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Annihilation dynamics plays a fundamental role in the baryon-antibaryon interaction (B-B) at low-
energy and its strength and range are crucial in the assessment of possible baryonic bound states.
Experimental data on annihilation cross sections are available for the p-p system but not in the low
relative momentum region. Data regarding the B-B interaction with strange degrees of freedom are
extremely scarce, hence the modeling of the annihilation contributions is mainly based on nucleon-
antinucleon (N-N) results, when available. In this letter we present a measurement of the p-p, p-A@®p-A
and A-A interaction using correlation functions in the relative momentum space in high-multiplicity
triggered pp collisions at 4/s = 13 TeV recorded by ALICE at the LHC. In the p-p system the couplings
to the mesonic channels in different partial waves are extracted by adopting a coupled-channel approach
with recent yEFT potentials. The inclusion of these inelastic channels provides good agreement with
the data, showing a significant presence of the annihilation term down to zero momentum. Predictions
obtained using the Lednicky-Lyuboshits formula and scattering parameters obtained from heavy-ion
collisions, hence mainly sensitive to elastic processes, are compared with the experimental p-A@®p-A
and A-A correlations. The model describes the A-A data and underestimates the p-A@®p-A data in
the region of momenta below 200 MeV/c. The observed deviation indicates a different contribution of

annihilation channels to the two systems containing strange hadrons.
© 2022 European Organization for Nuclear Research. Published by Elsevier B.V. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction and physics motivation

The baryon-antibaryon interaction (B-B) is dominated at low
energies by annihilation processes, in which transitions from a
state, typically composed of only mesons, to a B-B state and vice
versa are occurring. Since the first measurement of the proton-
antiproton (p-p) cross section [1], a rich sample of experimen-
tal data has become available, mainly in the nucleon-antinucleon
(N-N) sector. Low-energy scattering experiments [2-4] delivered
data on the total cross section, on the elastic (pp —pp) and
charge-exchange (pp — nn) cross sections, down to laboratory mo-
menta pjap ~ 200 MeV/c. Measurements of the annihilation cross
section reach even lower momenta but are affected by signifi-
cant uncertainties and in particular the momentum region close
to the p-p threshold is currently lacking any experimental con-
straint. This region is however of particular interest for the theo-
retical modeling of p-p interaction since the interplay between the
Coulomb and the annihilation dynamics is dominant.

At threshold, measurements of the energy level shifts and widths
of p—p atoms [5] enabled the extraction of the spin-averaged scat-
tering parameters, confirming a non-zero imaginary part of the
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scattering length related to the presence of inelastic channels due
to the annihilation processes.

Great effort was made in the theoretical description of the short-
range interaction (below 1 fm) of p-p systems since a stronger
elastic attraction, with respect to the p-p case, is expected to oc-
cur in some spin-isospin channels, leading to predictions of the
existence of bound states (baryonia) [5,6]. Findings of broad reso-
nances and enhancements in the p-p invariant mass [7-10] mea-
sured in the decays of charmed and bottom mesons were reported
but no clear evidence of such bound states has been found yet. A
precise understanding of the annihilation dynamics is required to
assess the existence of such states since the bound spectrum could
be washed out by the B-B annihilation part of the interaction.
The annihilation term in the N-N sector is typically described in
chiral-effective potentials [11], meson-exchange [12-14] and quark
models [15] by means of phenomenological optical potentials and
contact interactions with parameters to be fixed from the avail-
able data. The search for baryonia states for B-B systems in the
strangeness sector with hyperons (Y) and antihyperons (Y), e.g.
N-Y, Y-Y is even more challenging since the experimental infor-
mations are very scarce, with pp — AA being the only measured
strangeness exchange process [5]. Consequently, the modeling of
the annihilation for systems as Y-Y (e.g. A-A) is mainly based
on the N-N interaction [16-19]. Measurements of the p-A invari-
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ant mass spectra in photoproduction processes yp — AAp will
become available in the next years [20], but currently no experi-
mental informations neither theoretical predictions are present for
B-B interactions involving a nucleon (antinucleon) and an antihy-
peron (hyperon) such as p-A.

The study of annihilation in B-B systems with strangeness is also
of great interest for the modeling of the re-scattering phase in
heavy-ion collisions (HIC). Several observables as particle spec-
tra and yields strongly depend on the processes occuring at this
stage of the HIC evolution, the B-B annihilation processes above
all. Currently in HIC, the annihilation interaction for pairs contain-
ing strangeness is either modeled assuming scattering parameters
similar to p—-p or with an ad-hoc suppression of the cross section
with respect to the p-p counterpart [21,22].

The present theoretical understanding of the B-B interaction re-
quires additional precise data particularly in the low-momentum
region, where the inelastic contributions from annihilation are rel-
evant. This would shed light on the presence of baryonia bound
states and on how the annihilation dynamics changes for systems
with strangeness.

A step in this direction has recently been achieved with the mea-
surements of two-particle correlations in the momentum space
for p-p, p-A and A-A pairs performed in ultra-relativistic Pb-Pb
collisions at LHC [23]. The extracted spin-averaged scattering pa-
rameters are in agreement for all B-B pairs indicating that the
annihilation part for all B-B pairs is similar at the same relative
momentum. The p-A pairs were also measured in Au-Au colli-
sions at RHIC [24], but these results might be biased by the ne-
glected residual correlations [21]. Measurements of hadron-hadron
correlations have been performed in small colliding systems such
as pp and p-Pb, and they delivered the most precise data on
baryon-baryon and meson-baryon pairs, enabling access to the
short-range strong interaction [25-31]. This kind of measurements
in pp collisions can probe inter-particle distances of around 1 fm
and are sensitive to the presence of inelastic channels, below and
above threshold [27,32,33].

In this letter we present the measurements of the correlation
functions of p-p, p-A@®p-A and A-A pairs in pp collisions at
/s = 13 TeV with the ALICE detector [34,35]. To better constrain
the interaction, a differential analysis in pair-transverse-mass (mr)
intervals has been performed for the p-A@®p-A and A-A pairs.
The work presented in this Letter delivers the most precise data
at low momenta for p-p, p-A and A-A systems and provides
additional experimental constraints for the modeling of the B-B
interaction.

2. Data analysis

The main ALICE subdetectors [34,35] used in this analysis are:
the VO detectors [36] used as trigger detectors, the Inner Tracking
System (ITS) [37], the Time Projection Chamber (TPC) [38] and the
Time-of-Flight (TOF) detector [39]. The last three are used to track
and identify charged particles. The high-multiplicity (HM) sample
used in this analysis corresponds to 0.17% of all inelastic pp colli-
sions with at least one measured charged particle within ] < 1
(referred to as INEL>0) [29,30]. The corresponding HM trigger is
defined by coincident hits in both VO detectors synchronous with
the collider bunch crossing and by requiring as well that the sum
of the measured signal amplitudes in the VO exceeds a multiple
of the average value in minimum bias collisions. The rejection of
pile-up events have been applied by evaluating the presence of ad-
ditional event vertices as done in [29,31] and a total of 1.0 x 10°
HM events are selected.

Protons and antiprotons are reconstructed using the procedure de-
scribed in Refs. [29,31]. Primary protons and antiprotons are se-
lected in the transverse momentum range 0.5 < pt < 4.05GeV/c
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and pseudorapidity || < 0.8. A minimum of 80 out of the 159
available spatial points (hits) inside the TPC are required to ob-
tain high-quality tracks. The TPC and TOF detectors select p (p)
candidates by the deviation n, between the signal hypothesis for
the considered particle and the experimental measurement, nor-
malized by the detector resolution o [29,31]. For candidates with
p < 0.75GeV/c, the particle identification (PID) is performed with
the TPC only. For larger momenta, the PID information of TPC and
TOF are combined. The candidates are accepted if their |ns| < 3.
To reject non-primary protons (antiprotons), the distance of clos-
est approach (DCA) of the candidates tracks to the primary vertex
is required to be less than 0.1 cm in the xy-plane and less than
0.2 cm along the beam axis. Contributions of secondary (anti)pro-
tons stemming from weak decays and misidentified candidates are
extracted using Monte Carlo (MC) template fits to the measured
distance of closest approach (DCA) distributions of the to the pri-
mary vertex [25]. The resulting p (p) purity is 99.4% (98.9%). The
corresponding fraction of primary particles is 82.2% (82.3%).

The reconstruction of the A (A) candidates, via their weak decay
A — pn~ (A — prt) [40], is performed following the procedures
described in Refs. [29,31]. A final selection is applied based on the
reconstructed invariant mass [29,31]. The obtained A (A) purity is
95.2% (96.1%). Primary and secondary contributions for A and A
are extracted in a similar way as for protons, via fits to the cosine
of the pointing angle distributions using MC templates. The frac-
tion of primary A (A) hyperons is about 57%. Secondary contribu-
tions from weak decays of neutral and charged E baryons amount
to 22%. The remaining fractions are attributed to $° (29) particles.
Systematic uncertainties on the data are evaluated by varying the
kinematic and topological selection criteria following [29,31].

