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Femtoscopy study of 𝝅−𝚲 and 𝑲− 𝒑 interactions
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We have calculated the femtoscopic correlation functions of meson-baryon pairs in the strangeness
𝑆 = −1 sector, employing a unitarized chiral interaction model up to next-to-leading order. We
will show preliminary results for the 𝜋−Λ correlation function, which is presently under analysis
by the ALICE@LHC collaboration. We will also demonstrate that, within 2𝜎, the employed
interaction is perfectly capable of reproducing the 𝐾− 𝑝 correlation function data measured by the
same collaboration, without the need of changing the coupled-channel interactions, as has been
suggested recently.
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Femtoscopy study of 𝜋−Λ and 𝐾− 𝑝 interactions

1. Introduction

At low energy, effective field theories, and in particular Unitarized Chiral Perturbation Theory
(UChPT), replace QCD’s standard perturbative methods in describing the interactions among
hadrons. Traditionally, scattering experiments have been the main source to constrain such theories,
but in the last decade hadron femtoscopy has surfaced as a valuable alternative. In this work we
study the femtoscopic correlation function (CF) of 𝑆 = −1 meson-baryon (MB) pairs in coupled-
channels (cc), employing UChPT up to NLO. We revisit the 𝐾−𝑝 interaction explored in [1] and
provide a novel prediction for the 𝜋−Λ CF, currently under analysis by the ALICE collaboration.

2. Formalism

In the 𝑆 = −1 sector, different MB channels with the same quantum numbers couple to each
other. In particular, for the 𝑄 = 0 block we consider 10 cc (𝐾−𝑝, �̄�0𝑛, 𝜋0Λ, 𝜋0Σ0, 𝜂Λ, 𝜂Σ0, 𝜋+Σ−,
𝜋−Σ+, 𝐾+Ξ−, 𝐾0Ξ0), and for𝑄 = −1 we consider 6 cc (𝜋−Λ, 𝜋0Σ−, 𝜋−Σ0, 𝐾−𝑛, 𝜂Σ−, 𝐾0Ξ−). The
effective chiral Lagrangian up to NLO, L𝜙B = L (1) + L (2) , is given by

L (1) = ⟨�̄�𝑖𝛾𝜇𝐷𝜇𝐵⟩ − 𝑀0⟨�̄�𝐵⟩ +
1
2
𝐷⟨�̄�𝛾𝜇𝛾5{𝑢𝜇, 𝐵}⟩ +

1
2
𝐹⟨�̄�𝛾𝜇𝛾5 [𝑢𝜇, 𝐵]⟩ , (1)

L (2) = 𝑏𝐷 ⟨�̄�{𝜒+, 𝐵}⟩ + 𝑏𝐹 ⟨�̄�[𝜒+, 𝐵]⟩ + 𝑏0⟨�̄�𝐵⟩⟨𝜒+⟩ + 𝑑1⟨�̄�{𝑢𝜇, [𝑢𝜇, 𝐵]}⟩
+ 𝑑2⟨�̄�[𝑢𝜇, [𝑢𝜇, 𝐵]]⟩ + 𝑑3⟨�̄�𝑢𝜇⟩⟨𝑢𝜇𝐵⟩ + 𝑑4⟨�̄�𝐵⟩⟨𝑢𝜇𝑢𝜇⟩ . (2)

Here, 𝐵 is the octet baryon matrix, and the matrix of pseudoscalar mesons 𝜙 is contained in
the field 𝑢𝜇 = 𝑖𝑢†𝜕𝜇𝑈𝑢†, with 𝑈 = 𝑢2 = exp(𝑖

√
2𝜙/ 𝑓 ). The covariant derivative is defined

as 𝐷𝜇𝐵 = 𝜕𝜇𝐵 + [Γ𝜇, 𝐵], where Γ𝜇 = (𝑢†𝜕𝜇𝑢 + 𝑢𝜕𝜇𝑢†)/2, and 𝜒+ = −{𝜙, {𝜙, 𝜒}}/4 𝑓 2, with
𝜒 = diag(𝑚2

𝜋 , 𝑚
2
𝜋 , 𝑚

2
𝐾
− 𝑚2

𝜋). This Lagrangian depends on a set of parameters referred to as the
Low Energy Constants (LECs) ( 𝑓 , 𝐷, 𝐹, 𝑏𝐷 , 𝑏𝐹 , 𝑏0, 𝑑1, 𝑑2, 𝑑3, 𝑑4).

