC, Clermont-Ferrand, France
128 Université de Lyon, CNRS/IN2P3, Institut de Physique des 2 Infinis de Lyon, Lyon, France
129 Université de Strasbourg, CNRS, IPHC UMR 7178, F-67000 Strasbourg, France, Strasbourg, France
130 Université Paris-Saclay Centre d’Etudes de Saclay (CEA), IRFU, Départment de Physique Nucléaire (DPhN),
Saclay, France
131 Università degli Studi di Foggia, Foggia, Italy
132 Università del Piemonte Orientale, Vercelli, Italy
133 Università di Brescia, Brescia, Italy
134 Variable Energy Cyclotron Centre, Homi Bhabha National Institute, Kolkata, India
135 Warsaw University of Technology, Warsaw, Poland
136 Wayne State University, Detroit, Michigan, United States
137 Westfälische Wilhelms-Universität Münster, Institut für Kernphysik, Münster, Germany
138 Wigner Research Centre for Physics, Budapest, Hungary
139 Yale University, New Haven, Connecticut, United States
140 Yonsei University, Seoul, Republic of Korea
141 Zentrum für Technologie und Transfer (ZTT), Worms, Germany
142 Affiliated with an institute covered by a cooperation agreement with CERN
143 Affiliated with an international laboratory covered by a cooperation agreement with CERN.

19


	Introduction
	Data analysis 
	Correlation function
	Results
	The ALICE Collaboration