3. Analysis of the correlation function

The main observable in the analysis presented here is the two-

particle correlation function C(k*), which depends on the relative
momentum k* evaluated in the pair rest frame [25]. In femtoscopy
measurements, the final state is fixed to the measured particle
pair and the corresponding correlation function is sensitive to all
the available initial, elastic and inelastic, channels produced in the
collision [32,33]. For the study of the B-B interaction, the single-
channel Koonin-Pratt equation [41] has to be modified in order to
accommodate the inelastic contributions stemming from the anni-
hilation channels [32,33].
Assuming that the interaction of the pair in the final state i is
affected by the inelastic channels j, the Koonin-Pratt formula is
modified by the introduction of an additive term related to the
processes j — i [32,33,42]:

Ci(k*) = / Bresa) ikt 2

—
~

N
+Za)j/d3r*5(r*)|¢j(k*,r*)|2. (

J#i
The first integral on the right-hand side describes the elastic con-
tribution where initial and final state coincide, while the second
integral is responsible for the remaining inelastic processes j — i.
This last integral depends on two main ingredients: the wave func-
tion y;(k*,r*) for channel j going to the final state i and the

conversion weights wj;. These latter quantities can be written as

wj = o° x @™, in which ©®™ is related to the amount of j

pairs produced in the initial collision and kinematically available
to be converted to the final measured state. Quantitative esti-
mates on these production weights can be obtained combining
thermal model calculations of particle yields [43] with kinemat-
ics constraints from transport models [44]. If the assumed inelastic
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wave function ;(k*,r*) is properly accounting for the coupling
strength, the corresponding a)j. weight is equal to unity.

Recent femtoscopic measurements by the ALICE Collaboration per-
formed on K™ -p pairs in pp [27] and in Pb-Pb collisions [45]
showed that by changing the colliding system, and hence the size
of the emitting source S(r*), the effects on the C(k*) due to the in-
elastic contributions given by the last term in Eq. (1) are enhanced
or suppressed. The wave functions ;(k*,r*) related to the in-
elastic channels are localized at distances r* approximately below
1.5-2 fm and equal to zero above. Hence, performing femtoscopic
measurements with a large emitting source, as it occurs in central
heavy-ion collisions (r* above 5 fm), results in a correlation func-
tion mainly dominated by the elastic contribution, given by the
first term of Eq. (1). For this reason, the C(k*) measured in Pb-Pb
can be modeled with the single-channel Lednicky-Lyuboshits for-
mula [42] assuming a complex scattering length fo, in which the
imaginary part Z fo accounts for an average inelastic contribution
from all j channels.

These inelastic contributions become more relevant when perform-
ing the same measurement in small colliding systems as pp, where
the emitting source size is of the order of 1 fm [46] and the
modeling of the C(k*) requires the knowledge of the exact elas-
tic v (k*,r*) and inelastic ¥;(k*, r*) wave functions obtained from
the solution of a coupled-channel approach [46]. If the theoreti-
cal modeling of the interaction properly accounts for the inelastic
channels (a)j = 1), the use of the modified Koonin-Pratt formula
in Eq. (1) with a proper estimate of the production weights a)?md
will describe the data in both small and large colliding systems as
shown in [45] for the K~ -p system. The use of the single-channel
Lednicky-Lyuboshits model will only be applicable if the wave
functions vj(k*, r*) would be strongly suppressed, corresponding
to a very weak coupling to the inelastic channels.

The B-B interaction investigated in this work is less known with
respect to the K™-p case in [27,45], hence two different ap-
proaches have been used to calculate the theoretical correlation
for the p-p and the A-A, p-A pairs, respectively. For both ap-
proaches the CATS framework is used [47].

The genuine p-p correlation is modeled either by assuming a
Coulomb-only interaction or by also including a strong interac-
tion from N-N chiral effective ( x EFT) potentials at next-to-next-to-
next-to-leading order (N3LO) [11]. The p-p wave functions, avail-
able for S ('So,3S1) and P ('Pq,3Pp,3P;,3P;) partial-waves (PW),
have been evaluated within a coupled-channel formalism in which
only the coupling to the charge-exchange n-n channel is explic-
itly included. The formula in Eq. (1) is used for the genuine p-p
correlation function with the chiral wave functions for the elas-
tic i = p-p and the charge-exchange channel j = n-n [11]. The
wave functions w;"_")pﬁ, accounting for the multi-meson annihila-
tion channels j = X, are not currently available. The annihilation
contribution is implicitly present in the xEFT potentials in [11]
since the parameters of the model are constrained to the most-
recent partial-wave analysis on the available p-p and N-N cross
sections [4].

The Migdal-Watson approximation [48] is used as an approximate
way to explicitly include the additional j = X annihilation chan-
nels. This approximation relies on the fact that these X multi-
meson channels open below the p-p threshold and hence the mo-
mentum dependence of the annihilation potential Vy_, ,5 around
the p-p threshold can be neglected. The wave functions W;leﬁ
for each PW can be rewritten in terms of the elastic component
as a)pwwg%"%pﬁ, with the weights wpw to be determined from
data. These latter weights are directly connected to the conversion
weights w; in Eq. (1) with the strong coupling term wj extended
to the different PW states. A detailed estimate of the yields and

kinematics of the annihilation channels (a)]'?md ), necessary to iso-
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late the strong coupling term in each PW, is not trivial since it
involves contributions stemming from multi-pions channels and it
should include also intermediate states of resonances strongly de-
caying into pions. For this reason, the extracted weights wpw in
this work contain informations not only on the coupling strength
of the mesonic channels to p-p, but also on the abundances of the
contributing multi-meson channels produced in the initial state.
The modeled correlation function reads [33]:

Cop(k*) = / ST Ypp ppl d’r" + / S Vs pp | dr*
+> ppwwpwf S, P
PW

= Cppo pp k) + Canms pp k") + Y CRY (k). (2)
PW

The first and second terms describe the elastic and n-n contribu-
tions, while the last term accounts for the annihilation channels.
The degeneracy in spin and angular momentum is embedded in
the statistical factors ppw. To reduce the number of wpyw weights
to be fitted, a study on the shape of the single inelastic corre-
lation terms Ci";’pﬁ(k*) is performed in each partial wave. The
correlations with a different profile in k* are selected, allowing to
determine three representative contributions: the 1Sg for S states,
the 1P; and 3Pg for P states.

For the two systems containing strangeness, p-A and A-A,
no theoretical wave functions are currently available, hence the
single-channel Lednicky-Lyuboshits analytical formula with a com-
plex scattering length fp is used to evaluate the theoretical cor-
relations [23,42]. As mentioned above, in this single-channel ap-
proach, only the elastic contributions are explicitly accounted
for in the R fy, corresponding to the first term in Eq. (1). The
imaginary part Z fo accounts for an average over all the inelastic
contributions of the B-B interaction, mainly dominated by annihi-
lation. The same approach has been used in the ALICE femtoscopic
measurements in Pb-Pb collisions [23], which delivered the only
available scattering parameters on both the p-A and A-A in-
teraction. For the latter, theoretical predictions are available [16],
providing values for the scattering parameters compatible with the
ALICE Pb-Pb results [23].

The emitting source in Eq. (1) can be determined as a function of
the pair-transverse-mass mt with a data-driven model based on
proton-proton correlations [31]. This allows us to investigate the
interaction for different particle pairs. The properties of the under-
lying interaction in p-A and A-A systems do not depend on mr
and can hence be better constrained using a mr differential analy-
sis. Considering the available sample, 6 and 3 my intervals are used
for the p-A and A-A measured correlations, respectively. These
experimental correlations are compared, in each mr interval, to
the Lednicky-Lyuboshits model by assuming at first the scattering
parameters obtained in the Pb-Pb analysis [23]. Secondly, a simul-
taneous fit for each pair in all the available mt bins is performed
leaving the Z fy to vary in order to test if a better agreement with
the data is achieved. Further discussions on the two different fit-
ting procedures can be found in the next section.

Experimentally, the correlation function is defined as

Nsg(k*) k*—
SE(K*) Kk =00 1 3)
Nwe (k*)

Here Nsg(k*) is the distribution of pairs measured in the same
event, Nyg(k*) is the reference distribution of uncorrelated pairs
sampled from different (mixed) events and N is a normalization
parameter determined by requiring that particle pairs with large k*
are not correlated. The mixed-event sample is obtained by pairing

CkH=N
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particles stemming from events with a similar number of charged
particles at midrapidity and a close-by primary vertex position
along the beam direction as done in [27,29,30]. The correlation
functions of baryon-antibaryon and antibaryon-baryon pairs are
combined to enhance the statistical significance for the p-A pairs,
hence in the following p-A denotes the sum p-A&p-A. The p-p,
p-A and A-A data are fitted with a total correlation function

Crot(k*) = Np x Crodel (K*) X% Chackground (k"), (4)

where Np is a normalization constant fitted to data. The default
fit range is 0 < k* < 500 MeV/c. The modeled Cpodel(k*) =1 +
3" Ai x (Ci(k*) — 1) includes the genuine (i = p-p, p-A, A-A) cor-
relation, estimated from Eq. (2) and using the Lednicky-Lyuboshits
model, and the residual secondary contributions weighted by the
Ai parameters [25]. The genuine contributions for p-p, p-A and
A-A amount to Ap_5 = 66.5%, hp-x =45.8% and 1, 7z = 30.9%, re-
spectively. Residual contributions involving pairs measured in this
work are modeled assuming the corresponding theoretical predic-
tions mentioned above. Contributions involving ©*° (fi’o) and
g0 (§+’0) are considered to be constant in k* due to the limited
theoretical knowledge, and amount to 10.1%, 44.6% and 65.7% for
p-P, p-A and A-A, respectively. A crosscheck on these residuals
by assuming a strong interaction based on the scattering param-
eters extracted in Pb-Pb measurements [23] was performed and
differences in the extracted results with respect to the constant
assumption are found to be negligible.