The s-wave component of the interaction kernel, 𝑉𝑖 𝑗 , derived from the chiral Lagrangian,
must be unitarized in order to dynamically generate resonances. This is done by solving the Bethe-
Salpeter (BS) equation. In the on-shell approximation [2, 3], the BS equation, and thus the scattering
amplitudes, can be expressed in the matricial form 𝑇 = (1−𝑉𝐺)−1𝑉 , where 𝐺 is a diagonal matrix
whose elements are the MB loop functions, which after using dimensional regularization are [4]

𝐺𝑙 (
√
𝑠) = 2𝑀𝑙

16𝜋2

[
𝑎𝑙 (𝜇) + ln

𝑀2
𝑙

𝜇2 +
𝑚2
𝑙
− 𝑀2

𝑙
+ 𝑠

2𝑠
ln
𝑚2
𝑙

𝑀2
𝑙

+ 𝑞𝑙√
𝑠

ln
(𝑠 + 2𝑞𝑙

√
𝑠)2 − (𝑀2

𝑙
− 𝑚2

𝑙
)2

(−𝑠 + 2𝑞𝑙
√
𝑠)2 − (𝑀2

𝑙
− 𝑚2

𝑙
)2

]
(3)

where𝑀𝑙 and𝑚𝑙 are, respectively, the baryon and meson masses of the l-th channel and 𝑞𝑙 the center-
of-mass momentum of the 𝑙-th channel pair at a

√
𝑠 energy. The 𝑎𝑙 are the so-called substraction

constants (SCs), which cure the divergence for a given regularization scale 𝜇. These SCs, together
with the LECs, are the free parameters of the formalism and their values are taken from the BCN
model [5] in the present study.

For the 𝐾−𝑝 channel, the Coulomb interaction should be also taken into consideration in
addition to the strong contribution, which is implemented in the amplitude as

𝑇𝑖 𝑗 (
√
𝑠, 𝑝, 𝑝′) = 𝑇𝑆𝑖 𝑗 (

√
𝑠) + 𝛿𝑖 𝑗𝑇𝑐 (

√
𝑠, 𝑝, 𝑝′) (4)
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Femtoscopy study of 𝜋−Λ and 𝐾− 𝑝 interactions

where 𝑇𝑆
𝑖 𝑗

is the strong scattering amplitude and 𝑇𝑐 is the Coulomb one, obtained from the s-wave
Coulomb interaction kernel applying relativistic correction factors as described in [6].

In the forementioned multichannel scenario, the two-particle CF of the observed 𝑖-th channel
can be expressed through the generalized Koonin-Pratt formula [7],

𝐶𝑖 (𝑝) =
∑︁
𝑗

𝑤 𝑗

∫
𝑑3𝑟 𝑆 𝑗 (𝑟) |Ψ 𝑗𝑖 (𝑝, 𝑟) |2 , (5)

where 𝑝 and 𝑟 are the relative momentum and distance between the two particles, respectively. The
preceding summation covers all possible inelastic transitions to the final state, and the production
weights 𝑤 𝑗 account for the channel production relative to that of the final state.

The relative wave function of the particle pair in Eq. (5), Ψ 𝑗𝑖 (𝑝, 𝑟), can be obtained following
the detailed explanation in [8]. Finally, the source function 𝑆 𝑗 (𝑟), which represents the probability
distribution of producing the 𝑗-th pair at a relative distance 𝑟 , is parametrized by a spherical
Gaussian, 𝑆 𝑗 (𝑟) = (4𝜋𝑅 𝑗)2 exp(−𝑟2/4𝑅2

𝑗
), whose size can be channel dependent and subject to

the feedback from strongly decaying particles. For the 𝐾−𝑝 CF, the employed source sizes are the
experimental ones obtained by [1]: 𝑅�̄�𝑁 = 1.08 ± 0.22 fm and 𝑅𝜋Σ, 𝜋Λ = 1.23 ± 0.26 fm. For the
other channels we fix 𝑅𝜂Λ,𝜂Σ0,𝐾+Ξ− ,𝐾0Ξ0 = 1.2 fm. For the 𝜋−Λ CF no experimental information
is yet available, and the same source size, 𝑅 = 1.2 fm, is used for all the involved coupled channels.

