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1. Introduction

In the field of relativistic heavy-ion collisions (RHICs), femtoscopy studies have been employed
for various purposes throughoutits history [1]. Recently, femtoscopy correlations have been used for
investigating the strong interaction between hadrons and the possible dynamical states that can arise
from them. The central quantity of femtoscopy analyses is the correlation function, which is defined
as the ratio between the two-particle spectra and the product of two single particle distributions as
functions of the relative momentum [2]. As a theoretical approach to the correlation function we
use the Koonin-Pratt formula [1, 2],
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where ¢ is the relative momentum of the two particles in the center of mass (CM) frame and w; are
weights of the hadron pair i that measures how abundantly it is produced in the collision. S;(r) is
the source function, which represents the probability of a pair i to be emitted at a relative distance
r. Finally, ¥;(q, r) is the pair wave function that will relate the initial channel, i, to the asymptotic
final one. The sum will extend over all the channels i that couple to the asymptotic final one.

For the source function—which we assume to be independent of i—we follow previous
works [2, 3] and adopt a spherically symmetric Gaussian form depending only on the Gaussian
radius R. In this work, we use different values for R depending on the channel we study, and the
type (pp or nucleus-nucleus) and centrality of the collision [3].

To obtain the wave function of the meson-baryon pair, ¥;(q, ), we model the interaction using
baryon chiral perturbation theory (yPT) [4] and consider only contact terms (Weinberg-Tomozawa
interaction) projected onto the s-wave [4],
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where p;, p; are the CM relative momenta in the initial and final states, C;; are real isospin

coefficients and f;, f; the meson decay constant of the initial and final channels. The masses and
energies refer to the baryons of each channel.

To overcome the low-energy limitations of yPT, we will introduce a unitarized version of the
amplitudes, obtained from the solution of a Bethe-Salpeter (BS) equation. The nonperturbative
equation leading to the 7-matrix for the meson-baryon interaction reads [4],
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where P is the total four momentum, V;; is the interaction potential between channels i, j and
Z)IB (P-gq), Z);D (g) are the baryon and the pseudoscalar meson propagators for the channel /.

2. TROY framework

The calculation of the 7-matrix elements (3) will be performed using TROY (7-matrix-based
Routine for hadrOn femtoscopY). Using the interaction potential of Eq. (2), TROY first com-
putes the off-shell 7 matrix elements given in (3), using a Gaussian form factor, V;;(p;, q; P) —
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Vi (pi, q; P) exp(—( pf +g%)/A?), to regulate the momentum integral, where A is a ultraviolet cut-
off which is determined by fixing the pole positions of the generated resonances to their physical
values, as we will indicate later. Once the off-shell 7" matrix is calculated, TROY computes the
s-wave projection of the wave function, necessary for the correlation function [5],
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As some channels involve charged particles (7~ p, n*p), the Coulomb interaction is included into
the potential for a complete description of the wave function. See technical details in Ref. [5].
Assuming that only the strong / = 0 partial wave affects appreciably the wave function, the
Koonin-Pratt formula, Eq. (1) can be written as
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where ¢;(q; r) is the total wave function that includes the s—wave strong and Coulomb interactions,
d)?(q; r) is the total Coulomb wave function (with all partial waves included) and Cl)gf(qr) is its
s—wave projection.

3. Results: meson-baryon correlation functions

Experimental data for 77 p and n*p channels are currently under analysis by the ALICE
collaboration [6]. We have implemented the meson-baryon potentials for the S = 0 sector and used
a cutoff of A = 1125 MeV, which reproduces previous results using the on-shell 7-matrix equation
to fix the N (1535) resonance [7]. Details on the methodology will be given elsewhere [8].
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Figure 1: Correlation functions forthe 7~ p (S, Q) = (0,0) (left) and 7*p (S, Q) = (0, 2) (right) as functions
of the relative momentum. We use a Gaussian radius of R = 1 fm, a typical value for pp collisions.

The results for the 7~ p channel are shown in the left panel of Fig. 1. The effect of coupled
channels is added to the final correlation function, where we used w; = 1 for simplicity. The
correlation function remains mostly above one, reflecting the attractive influence of the Coulomb
force. The modification of the strong interaction is large and positive, given the attractive character
in this channel. In contrast, the 7*p case, shown in the right panel of Fig. 1, exhibits a repulsive
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Coulomb contribution that generates a correlation function below one. Additionally, in this channel,
the strong interaction is also repulsive, as shown by the fact that the curve with both interactions is
below the curve with only the Coulomb contribution.

While in the 7T-matrix equation we generate the N(1535) in both channels, this resonance
has no visible effects on the correlation functions, as the 7N coupling to this resonance is rather
small [7]. It is important to note that we do not account for the p-wave A resonance, making our
results to lack of an important contribution which will be accommodated in the future. So far, our
results are only reliable after experimental filtering of the 7NV pairs that come from the A resonance.

Finally, we focus on the correlation function of the KgA system, in which we require to combine
two different correlation functions, since |Kg) = \/% (|K?) +|K®}) . To solve the T-matrix equation
for the K°A channel, belonging to the § = —2 sector, we have used A = 770 MeV as a natural value,
where the scale is taken as the p meson mass. Details will be given in Ref. [8].
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Figure 2: Correlation function for the KgA system. Top, left: TROY calculation using baryon yPT
with R = 3.61 fm. Top, right: Experimental result from ALICE using PbPb mid-peripheral collisions at
Vsnn =2.76 TeV [3]. Bottom: TROY prediction for pp collisions using small Gaussian radii.

The result for the KgA correlation function is shown in Fig. 2 (top, left) compared to ALICE
results in mid-peripheral PbPb collisions (top, right). To account to the larger size of that system
we applied R = 3.61(44)(30) fm [3] in the theoretical prediction. Despite the rather flat structure
of the correlation function we observe an excellent match between our result and the experimental
data. Our error band is coming from the uncertainty of the Gaussian radius. The minimum that
appears in our calculation is due to the combined effect of two resonances: the N(1535) in the K°A
channel (S = 0) and the Z(1620) which appears in the K°A channel (S = —2).

In the bottom panel of Fig. 2 we present the K g A correlation function for pp collisions calculated
by reducing the Gaussian radius to the range R € (0.8, 1.4) fm. We observe the minimum produced
by the N(1535), E(1620) resonances as well as a cusp due to the opening of several KX channels.
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4. Conclusions and Outlook

We have presented our first results on meson-baryon femtoscopy correlation functions in the
S = 0and § = -2 sectors using the TROY formalism. From effective potentials calculated at
leading-order in baryon yPT we have solved the T-matrix equation and reconstruct the meson-
baryon wave functions. Finally, these have been implemented into the Koonin-Pratt formula to
obtain the correlation functions of px*, pr~ and KgA. We have covered pp and PbPb collisions
measured by the ALICE collaboration, by varying the range of the source function. In the future we
plan to provide other meson-baryon channels, adjust the weighting factors w; (so far taken to one),
and incorporate the p-wave narrow states, like the A and Z(1680) resonances, which are expected
to have a prominent role in the final correlation functions.
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