A variation of +10% to the upper limit of the default fit range
is applied for evaluating the systematic uncertainties. Additionally,
the systematic uncertainties related to the A; parameters are evalu-
ated based on variations of the amount of secondary contributions
to each measured particle species, where the largest source of un-
certainty stems from the ratio X%: A = 0.33 + 0.07 [31,43,49-51].
In addition to the feed-down contributions, a correction for finite
experimental momentum resolution has to be taken into account
for a direct comparison with data [25].

The size of the emitting source employed in the calculation of
Cmodel (k*) for the three B-B pairs is fixed from the data-driven
analysis of p-p pairs, which demonstrates the existence of a com-
mon Gaussian core as a function of mt for all baryon-baryon pairs
when contributions from short-lived strongly decaying resonances
are properly included [31]. For the p-p pairs, the core source size
at the corresponding (mr) = 1.45 GeV/c? is rcore = 1.06 & 0.04 fm
and the associated effective Gaussian source size is ro = 1.22 fm.
The core radii for the p-A and A-A mr bins presented in this let-
ter are reore({(Mr) = 1.75 GeV/c?) = 0.95 4 0.04 fm (g = 1.15 fm)
and reore (M) = 2.12 GeV/c?) = 0.87 4 0.04 fm (rg = 1.11 fm), re-
spectively.

The second term in Eq. (4), Cpackground(k*), accounts for non-
femtoscopic effects due to energy-momentum conservation at
large k* [25] and to minijet phenomena arising from hard pro-
cesses at the parton level, largely present in the measurement of
B-B correlations:

Cbackground k") = Cminijet (k*) 4 Cpaseline (k™)

=[wcCc k™) + (1 — we)Cne (k)] + (a+ bk*).
(5)

A data-driven approach is employed using PYTHIA 8.2 [52] to
model the mini-jet part contained in Cpackground (K*). The parti-
cle production in such simulations is associated to two processes:
particles stemming from a common parton (common ancestors),
leading to the minijet component, and particles coming from dif-
ferent partons (non-common ancestors), responsible for the non-
jet part. The Cinjjer(k™) in Eq. (5) is given by a linear combination
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Fig. 1. Measured p-p correlation function (empty points) with statistical (line) and
systematic (grey boxes) uncertainties. The band represents the Cpackground (k*) fit as
described in the text.

of the common (C¢(k*)) and non-common (Cyc (k*)) contributions
weighted by a factor w¢ and (1 — wc), respectively. The ances-
tor weight w¢ is a free parameter in the fit of Coc(k™) to the
data. The common and non-common correlations obtained from
PYTHIA 8.2 are fitted with a product of three Gaussian functions
up to k* = 2500 MeV/c, providing good agreement with the sim-
ulated data. To account for remaining non-femtoscopic effects at
large k* [25], a linear baseline Cpgseline (K*) = a + bk* is added to
the ancestors term in Eq. (5). The coefficients a and b are fixed by
fitting Cpackground (kK*) to the data in the region of 400 < k* < 2500
MeV/c. The results for p-p pairs are shown in Fig. 1. The band
represents the 1o uncertainty associated to the template fitting.
The shape of Cpackground (k*) agrees within uncertainties with the
data in the region above k* ~ 200 MeV/c, where the non-flat be-
havior of minijet contributions is visible. A change of £10% in this
range and a quadratic polynomial are included to estimate the sys-
tematic uncertainty related to the total background. Similar results
and conclusions are obtained for the p-A and A-A systems.

4. Results

The correlation functions for p-p and for two representative
mr bins of p-A and A-A are shown in Fig. 2 and in Fig. 3, re-
spectively. The results for the remaining mr bins are presented
in Figs. A.1, A.2 of Appendix A.1. The lower panels show the sta-
tistical deviation between data and model expressed in terms of
numbers of standard deviation n,. The width of the band repre-
sents the total uncertainty of the fit. The grey boxes correspond
to the systematic uncertainties of the data. They are maximal at
the lowest k* bin and amount to 1%, 4% and 10% for p-p, p-A
and A-A pairs, respectively. The Cp-p(k*) correlation is compared
first to a Coulomb-only interaction and secondly to a Coulomb +
strong interaction from N-N y EFT potentials with wave functions
for the n-n —p-p process explicitly included [11]. Results for this
latter scenario are obtained by evaluating the genuine p-p correla-
tion in Eq. (2) with only the first two terms and shown in blue in
Fig. 2. The opening of the n-n channel above threshold, expected
as a cusp structure in the C(k*) at k* ~ 50 MeV/c, is not visible
in agreement with the weak coupling already measured in scat-
tering experiments [4]. The chiral model underestimates the data
in the region below 200 MeV/c and it cannot reproduce the en-
hancement above unity of the C(k*) as k* approaches zero. This
increase is not described either by assuming only the Coulomb at-
traction (green band), showing that annihilation is largely present
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Fig. 2. Measured correlation function of p-p pairs. Statistical (bars) and systematic
(boxes) uncertainties are shown separately. The Coulomb only interaction is shown
by the green band. The blue band represents the fit performed using N>LO y EFT
potentials [11] with elastic and n-n coupled-channel. The inclusion of annihilation
channels is shown by the red band, along with the Cpackground (k*), multiplied by
the normalization constant Np obtained in the fit. The reported average x2/NDF
is evaluated in the k* interval [0,400] MeV/c and it includes correlations between
the data points. Lower panel: n, deviation between data and model in terms of
numbers of statistical standard deviations.

close to threshold as k* — 0 MeV/c. The contributions to the p-p
correlation from the multi-meson annihilation channels, produced
as initial states which feed into the measured p-p system, are not
explicitly accounted for in the chiral potential and hence the last
term Y py C)[zﬁp_(k*) in Eq. (2) is currently missing in the fit
shown by the blue band.

The red band in Fig. 2 represents the results obtained from
the explicit inclusion of the annihilation channels in the third
term of Eq. (2) via the Migdal-Watson approximation. The cor-
responding fit provides a better description of the data in the
low k* region where annihilation is dominant. The extracted cou-
pling weights wpw from this femtoscopic fit are wig, = 1.19 &
0.10 (stat) £0.19 (syst) and wsp, = 40.04 £ 4.06 (stat) £4.24 (syst),
while @1p, is compatible with zero. The hierarchy of the coupling
weights in the different PW agrees with the inelasticity parameters
n obtained in the recent partial-wave analysis [4].

For the systems containing strangeness, the Migdal-Watson ap-
proach cannot be employed since only scattering parameters for
the p-A and A-A interaction are available [23]. The values of
R fo and Z fo obtained in Pb-Pb measurements are employed in
the Lednicky-Lyuboshits analytical formula [23,42] to model the
p-A and A-A genuine correlation functions. In Fig. 3, the results
obtained modeling the p-A and A-A theoretical correlations with
the Lednicky-Lyuboshits model described in Sec. 3 are shown. The
first tested scenario assumes the scattering parameters extracted
from Pb-Pb results [23] and the results are denoted by light green
bands. It can be expected that if the direct contributions of the
annihilation channels are negligible, the values extracted in Pb-Pb
will reproduce well also the pp data in this analysis. As can be
seen from the right panel in Fig. 3, this first approach repro-
duces the measured A-A correlation function, with an average

Xx%/NDF = 2.8 evaluated in the k* interval [0,400] MeV/c but it
clearly underestimates the p-A correlation data in the k* region
below 200 MeV/c. A similar trend is observed when performing the
fit to the p-p measured correlation with the Lednicky-Lyuboshits
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approach used in the Pb-Pb results [23] as shown in Fig. A.3 in the
Appendix A.2. The discrepancy hence, as in the p-p case, has to be
attributed to a larger amount of annihilation channels feeding into
the p-A system with respect to the A-A pairs. To validate this
interpretation, a simultaneous fit in all the mt bins is performed
leaving free to vary the imaginary part of the scattering length
T fo, accounting for inelastic channels, and the effective range do.
The negative real part of the scattering length R fo, indicating ei-
ther a repulsive elastic interaction or a possible bound state, is
kept fixed to the Pb-Pb results [23]. To reach a reasonable agree-
ment of the model with p-A data, Zfy has to be increased by
approximately a factor 5.3, while the change in the extracted dg
is negligible. Such a discrepancy can be attributed to the failure
of the single-channel Lednicky-Lyuboshits model to properly ac-
commodate the direct contribution of inelastic channels (last term
in Eq. (1)). A similar fit is applied to the A-A system and val-
ues of Zfo and dy compatible with the Pb-Pb measurements are
found, implying a negligible effect of the direct contribution of an-
nihilation channels. The corresponding results are shown in Fig. 3
(orange band), for p-A (left panel) and A-A (right panel). A sim-
ilar trend is obtained in the remaining mr intervals and shown in
Appendix A.1.