3. Results

Fig. 1 shows the𝐾−𝑝 CF predicted by the BCN model together with the experimental data from
[1]. The errorbands of the full CF (black line) are derived from the uncertainties of the parameters
of the BCN model. Excluding the peak at 𝑝 ∼ 250 MeV, corresponding to the Λ(1520) (3/2−)
resonance, which cannot be reproduced with an s-wave approach since pseudoscalar mesons and
octet baryons can only couple with 𝐽𝑃 = 1/2−, it can be appreciated that the model does a good
job reproducing the experimental data. The major discrepancies appear around the �̄�0𝑛 threshold,
where the theory understimates the data points. At low momenta, the attractive behaviour of the
�̄�𝑁 interaction that gives rise to the formation of the Λ(1405) can be appreciated from the scattered
WF of the left plot.

Figure 1: Main plot: 𝐾− 𝑝 CF and its errorbands obtained from the BCN model parameters. The strong,
Coulomb and strong+Coulomb contributions are shown together with the experimental data from ALICE
[1]. Left and right plots: free and scattered spatial wave functions at relative momenta 25 MeV and 250 MeV.
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Fig. 2a shows the sequential contributions of the coupled channels to the 𝐾−𝑝 strong-only
CF are shown. The elastic channel (red line) by itself is unable to produce the full CF, and the
contribution of the other channels is needed, specially the �̄�0𝑛 and 𝜋Σ ones. Fig. 2b shows the full
CF predicted by the BCN model including also the Coulomb contribution, where the errorbands
are now derived from the source radii uncertaintiess. In [1] it was claimed that a modification
of the strength of the coupled-channel interaction was needed in order to correctly reproduce the
experimental CF. As shown in this figure, we do not support this claim since the unmodified theory
is perfectly able to reproduce the experimental data almost within 1𝜎 when the source uncertainties
are considered.

Figure 2: a) Sequential contributions of the coupled channels to the 𝐾− 𝑝 CF. b) 𝐾− 𝑝 strong+Coulomb CF
and its errorbands obtained from the source radii, together with the experimental data from ALICE [1].

We now analyze our prediction of the 𝜋−Λ CF. Even though no experimental information on
this channel is yet available, it is currently under analysis by ALICE, and this prediction will serve
to test the theory below the 𝐾−𝑝 threshold. In Fig. 3 the 𝜋−Λ CF is shown with the errorbands
derived from the BCN model. Unlike the �̄�𝑁 one, the 𝜋Λ strong interaction is very weak, as
reflected in the CF strength, and the 𝐾−𝑛 threshold can be clearly seen as a cusp at 250 MeV. At low
momenta, the scattered WF indicates a very weak repulsive interaction, while at higher momenta
the WF is enhanced by an attractive behaviour.

Figure 3: Main plot: 𝜋−Λ CF and its errorbands obtained from the BCN model parameters. Left and right
plots: free and scattered spatial wave functions at relative momenta 25 MeV and 250 MeV, respectively.

In Fig. 4a the cc contributions to the 𝜋−Λ CF are depicted. In contrast to the 𝐾−𝑝 case, here
the elastic channel is sufficient to produce the full CF at low momenta. As the momentum increases,
the inelastic contributions become more relevant, specially around the 𝐾−𝑛 opening, where the full
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Femtoscopy study of 𝜋−Λ and 𝐾− 𝑝 interactions

cusp structure is only achieved when including the 𝐾−𝑛 channel. Finally, in Fig. 4b the 𝜋−Λ CF
is shown for three different source sizes: 𝑅 = 1.0, 1.2 and 2.5 fm. The CF highly depends on the
source, its strength being enhanced by smaller sizes. Therefore, one must account for the source
uncertainties once the data is available in order to properly compare the theoretical predictions with
experiment.

Figure 4: a) Sequential contributions of the coupled channels to the 𝜋−Λ CF. b) 𝜋−Λ CF for different values
of the source radii, 𝑅 = 1.0, 1.2 and 2.5 fm.

4. Summary and conclusions

In this work we study the femtoscopic CFs of MB pairs in the 𝑆 = −1 sector employing a cc
unitarized chiral model up to NLO. When considering the experimental source size uncertainties,
the calculated 𝐾−𝑝 CF is in good agreement with the ALICE experimental data. This is in contrast
with the claim made by the same collaboration that the chirally motivated models should be revisited
in order to reproduce the femtoscopic𝐾−𝑝 data. We also give a novel prediction of the 𝜋−ΛCF. This
channel will allow us to access the 𝐾−𝑝 subthreshold energy range of the 𝑆 = −1 MB interaction
and test the theoretical model once the corresponding experimental CF is available.
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