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In this work, we show how n*Kg femtoscopic correlations, recently reported by ALICE collabo-
ration in pp collisions, can be well described taking into account relativistic corrections and using
realistic 7K interactions. These are obtained from a dispersive analysis of scattering data, which
provides an accurate and model-independent description of the «x/Kj(700) resonance pole. The
chiral symmetry suppression of the 7K interactions at low energies and the non-ordinary features
of the /K (700) seem to suggest that the 7*Ks source radius might be surprisingly smaller than
for other hadronic processes when using the standard and simple Lednicky-Lyuboshits factoriza-

tion approximation.
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1. Introduction

The study of femtoscopic correlations between particle pairs was originally devised to de-
termine the space-time structure of a particle emitting source [1]. In recent times, however, this
formalism has gained an increasing interest in relativistic collisions carried out at LHC. Benefiting
from the huge statistics available there, it is now also seen as a tool to extract information on how
the pair interacts, mainly when the interaction is not accessible by other means. That is the case
of hyperon-nucleon reactions, where the scattering data are extremely scarce [2]. The femtoscopy
method could also prove valuable for light mesons. ALICE collaboration at CERN suggests that
the femtoscopy formalism could shed light on open questions in the low-energy region, such as the
nature of promising exotic resonances. Examples are the a((980) [3] and our case of interest, the
k/K;(700), discussed in [4] using 7*Ks femtoscopic correlations. In this talk, we identify several
caveats and propose the corresponding improvements on the simple but rather standard theoretical
formalism used in [4].

Experimentally, the correlation function is measured as the ratio between the momentum
distribution of particle pairs in the same event and a reference momentum distribution of pairs from
different events. This ratio approaches unity when the momenta are large and no correlations are
present. The theoretical correlation function C(k*), with k* the pair center-of-mass momentum
(CM), is typically described using the Koonin-Pratt formalism [5, 6], C(k*) = f S(r) |y (k*, r)|>d>r,
as the spatial overlap of the squared modulus of the pair wave-function ¢ and the source S. The
source is usually modeled as a normalized Gaussian distribution, depending on the relative distance
between the particle pair r and the source radius R.

2. ALICE Data and model

In [4], the ALICE collaboration reports remarkable data from n*Kg femtoscopic s-wave
correlations. The data are collected in 3 sets with different cuts, according to the multiplicity
classes and the dependence of transverse momentum of the measured pairs. In order to extract
the actual correlations, the raw correlation data have been thoroughly treated to remove non-
femtoscopic effects, such as soft parton fragmentation, and the contribution of the K*(892), at the
cost of introducing two more fit parameters. ALICE describes the remaining s-wave correlations
with the widely used and popular model of Lednicky and Lyuboshits (LL) [7]:
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The model is non-relativistic (NR), it assumes a Gaussian form of the source and the on-shell
factorization of the scattering amplitude f(k*). F; and F> are two known analytic functions that
appear when integrating the intermediate pion and kaon propagators with total momentum k*
together with the source. Then, « is a symmetry factor (1/2 in our case), R is the source radius,
and A, called correlation strength, accounts for the purity of the genuine pairs. Both R and A are
free parameters. The AC term is a correction to the LL formula, which assumes, by construction,
outgoing free spherical waves instead of the true scattered waves.
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In addition, for f(k*), ALICE assumes that the 7K s-wave scattering is purely elastic with
isospin / = 1/2. They also impose that the / = 1/2 wave is completely dominated by the x/K;(700)
resonance, which they parametrize as a relativistic Breit-Wigner (BW) amplitude,

* Y
fk) = — )

RS~ iyk* ’
where Mg and vy are fit parameters that represent the mass and width of the resonance respectively,
while s denotes the total relativistic energy in the CM frame.

Now that the ALICE model is presented, some concerns arise. First, there is no [ = 3/2
contribution, so it neglects any inelastic effect. In nature, 7*Ks couples to 7*K; or 7°K*, which
are different combinations of isospin 1/2 and 3/2. Second, the pion mass M, =~ 0.14 GeV, is
significantly smaller than the maximum momentum considered, k* ~ 0.76 GeV, pointing to the
need for relativistic corrections. Regarding the choice of the BW to model the final state interaction
(FSI), the very broad and not ordinary «/K;(700) resonance does not saturate unitarity, unlike a
typical BW-like pole. Besides, an ordinary BW overestimates the interaction near threshold, since,
in real life, it is suppressed by the SU(3) chiral symmetry-breaking dynamics that dominate in this
region. Indeed, Fig. 1 shows how the BW (red curve) is unable to reproduce the 7K scattering data
(black square and circle points) [8, 9]. Moreover, the fit values of Mg and y in [4] are inconsistent
for each dataset, although they should describe the same final state 7K interaction.