The different results for the p-A and A-A systems may also be
related to a different amount of initially produced multi-meson
states feeding into the two B-B pairs. To substantiate this sce-
nario, a study of the two-meson channel contributions (7%, nK)
is performed using the EPOS transport model [44]. The fraction
of two-mesons pairs f,,_, gz produced in the initial collision and
kinematically available to produce B-B pairs with low k* is esti-
mated. The latter is obtained by dividing the amount of meson-
meson pairs initially produced, having a center-of-mass energy
above the B-B threshold and leading to B-B pairs at low k*, by
the total number of produced two-meson pairs kinematically al-
lowed to create the B-B pairs. Based on this study and consid-
ering these kinematics considerations, a similar amount (~ 6.4%)
is found for p-A and A-A pairs, mdlcatmg that the above effect
is related to the properties of the p—-A and A-A interaction. To
quantify the final relatlve amount of annihilation channels feeding
to the p-A and A-A systems, the fractions have to be multi-
plied by the corresponding coupling constant g, obtained within
an SU(3) Lagrangian by evaluating the trace of the meson-baryon
interaction term [53]. Within this simplified calculations, the cou-
pling strength for the p-A system is found to be approximately
3.3 times larger than for the A-A pairs.

The estimated contribution g x f,,,_, zz, although limited to only
two-meson channels, for p-A pairs is found to be about 6 times
larger than for A-A pairs, mdlcatmg a different annihilation con-
tributions occurring in p-A and A-A interaction which is con-
firmed by the measured correlation functions in Fig. 3. These es-
timations, even though based on a qualitative approach, clearly
indicates that the annihilation for the A-A interaction is present
but it should not be largely dominant over the elastic part. More
input from theory is needed in order to claim if such a condi-
tion is ideal for the formation of bound-states in the A-A system.
The results for the p-A system, however, clearly point to a much
larger presence of the annihilation channels, which might reduce
the possibility to create baryonia. The data presented in Fig. 3 rep—
resent the most precise data currently available on p-A and A-
pairs and can provide constraints for theoretical models on these
interactions.

In conclusion, femtoscopic techniques have been adopted to
study the annihilation dynamics in p-p, p-A and A-A systems.
A quantitative determination of the effective coupling weights,
connected to the annihilation channels present in p-p, has been
obtained adopting a coupled-channel approach with N3LO xEFT
potentials [11]. The largest couplings have been obtained in the
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Fig. 3. Measured correlation function of p-A (left) and A-A (right) pairs for two representative mr bins. Statistical (bars) and systematic (boxes) uncertainties are shown
separately. Results using the Lednicky-Lyuboshits formula with Pb-Pb scattering parameters [23] are shown in light green. Orange bands are the results with dy and Z fo
as free parameters. In grey the corresponding Cpackground (k*), multiplied by the normalization constant Np, is shown. The reported average X2 /NDF is evaluated in the k*
interval [0, 400] MeV/c and it includes correlations between the data points. Lower panel: same as in Fig. 2.

spin triplet P (3Pg) and singlet S (1Sg) state. The inclusion of these
inelastic channels leads to a better agreement between data and
model in the region of k* below 50 MeV/c, indicating a wide pres-
ence of annihilation channels close to threshold. The scattering
parameters obtained in Pb-Pb collisions [23] have been used to
model the p-A and A-A data using the Lednicky-Lyuboshits for-
mula. A consistent description of the A-A correlation is achieved
while an increase of the Zfy in the p-A interaction is needed
to improve the agreement with the p-A data. These results, con-
firmed by kinematics and SU(3) flavor symmetry considerations,
indicate a larger contribution in p-A from annihilation channels in
comparison to A-A. The ALICE data shown in this work delivered
the most precise measurements on p-p, p-A and A-A systems
at low momenta and suggest that baryonia are unlikely to occur
in p-p and p-A systems due to the large annihilation contribu-
tions present for these pairs. A modeling of the B-B interaction
for systems as p-A, based on optical potentials, and a quantitative
estimate of production of the multi-meson annihilation channels
in the collisions, can provide a better understanding of the elas-
tic and the annihilation term which can help to strengthen final
conclusions on possible bound states.
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Fig. A.1. Measured correlation function of p-A pairs for remaining mr bins. Same description as in Fig. 3.
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A.2. Results on p-p pairs with the Lednicky-Lyuboshits model
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Fig. A.3. Measured correlation function of p-p pairs. Statistical (bars) and systematic
(boxes) uncertainties are shown separately. The results assuming the Lednicky-
Lyuboshits model with Coulomb included, as in [23], are shown by the violet band.
The scattering parameters used as input for the Lednicky-Lyuboshits calculations in-
clude only the n-n contribution as coupled-channel [54-56]. The model completely
underestimates the k* region from 50 to 150 MeV/c. As can be seen in Fig. 2, the an-
nihilation channels play a role in this intermediate region and a better description
of the data is achieved when using the Migdal-Watson approximation to include
them. This is a clear indication that the multi-meson channels are explicitly needed
to model the current measured p-p correlation function. The Lednicky-Lyuboshits
calculation also overestimates the coupling to the n-n channel, as can be seen from
the large cusp structure at k* ~ 50 MeV/c not present in the data. Lower panel:
ny deviation between data and model in terms of numbers of statistical standard
deviations.

References

[1] O. Chamberlain, et al., Example of an anti-proton nucleon annihilation, Phys.
Rev. 102 (1956) 921-923.

[2] C. Amsler, F. Myhrer, Low-energy anti-proton physics, Annu. Rev. Nucl. Part. Sci.
41 (1991) 219-267.

[3] C.B. Dover, T. Gutsche, M. Maruyama, A. Faessler, The physics of nucleon - anti-
nucleon annihilation, Prog. Part. Nucl. Phys. 29 (1992) 87-174.

[4] D. Zhou, R.G.E. Timmermans, Energy-dependent partial-wave analysis of all
antiproton-proton scattering data below 925 MeV/c, Phys. Rev. C 86 (2012)
044003, arXiv:1210.7074 [hep-ph].

[5] E. Klempt, F. Bradamante, A. Martin, ].M. Richard, Antinucleon-nucleon interac-
tion at low energy: scattering and protonium, Phys. Rep. 368 (2002) 119-316.

[6] B. Loiseau, S. Wycech, Extraction of baryonia from the lightest antiprotonic
atoms, Phys. Rev. C 102 (3) (2020) 034006, arXiv:2007.01775 [nucl-th].

[7] BES Collaboration, J.Z. Bai, et al., Observation of a near threshold enhancement
in th p anti-p mass spectrum from radiative J/yy — ypp decays, Phys. Rev.
Lett. 91 (2003) 022001, arXiv:hep-ex/0303006.

[8] BaBar Collaboration, B. Aubert, et al., Measurement of the B* — ppK* branch-
ing fraction and study of the decay dynamics, Phys. Rev. D 72 (2005) 051101,
arXiv:hep-ex/0507012.

[9] BaBar Collaboration, B. Aubert, et al., A study of ete™ — pp using initial state
radiation with BABAR, Phys. Rev. D 73 (2006) 012005, arXiv:hep-ex/0512023.

[10] BESIII Collaboration, M. Ablikim, et al., Spin-parity analysis of pp mass thresh-
old structure in J/y and v’ radiative decays, Phys. Rev. Lett. 108 (2012)
112003, arXiv:1112.0942 [hep-ex].

[11] L.-Y. Dai, J. Haidenbauer, U.-G. MeiRner, Antinucleon-nucleon interaction at
next-to-next-to-next-to-leading order in chiral effective field theory, J. High En-
ergy Phys. 07 (2017) 078, arXiv:1702.02065 [nucl-th].

[12] T. Hippchen, ]. Haidenbauer, K. Holinde, V. Mull, Meson - baryon dynamics in
the nucleon - anti-nucleon system. 1. The nucleon - anti-nucleon interaction,
Phys. Rev. C 44 (1991) 1323-1336.

[13] V. Mull, ]. Haidenbauer, T. Hippchen, K. Holinde, Meson - baryon dynamics in
the nucleon - anti-nucleon system. 2. Annihilation into two mesons, Phys. Rev.
C 44 (1991) 1337-1353.

[14] B. El-Bennich, M. Lacombe, B. Loiseau, S. Wycech, Paris N anti-N potential con-
strained by recent antiprotonic-atom data and antineutron-proton total cross
sections, Phys. Rev. C 79 (2009) 054001, arXiv:0807.4454 [nucl-th].

[15] D.R. Entem, F. Fernandez, The N anti-N interaction in a constituent quark
model: Baryonium states and protonium level shifts, Phys. Rev. C 73 (2006)
045214.

[16] J. Haidenbauer, K. Holinde, V. Mull, J. Speth, Meson exchange and quark - gluon
transitions in the pp — AA process, Phys. Rev. C 46 (1992) 2158-2171.

[17] R.G.E. Timmermans, T.A. Rijken, ].J. de Swart, Strangeness exchange in anti-
proton proton scattering, Phys. Rev. D 45 (1992) 2288-2307.

[18] J. Haidenbauer, T. Hippchen, K. Holinde, B. Holzenkamp, V. Mull, J. Speth, The
reaction pp — AA in the meson exchange picture, Phys. Rev. C 45 (1992)
931-946.

[19] J. Haidenbauer, K. Holinde, J. Speth, The pp — EE reaction in the meson ex-
change picture, Phys. Rev. C 47 (1993) 2982-2985.

[20] GlueX Collaboration, S. Adhikari, et al., The GLUEX beamline and detector, Nucl.
Instrum. Methods A 987 (2021) 164807, arXiv:2005.14272 [physics.ins-det].

[21] A. Kisiel, H. Zbroszczyk, M. Szymanski, Extracting baryon-antibaryon strong in-
teraction potentials from pA femtoscopic correlation functions, Phys. Rev. C
89 (5) (2014) 054916, arXiv:1403.0433 [nucl-th].

[22] E. Seifert, W. Cassing, Baryon-antibaryon annihilation and reproduction in rel-
ativistic heavy-ion collisions, Phys. Rev. C 97 (2) (2018) 024913, arXiv:1710.
00665 [hep-ph].


http://refhub.elsevier.com/S0370-2693(22)00194-0/bib10DAC27901ACD0A081435E50493AFC9Fs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib10DAC27901ACD0A081435E50493AFC9Fs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibB28F62F54D42DE9A9F630E54C1D6CDCFs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibB28F62F54D42DE9A9F630E54C1D6CDCFs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibEC4847E7ADA1B9F8B05E6EDC033113CFs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibEC4847E7ADA1B9F8B05E6EDC033113CFs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibDD3D17EB1909C19E8224D780FE7BDFDCs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibDD3D17EB1909C19E8224D780FE7BDFDCs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibDD3D17EB1909C19E8224D780FE7BDFDCs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibA32D20D622B7AE3BCCC09C2664AA572As1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibA32D20D622B7AE3BCCC09C2664AA572As1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib37B7F20C1F7014DA7C6A9CFC4D9EFD96s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib37B7F20C1F7014DA7C6A9CFC4D9EFD96s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibC2F345B9DE14976F569CE68C2467683Ds1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibC2F345B9DE14976F569CE68C2467683Ds1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibC2F345B9DE14976F569CE68C2467683Ds1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib5A0D33C327099CA0B322DA0071226023s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib5A0D33C327099CA0B322DA0071226023s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib5A0D33C327099CA0B322DA0071226023s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib39223465F460C1D99441FE312845F5CBs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib39223465F460C1D99441FE312845F5CBs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibD9A3E91BEC442E6C0BE88B13AB31F645s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibD9A3E91BEC442E6C0BE88B13AB31F645s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibD9A3E91BEC442E6C0BE88B13AB31F645s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibF818ADAB02BBAEDB98B0DFE6366A9BC5s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibF818ADAB02BBAEDB98B0DFE6366A9BC5s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibF818ADAB02BBAEDB98B0DFE6366A9BC5s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib34FDD29471A9B0601144F889E4CF86BCs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib34FDD29471A9B0601144F889E4CF86BCs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib34FDD29471A9B0601144F889E4CF86BCs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib131EC4F8BF11DA460FC2A73C82A6DE6Cs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib131EC4F8BF11DA460FC2A73C82A6DE6Cs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib131EC4F8BF11DA460FC2A73C82A6DE6Cs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib1E88463A2FE98DB98BDBDD3D0DC88B6As1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib1E88463A2FE98DB98BDBDD3D0DC88B6As1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib1E88463A2FE98DB98BDBDD3D0DC88B6As1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib6408A4B7FE82AA55AF81BFD43EA7F896s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib6408A4B7FE82AA55AF81BFD43EA7F896s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib6408A4B7FE82AA55AF81BFD43EA7F896s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibFE24E3A815C87A471B29E1D88484973Fs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibFE24E3A815C87A471B29E1D88484973Fs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib658D476FC72206004895184B4C32F714s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib658D476FC72206004895184B4C32F714s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibF67596E1CC55E51298B85352AD96F73Es1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibF67596E1CC55E51298B85352AD96F73Es1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibF67596E1CC55E51298B85352AD96F73Es1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib00CE684BFC3CD953B8E69D63643AF8F2s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib00CE684BFC3CD953B8E69D63643AF8F2s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibEE4DAEE637C3B886DA7277E69531F51As1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibEE4DAEE637C3B886DA7277E69531F51As1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibBFCB196E38909C10BAEE65380FFE5E9Es1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibBFCB196E38909C10BAEE65380FFE5E9Es1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibBFCB196E38909C10BAEE65380FFE5E9Es1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib8B4E039EE5E6CA46EFC01CCF7967A4C8s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib8B4E039EE5E6CA46EFC01CCF7967A4C8s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib8B4E039EE5E6CA46EFC01CCF7967A4C8s1

ALICE Collaboration

[23] ALICE Collaboration, S. Acharya, et al., Measurement of strange baryon-
antibaryon interactions with femtoscopic correlations, Phys. Lett. B 802 (2020)
135223, arXiv:1903.06149 [nucl-ex].

[24] STAR Collaboration, ]. Adams, et al., p-A correlations in central Au+Au col-
lisions at ,/syy = 200 GeV, Phys. Rev. C 74 (2006) 064906, arXiv:nucl-ex/
0511003.

[25] ALICE Collaboration, S. Acharya, et al., p-p, p-A and A-A correlations studied
via femtoscopy in pp reactions at /s =7 TeV, Phys. Rev. C 99 (2019) 024001,
arXiv:1805.12455 [nucl-ex].

[26] ALICE Collaboration, S. Acharya, et al., Study of the A-A interaction with fem-
toscopy correlations in pp and p-Pb collisions at the LHC, Phys. Lett. B 797
(2019) 134822, arXiv:1905.07209 [nucl-ex].

[27] ALICE Collaboration, S. Acharya, et al., Scattering studies with low-energy kaon-
proton femtoscopy in proton-proton collisions at the LHC, Phys. Rev. Lett. 124
(2020) 092301, arXiv:1905.13470 [nucl-ex].

[28] ALICE Collaboration, S. Acharya, et al., First observation of an attractive inter-
action between a proton and a cascade baryon, Phys. Rev. Lett. 123 (2019)
112002, arXiv:1904.12198 [nucl-ex].

[29] ALICE Collaboration, S. Acharya, et al., Investigation of the p-x° interaction via
femtoscopy in pp collisions, Phys. Lett. B 805 (2020) 135419, arXiv:1910.14407
[nucl-ex].

[30] ALICE Collaboration, S. Acharya, et al., Unveiling the strong interaction among
hadrons at the LHC, Nature 588 (7837) (2020) 232-238.

[31] ALICE Collaboration, S. Acharya, et al., Search for a common baryon source in
high-multiplicity pp collisions at the LHC, Phys. Lett. B 811 (2020) 135849,
arXiv:2004.08018 [nucl-ex].

[32] Y. Kamiya, T. Hyodo, K. Morita, A. Ohnishi, W. Weise, K~ p correlation function
from high-energy nuclear collisions and chiral SU(3) dynamics, Phys. Rev. Lett.
124 (13) (2020) 132501, arXiv:1911.01041 [nucl-th].

[33] J. Haidenbauer, Coupled-channel effects in hadron-hadron correlation func-
tions, Nucl. Phys. A 981 (2019) 1-16, arXiv:1808.05049 [hep-ph].

[34] ALICE Collaboration, K. Aamodt, et al., The ALICE experiment at the CERN LHC,
J. Instrum. 3 (2008) S08002.

[35] ALICE Collaboration, B. Abelev, et al., Performance of the ALICE experiment at
the CERN LHC, Int. J. Mod. Phys. A 29 (2014) 1430044.

[36] ALICE Collaboration, E. Abbas, et al., Performance of the ALICE VZERO system,
J. Instrum. 8 (2013) P10016.

[37] ALICE Collaboration, K. Aamodt, et al., Alignment of the ALICE inner tracking
system with cosmic-ray tracks, J. Instrum. 5 (2010) P03003, arXiv:1001.0502
[physics.ins-det].

[38] J. Alme, Y. Andres, H. Appelshduser, S. Bablok, N. Bialas, et al., The ALICE TPC,
a large 3-dimensional tracking device with fast readout for ultra-high multi-
plicity events, Nucl. Instrum. Methods A 622 (2010) 316-367, arXiv:1001.1950
[physics.ins-det].

[39] A. Akindinov, et al., Performance of the ALICE time-of-flight detector at the
LHC, Eur. Phys. ]J. Plus 128 (2013) 44.

ALICE Collaboration

Physics Letters B 829 (2022) 137060

[40] Particle Data Group Collaboration, M. Tanabashi, et al., Review of particle
physics, Phys. Rev. D 98 (2018) 030001.

[41] M.A. Lisa, S. Pratt, R. Soltz, U. Wiedemann, Femtoscopy in relativistic heavy
ion collisions, Annu. Rev. Nucl. Part. Sci. 55 (2005) 357-402, arXiv:nucl-ex/
0505014.

[42] R. Lednicky, V. Lyuboshits, Final state interaction effect on pairing correlations
between particles with small relative momenta, Sov. J. Nucl. Phys. 35 (1982)
770.

[43] V. Vovchenko, H. Stoecker, Thermal-FIST: a package for heavy-ion collisions
and hadronic equation of state, Comput. Phys. Commun. 244 (2019) 295-310,
arXiv:1901.05249 [nucl-th].

[44] T. Pierog, 1. Karpenko, J. Katzy, E. Yatsenko, K. Werner, EPOS LHC: test of collec-
tive hadronization with data measured at the CERN large hadron collider, Phys.
Rev. C 92 (3) (2015) 034906, arXiv:1306.0121 [hep-ph].