3. Improvements

In this work, we will improve each of the above points. In order to see their individual effects,
we will first implement them separately and only consider them together at the end. Thus, first,
we keep the FSI unchanged and implement relativistic corrections, constructing the wave-function
of the pair from the Bethe-Salpeter equation [10]. This essentially consists of replacing the usual
NR propagators and integral measure with their relativistic counterparts [11, 12]. Surprisingly, the
correction is already large (= 20%) at the threshold due to the virtual momenta integration needed to
obtain the relativistic versions of Fj and F>. In Fig. 2, we plot C(k*), where the effect of relativistic
corrections is seen to be important also in absolute terms. At high energies, the relativistic (green)
and NR (blue) curves look identical because the correlations become very small anyway.

Regarding the interaction, we now keep the NR LL formula but employ a dispersive parametriza-
tion of the nK scattering data, the so-called Constrained Fits to Data (CFD) [13], instead of the
elastic BW proposed by ALICE to model the FSI. As shown in Fig. 1 (blue curve), this provides an
accurate description of the 7K scattering data, extracted from [8, 9] in the scalar combination 7t K.
It is worth noting that neglecting the isospin / = % component (red and blue dashed lines) has a
small but noticeable effect in the scattering data. Moreover, for the 7* K channel we are interested
in for femtoscopy, the I = 3/2 component is enhanced by an additional factor of 4. Additionally,
an inelastic term is needed in the correlation function to consider all channels coupled to 7K.
Fig. 2 shows that C(k*) significantly decreases for the same R and A once the CFD parametrization
and coupled channels are included (orange curve), and this effect is even more pronounced than the
relativistic corrections mentioned earlier.
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Figure 1: K scattering data in the scalar channel K*7~ (Aston [8] in open square markers, Estabrooks [9]
in filled circular markers). The scalar channel amplitude is defined as fg = Aol/ 25 A03/ 2 /2 = | fs|exp (igs).
Top: | fs|, Bottom: ¢s. The red line is the BW used by ALICE (Fit 1. The other two are similar). Blue lines

correspond to the dispersive analysis of [13]. Dashed lines are obtained ignoring the 7 = 3/2 contribution.
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Figure 2: The blue curve is the result of ALICE (fit 1, Fig. 2 in [4]) using the LL formula with an elastic BW
for the Kgn® interaction. The green line just replaces the LL non-relativistic formula with our relativistic
equation. The orange line keeps the LL formulation but replaces the BW with a realistic description of K7
scattering data, including its / = 3/2 component, and also accounts for the effect of coupled channels.
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4. Preliminary results

When we implement simultaneously relativistic corrections, coupled channels, and the disper-
sive parametrization discussed above, we obtain the fits to the data shown in Fig. 3. In contrast
to the ALICE fits, which required 6 parameters for each dataset, our approach only needs 3 fit
parameters, namely, an overall normalization factor x (which differs from 1 by less than 1%), the
source radius R, and the correlation strength 4. The reason for this reduction is that we adopt
the same K interaction for the 3 sets, fixed from scattering data, whereas ALICE fits Mg,y and
an extra parameter used to obtain the scalar femtoscopic correlations from their raw correlations.
Our curves reproduce nicely the correlation data, particularly in the elastic region below the Kn
threshold. Note that in Fig. 3 the values that we obtain for the source radius are smaller than those
typical in the literature (around 1 fm), which may raise questions about the validity of the widely
used on-shell factorization models for relativistic light mesons, as well as the conclusions drawn
about the nature of the «/K;(700) in [4].
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Figure 3: Our preliminary description of femtoscopic s-wave correlations for the 3 ALICE datasets [4].
The red lines and bands are the results of our fits using our formalism with realistic Kx interactions and
relativistic corrections. The dashed black line marks the opening of the K1 threshold, where our formalism
is formally no longer valid, although it still yields a fairly good qualitative description.
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