[45] ALICE Collaboration, S. Acharya, et al., Kaon-proton strong interaction at low
relative momentum via femtoscopy in Pb-Pb collisions at the LHC, Phys. Lett.
B 822 (2021) 136708, arXiv:2105.05683 [nucl-ex].

[46] L. Fabbietti, V.M. Sarti, O.V. Doce, Study of the strong interaction among
hadrons with correlations at the LHC, Annu. Rev. Nucl. Part. Sci. 71 (2021)
377-402, arXiv:2012.09806 [nucl-ex].

[47] D. Mihaylov, V. Mantovani Sarti, O. Arnold, L. Fabbietti, B. Hohlweger, A. Mathis,
A femtoscopic correlation analysis tool using the Schrédinger equation (CATS),
Eur. Phys. J. C 78 (2018) 394, arXiv:1802.08481 [hep-ph].

[48] J. Haidenbauer, C. Hanhart, X.-W. Kang, U.-G. Meif3ner, Origin of the structures
observed in eTe™ annihilation into multipion states around the pp threshold,
Phys. Rev. D 92 (5) (2015) 054032, arXiv:1506.08120 [nucl-th].

[49] ARGUS Collaboration, H. Albrecht, et al., Observation of octet and decuplet hy-
perons in eTe~ annihilation at 10-GeV center-of-mass energy, Phys. Lett. B 183
(1987) 419-424.

[50] M.W. Sullivan, et al., Measurement of the ratio of % to A® inclusive produc-
tion from 28.5-GeV/c protons on beryllium, Phys. Rev. D 36 (1987) 674.

[51] B.S. Yuldashev, et al., Neutral strange particle production in p Ne-20 and p N
interactions at 300-GeV/c, Phys. Rev. D 43 (1991) 2792-2802.

[52] T. Sjostrand, et al., An introduction to PYTHIA 8.2, Comput. Phys. Commun. 191
(2015) 159-177.

[53] L. Olbrich, M. Zétényi, F. Giacosa, D.H. Rischke, Three-flavor chiral effective
model with four baryonic multiplets within the mirror assignment, Phys. Rev.
D 93 (3) (2016) 034021, arXiv:1511.05035 [hep-ph].

[54] CJ. Batty, Anti-protonic hydrogen atoms, Rep. Prog. Phys. 52 (1989) 1165-1216.

[55] B.O. Kerbikov, A.E. Kudryavtsev, Singlet spin fraction in p anti-p and the proton
form-factor at threshold, Nucl. Phys. A 558 (1993) 177C-182C.

[56] M. Pignone, M. Lacombe, B. Loiseau, R. Vinh Mau, Paris N anti-N potential and
recent proton anti-proton low-energy data, Phys. Rev. C 50 (1994) 2710-2730.

S. Acharya '#*, D. Adamova 8, A. Adler /%, J. Adolfsson ®?, G. Aglieri Rinella>>, M. Agnello>',

N. Agrawal >>, Z. Ahammed '#3, S. Ahmad '°, S.U. Ahn’2, I. Ahuja>°, Z. Akbar>?, A. Akindinov °°,

M. Al-Turany ''°, S.N. Alam“!, D. Aleksandrov !, B. Alessandro®!, H.M. Alfanda’, R. Alfaro Molina "3,
B. Ali '°, Y. Ali '#4, A. Alici %, N. Alizadehvandchali '?7, A. Alkin>°, J. Alme?', T. Alt’°, L. Altenkamper?',
I. Altsybeev !>, M.N. Anaam ’, C. Andrei“’, D. Andreou”*, A. Andronic '“®, M. Angeletti >>,

V. Anguelov '%’| F. Antinori~?, P. Antonioli>>, C. Anuj '®, N. Apadula®?, L. Aphecetche '”,

H. Appelshiuser 7%, S. Arcelli *°, R. Arnaldi®’, I.C. Arsene *°, M. Arslandok #3197 'A. Augustinus >°,

R. Averbeck 9, S. Aziz®°, M.D. Azmi '°, A. Badala>’, Y.W. Baek*?, X. Bai '*!"'1% R. Bailhache "°,

Y. Bailung®', R. Bala '%4, A. Balbino >, A. Baldisseri '“°, B. Balis?, M. Ball *4, D. Banerjee %, R. Barbera?’,
L. Barioglio '°-2>, M. Barlou®’, G.G. Barnaféldi ', L.S. Barnby °’, V. Barret 1*7, C. Bartels '*°, K. Barth *>,
E. Bartsch /%, F. Baruffaldi *®, N. Bastid 1?7, S. Basu®?, G. Batigne '/, B. Batyunya’’, D. Bauri°?,

J.L. Bazo Alba "4, .G. Bearden “?, C. Beattie %, I. Belikov *°, A.D.C. Bell Hechavarria '#°, F. Bellini 23>,

R. Bellwied 27, S. Belokurova ''°, V. Belyaev?°, G. Bencedi’', S. Beole 2°, A. Bercuci*’, Y. Berdnikov ',
A. Berdnikova %7, D. Berenyi '4’, L. Bergmann '/, M.G. Besoiu ?, L. Betev >°, P.P. Bhaduri '43,

A. Bhasin '%4, LR. Bhat %4, M.A. Bhat*#, B. Bhattacharjee *>, P. Bhattacharya 3, L. Bianchi 2>, N. Bianchi >,
J. Biel¢ik *3, J. Biel¢ikova %%, J. Biernat 120, A. Bilandzic '°8, G. Biro '/, S. Biswas *, J.T. Blair '?!, D. Blau“’,
M.B. Blidaru ''°, C. Blume %, G. Boca??-*?, F. Bock %%, A. Bogdanov %%, S. Boi 2, J. Bok ®3, L. Boldizsar '#’,
A. Bolozdynya °°, M. Bombara >, PM. Bond 3>, G. Bonomi '4%°?, H. Borel '4?, A. Borissov 4, H. Bossi 4%,
E. Botta 2>, L. Bratrud ’°, P. Braun-Munzinger ', M. Bregant '>3, M. Broz >, G.E. Bruno !7%-34,

M.D. Buckland *°, D. Budnikov ''!, H. Buesching ’°, S. Bufalino 3!, 0. Bugnon ''7, P. Buhler ''°,

10


http://refhub.elsevier.com/S0370-2693(22)00194-0/bib4D67F8E4AD0EF77E6D670A3A3CE85569s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib4D67F8E4AD0EF77E6D670A3A3CE85569s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib4D67F8E4AD0EF77E6D670A3A3CE85569s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib4FFBD1A08471BE80D5B331AC491EE35Bs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib4FFBD1A08471BE80D5B331AC491EE35Bs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib4FFBD1A08471BE80D5B331AC491EE35Bs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib16EF75ECE1067806B3C14AB8DA865319s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib16EF75ECE1067806B3C14AB8DA865319s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib16EF75ECE1067806B3C14AB8DA865319s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibADC201D115F24BBC76F9FDB58BB4FDB7s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibADC201D115F24BBC76F9FDB58BB4FDB7s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibADC201D115F24BBC76F9FDB58BB4FDB7s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib9C2A0D4B2EB87529EC1826DA325B80B5s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib9C2A0D4B2EB87529EC1826DA325B80B5s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib9C2A0D4B2EB87529EC1826DA325B80B5s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibC99AF1B729E8FCD7794D2AF0F529B054s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibC99AF1B729E8FCD7794D2AF0F529B054s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibC99AF1B729E8FCD7794D2AF0F529B054s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibB8967ECCA6E14D3024A6107D3DCC49AAs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibB8967ECCA6E14D3024A6107D3DCC49AAs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibB8967ECCA6E14D3024A6107D3DCC49AAs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib96BA6D84168A9A783EFF016A55FC4594s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib96BA6D84168A9A783EFF016A55FC4594s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibFAABDE831D1F0083E79E0BD1B5A801B6s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibFAABDE831D1F0083E79E0BD1B5A801B6s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibFAABDE831D1F0083E79E0BD1B5A801B6s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibC6E0AD6BFD4987A7FDDCC2E27832A291s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibC6E0AD6BFD4987A7FDDCC2E27832A291s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibC6E0AD6BFD4987A7FDDCC2E27832A291s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib8E19C179403122F21B822F81EA7CC40Ds1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib8E19C179403122F21B822F81EA7CC40Ds1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibB6B818304A439F91FC90B3FE8DD35BE8s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibB6B818304A439F91FC90B3FE8DD35BE8s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib59871511B48DACE8AD692049ABC30454s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib59871511B48DACE8AD692049ABC30454s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib089490FD376D60B8A793B8E895D780A4s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib089490FD376D60B8A793B8E895D780A4s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib55F1ED1651F3058B97871B115C3C9B8Bs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib55F1ED1651F3058B97871B115C3C9B8Bs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib55F1ED1651F3058B97871B115C3C9B8Bs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibE9D94AA80A07CA10C82A5267D45F826As1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibE9D94AA80A07CA10C82A5267D45F826As1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibE9D94AA80A07CA10C82A5267D45F826As1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibE9D94AA80A07CA10C82A5267D45F826As1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib4D47AC40FB98ED4C6B09C07CD09BD479s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib4D47AC40FB98ED4C6B09C07CD09BD479s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibF4D610A71351D0E157804F3752C709F8s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibF4D610A71351D0E157804F3752C709F8s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibB9E4A56DD2ED74B26066DB78D5156A07s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibB9E4A56DD2ED74B26066DB78D5156A07s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibB9E4A56DD2ED74B26066DB78D5156A07s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib9B7C6A79758FDCB9CD5E71A9F70FCD9As1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib9B7C6A79758FDCB9CD5E71A9F70FCD9As1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib9B7C6A79758FDCB9CD5E71A9F70FCD9As1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibB4090D824C68B0626E57DEFBBACB2CEFs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibB4090D824C68B0626E57DEFBBACB2CEFs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibB4090D824C68B0626E57DEFBBACB2CEFs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib4A9884A777D90A59B73E151E4DAAE909s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib4A9884A777D90A59B73E151E4DAAE909s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib4A9884A777D90A59B73E151E4DAAE909s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib73ABEF9EE1070E26FFC34989C860B293s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib73ABEF9EE1070E26FFC34989C860B293s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib73ABEF9EE1070E26FFC34989C860B293s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib3806818F0CCA2AB096C8B03745A1D197s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib3806818F0CCA2AB096C8B03745A1D197s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib3806818F0CCA2AB096C8B03745A1D197s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibEE77F71F2B809C0F6D92320FC9B480F6s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibEE77F71F2B809C0F6D92320FC9B480F6s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibEE77F71F2B809C0F6D92320FC9B480F6s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib29D83D34711EB273C9391007C1A11050s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib29D83D34711EB273C9391007C1A11050s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib29D83D34711EB273C9391007C1A11050s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib43AEECD5FF53B43C45DC3987CD814508s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib43AEECD5FF53B43C45DC3987CD814508s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib43AEECD5FF53B43C45DC3987CD814508s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib9D30BE0868D55BDB9DE37C1998D5C036s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib9D30BE0868D55BDB9DE37C1998D5C036s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibC158809D60939BC29E8634127D164FB2s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibC158809D60939BC29E8634127D164FB2s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib791A0C4BA2E57EE523E0DF67959C0C3Cs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib791A0C4BA2E57EE523E0DF67959C0C3Cs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib06C2927B517A123C96B9F68D789A0208s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib06C2927B517A123C96B9F68D789A0208s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib06C2927B517A123C96B9F68D789A0208s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bibBA4F2395F8AF87DD35CAB4466A09F003s1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib440F41C0B3F6AA9DED58C393E3FE7ADEs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib440F41C0B3F6AA9DED58C393E3FE7ADEs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib97127BDA46DDC930F1688EA09DA7EE1Fs1
http://refhub.elsevier.com/S0370-2693(22)00194-0/bib97127BDA46DDC930F1688EA09DA7EE1Fs1

ALICE Collaboration Physics Letters B 829 (2022) 137060

Z. Buthelezi 74134, |.B. Butt 4, S.A. Bysiak %, D. Caffarri?*, M. Cai?®’, H. Caines '8, A. Caliva ''?,

E. Calvo Villar ', .M.M. Camacho '#?, R.S. Camacho “°, P. Camerini %, ED.M. Canedo '%3,

F. Carnesecchi >>2%, R. Caron '%?, J. Castillo Castellanos '4°, E.A.R. Casula??, F. Catalano ',

C. Ceballos Sanchez 7, P. Chakraborty°°, S. Chandra '43, S. Chapeland 3>, M. Chartier '*°,

S. Chattopadhyay '“3, S. Chattopadhyay ', A. Chauvin??, T.G. Chavez “®, C. Cheshkov >, B. Cheynis '*8,
V. Chibante Barroso >?, D.D. Chinellato '*4, S. Cho %3, P. Chochula ®°, P. Christakoglou 3,

C.H. Christensen °2, P. Christiansen ®3, T. Chujo '*°, C. Cicalo>°, L. Cifarelli 2°, F. Cindolo >>,

M.R. Ciupek ''°, G. Clai®>", J. Cleymans '?®!, F. Colamaria >4, ].S. Colburn ''3, D. Colella '99-°4:34.147

A. Collu®?, M. Colocci>°+25, M. Concas®"!!!, G. Conesa Balbastre 8!, Z. Conesa del Valle %°, G. Contin 24,
J.G. Contreras >¢, M.L. Coquet '4°, T.M. Cormier °?, P. Cortese >?, M.R. Cosentino '>>, F. Costa >>,

S. Costanza 2?>?, P. Crochet '*7, E. Cuautle ’', P. Cui’, L. Cunqueiro??, A. Dainese °®, FP.A. Damas ' 7149,
M.C. Danisch %7, A. Danu®?, I. Das ''2, P. Das 8, P. Das?, S. Das?, S. Dash?Y, S. De ®?, A. De Caro>?,

G. de Cataldo*#, L. De Cilladi?>, ]. de Cuveland “°, A. De Falco 23, D. De Gruttola>", N. De Marco °',

C. De Martin?4, S. De Pasquale ", S. Deb*!, H.F. Degenhardt %, K.R. Deja '#4, L. Dello Stritto °,

S. Delsanto >>, W. Deng’, P. Dhankher '°, D. Di Bari *#, A. Di Mauro >°, R.A. Diaz®, T. Dietel '2°,

Y. Ding *%7, R. Divia >, D.U. Dixit '°, @. Djuvsland ?!, U. Dmitrieva ®°, ]. Do 3, A. Dobrin ®°, B. Dénigus ',
0. Dordic??, AK. Dubey '#3, A. Dubla ''%°3, S, Dudi '°®, M. Dukhishyam %, P. Dupieux *”,

N. Dzalaiova '3, TM. Eder '“, R]. Ehlers °°, V.N. Eikeland *', D. Elia°#, B. Erazmus ''7, F. Ercolessi °,

F. Erhardt '9%, A. Erokhin !>, M.R. Ersdal?!, B. Espagnon °, G. Eulisse >>, D. Evans !'*, S. Evdokimov 4,
L. Fabbietti '°8, M. Faggin %%, ]. Faivre 8!, F. Fan’, A. Fantoni>>, M. Fasel °°, P. Fecchio*!, A. Feliciello ',
G. Feofilov !>, A. Fernandez Téllez“®, A. Ferrero '“°, A. Ferretti %>, V.J.G. Feuillard '°’, ]. Figiel '%°,

S. Filchagin ''!, D. Finogeev ®°, EM. Fionda>%?!, G. Fiorenza>>'%?, F. Flor '*/, A.N. Flores %!,

S. Foertsch 74, P. Foka ''°, S. Fokin ', E. Fragiacomo °?, E. Frajna '#’, U. Fuchs >, N. Funicello *°,

C. Furget®', A. Furs ®°, JJ. Gaardhgje °?, M. Gagliardi >, A.M. Gago ''4, A. Gal '*, C.D. Galvan '??,

P. Ganoti®’, C. Garabatos ''°, ].R.A. Garcia“®, E. Garcia-Solis '°, K. Garg ''’, C. Gargiulo >, A. Garibli °°,
K. Garner %, P. Gasik ''°, E.F. Gauger '?', A. Gautam '?°, M.B. Gay Ducati /%, M. Germain ''’, J. Ghosh ''?,
P. Ghosh 43, S.K. Ghosh“, M. Giacalone 5, P, Gianotti>>, P. Giubellino ''°:6!, P. Giubilato 2%,

AM.C. Glaenzer '“°, P. Glassel '%7, DJ.Q. Goh®, V. Gonzalez '#°, L.H. Gonzalez-Trueba /3, S. Gorbunov *,
M. Gorgon 2, L. Gorlich 129, S. Gotovac 3®, V. Grabski 3, L.K. Graczykowski 144, L. Greiner 2, A. Grellj %%,
C. Grigoras >, V. Grigoriev“°®, A. Grigoryan ", S. Grigoryan’’-', 0.S. Groettvik?!, F. Grosa >*>-°,

J.E. Grosse-Oetringhaus >, R. Grosso ''%, G.G. Guardiano '%4, R. Guernane 8!, M. Guilbaud "7,

K. Gulbrandsen Z, T. Gunji '*°, A. Gupta %, R. Gupta %4, .B. Guzman “°, S.P. Guzman “°, L. Gyulai '*’,
M.K. Habib ''°, C. Hadjidakis ®°, G. Halimoglu ’°, H. Hamagaki ®, G. Hamar '#, M. Hamid 7,

R. Hannigan '?!, M.R. Haque '4+89, A. Harlenderova ''?, J.W. Harris 1“3, A. Harton '°, ].A. Hasenbichler >°,
H. Hassan “?, D. Hatzifotiadou ®>, P. Hauer #4, L.B. Havener '“, S. Hayashi >, S.T. Heckel '8, E. Hellbar 7°,
H. Helstrup *’, T. Herman >¢, E.G. Hernandez “°, G. Herrera Corral ?, F. Herrmann '%, K.F. Hetland *7,

H. Hillemanns >°, C. Hills '*°, B. Hippolyte '*°, B. Hofman 4, B. Hohlweger *>-'°%, J. Honermann '4°,

G.H. Hong '#°, D. Horak *8, S. Hornung ''°, A. Horzyk?, R. Hosokawa '°, P. Hristov >, C. Huang ®°,

C. Hughes '3, P. Huhn 7%, TJ. Humanic '°°, H. Hushnud ''?, L.A. Husova %, A. Hutson '/, D. Hutter *°,
J.P. Iddon 3139 R. Ilkaev ''!, H. Ilyas 4, M. Inaba "¢, G.M. Innocenti >, M. Ippolitov°!, A. Isakov 898,
M.S. Islam ''?, M. Ivanov ''°, V. Ivanov %, V. Izucheev °4, M. Jablonski 2, B. Jacak ®?, N. Jacazio >°,

P.M. Jacobs ®?, S. Jadlovska ''?, J. Jadlovsky ''°, S. Jaelani ®4, C. Jahnke %4123, M. Jakubowska '#4,

M.A. Janik '#4, T. Janson 7%, M. Jercic '%%, 0. Jevons '3, F. Jonas °?'4, P.G. Jones ''®, ].M. Jowett >>-119,

J. Jung 7%, M. Jung 7%, A. Junique *°, A. Jusko '3, J. Kaewjai '8, P. Kalinak ®°, A. Kalweit >, V. Kaplin °°,

S. Kar’/, A. Karasu Uysal ’°, D. Karatovic '%?, 0. Karavichev %, T. Karavicheva >, P. Karczmarczyk '#4,

E. Karpechev ©°, A. Kazantsev®', U. Kebschull /®, R. Keidel “¢, D.L.D. Keijdener ®4, M. Keil >, B. Ketzer **,
Z. Khabanova 2>, A.M. Khan’, S. Khan '°, A. Khanzadeev '°!, Y. Kharlov ?#, A. Khatun !6, A. Khuntia '2°,
B. Kileng®’, B. Kim '7-%3, D. Kim '*°, D.J. Kim %, EJ. Kim 7>, J. Kim '#?, ].S. Kim 2, J. Kim %7, J. Kim '#?,
J. Kim 7>, M. Kim '%7, S. Kim '8, T. Kim '4°, S. Kirsch 7°, 1. Kisel *°, S. Kiselev >, A. Kisiel '##, J.P. Kitowski 2,
J.L. Klay ®, J. Klein %>, S. Klein 32, C. Klein-Bosing '®, M. Kleiner ’°, T. Klemenz %%, A. Kluge *°,

A.G. Knospe '/, C. Kobdaj ''®, M.K. Kéhler '°7, T. Kollegger ''°, A. Kondratyev ’’, N. Kondratyeva “°,

E. Kondratyuk 4, J. Konig ’°, S.A. Konigstorfer '°¢, PJ. Konopka *>>-?, G. Kornakov %4, S.D. Koryciak?,

L. Koska 2, A. Kotliarov “%, 0. Kovalenko ®3, V. Kovalenko !>, M. Kowalski '%°, I. Kralik ®°,

11



ALICE Collaboration Physics Letters B 829 (2022) 137060

A. Kraveakova >?, L. Kreis ', M. Krivda '3-56 F. Krizek ?®, K. Krizkova Gajdosova >¢, M. Kroesen '?’,

M. Kriiger 7°, E. Kryshen '°!, M. Krzewicki*°, V. Kugera 3>, C. Kuhn '3?, P.G. Kuijer **, T. Kumaoka 36,

D. Kumar 43, L. Kumar '3, N. Kumar '°3, S. Kundu *>>-8?, P. Kurashvili ®8, A. Kurepin ®°, A.B. Kurepin °°,

A. Kuryakin ', S. Kushpil °8, J. Kvapil '3, M,J. Kweon ©, ].Y. Kwon 3, Y. Kwon '4°, S.L. La Pointe *°,

P. La Rocca?’, Y.S. Lai®?, A. Lakrathok ''®, M. Lamanna *°, R. Langoy '*?, K. Lapidus 3, P. Larionov °°,

E. Laudi®°, L. Lautner>>'%% R. Lavicka >, T. Lazareva ', R. Lea 142249 . Lee 1*°, ]. Lehrbach4?,

R.C. Lemmon “7, I. Le6n Monzén '22, E.D. Lesser ', M. Lettrich>>:198, P, Lévai '47, X. Li'!, X.L. Li’,

J. Lien 132, R. Lietava '3, B. Lim '/, S.H. Lim '/, V. Lindenstruth“°, A. Lindner #°, C. Lippmann ''°, A. Liu'?,
J. Liu 3%, M. Lofnes !, V. Loginov “°, C. Loizides %, P. Loncar >, ].A. Lopez ', X. Lopez '*7,

E. Lépez Torres®, J.R. Luhder '“®, M. Lunardon ?¢, G. Luparello °?, Y.G. Ma*!, A. Maevskaya ©°,

M. Mager >, T. Mahmoud #4, A. Maire '*°, M. Malaev '°", Q.W. Malik ?°, L. Malinina ’’-'V, D. Mal'’Kevich >,
N. Mallick”!, P. Malzacher ''°, G. Mandaglio ***/, V. Manko?!, F. Manso '*/, V. Manzari 4, Y. Mao’,

J. Mare$ °®, G.V. Margagliotti 24, A. Margotti>>, A. Marin ''°, C. Markert '?!, M. Marquard 7°,

N.A. Martin '%7, P. Martinengo >, J.L. Martinez %/, M.I. Martinez “®, G. Martinez Garcia ',

S. Masciocchi ', M. Masera?®, A. Masoni °°, L. Massacrier 8, A. Mastroserio '4!->4, A.M. Mathis '°8,

0. Matonoha ®3, PET. Matuoka %3, A. Matyja '%%, C. Mayer '%°, A.L. Mazuecos >, F. Mazzaschi *°,

M. Mazzilli >, M.A. Mazzoni °°, J.E. Mdhluli >4, A.F. Mechler ’°, F. Meddi %, Y. Melikyan ©°,

A. Menchaca-Rocha 73, E. Meninno ''%3°, A.S. Menon '?/, M. Meres '3, S. Mhlanga 2574 Y. Miake '°°,

L. Micheletti "2, L.C. Migliorin %4, D.L. Mihaylov '°8, K. Mikhaylov ’7-°>, A.N. Mishra '#7,

D. Miskowiec ''°, A. Modak“, A.P. Mohanty ¢, B. Mohanty °, M. Mohisin Khan '°, Z. Moravcova °?,

C. Mordasini '°8, D.A. Moreira De Godoy '“®, L.A.P. Moreno “°, I. Morozov °°, A. Morsch >>, T. Mrnjavac >°,
V. Muccifora >3, E. Mudnic *®, D. Miihlheim %, S. Muhuri !4, ].D. Mulligan ®2, A. Mulliri *,

M.G. Munhoz %3, R.H. Munzer ’°, H. Murakami '*°, S. Murray '%°, L. Musa >°, J. Musinsky °°,

CJ. Myers %7, J.W. Myrcha 44, B. Naik '*4°%, R. Nair ®®, B.K. Nandi >, R. Nania >, E. Nappi 4,

M.U. Naru '4, A.F. Nassirpour ®3, A. Nath !%7, C. Nattrass >3, A. Neagu?’, L. Nellen’!, S.V. Nesbo *’,

G. Neskovic“?, D. Nesterov ' '°, B.S. Nielsen %2, S. Nikolaev ®!, S. Nikulin °!, V. Nikulin '°?, F. Noferini °°,

S. Noh 2, P. Nomokonov ’7, J. Norman 3%, N. Novitzky 36, P. Nowakowski 44, A. Nyanin °', J. Nystrand %',
M. Ogino ®>, A. Ohlson &, V.A. Okorokov °°, ]. Oleniacz !4, A.C. Oliveira Da Silva '3, M.H. Oliver '4¢,
A. Onnerstad '8, C. Oppedisano®!, A. Ortiz Velasquez’', T. Osako*’, A. Oskarsson 3, J. Otwinowski
K. Oyama®°, Y. Pachmayer '%7, S. Padhan”?, D. Pagano '#>°?, G. Pai¢’!, A. Palasciano”?, J. Pan '#°,
S. Panebianco '#°, P. Pareek '4°, J. Park ®3, J.E. Parkkila '*8, S.P. Pathak '?’/, R.N. Patra '43°, B. Paul %,
J. Pazzini '#%°?, H. Pei’, T. Peitzmann %¢, X. Peng’, L.G. Pereira /2, H. Pereira Da Costa ',

D. Peresunko?!, G.M. Perez 8, S. Perrin '*°, Y. Pestov >, V. Petracek >3, M. Petrovici*°, R.P. Pezzi /2,

S. Piano 2, M. Pikna '3, P. Pillot ''7, O. Pinazza>>->°, L. Pinsky '/, C. Pinto?’, S. Pisano >3, M. Ploskon &,
M. Planinic '°%, F. Pliquett 7%, M.G. Poghosyan 7, B. Polichtchouk ?#, S. Politano ', N. Poljak '°?, A. Pop *°,
S. Porteboeuf-Houssais '*’, J. Porter 8%, V. Pozdniakov 7/, S.K. Prasad %, R. Preghenella >, F. Prino ©’,

C.A. Pruneau ', I. Pshenichnov %>, M. Puccio >°, S. Qiu??, L. Quaglia?®, R.E. Quishpe '?7, S. Ragoni '3,

A. Rakotozafindrabe '4°, L. Ramello *2, F. Rami '*?, S.A.R. Ramirez “®, A.G.T. Ramos *#, T.A. Rancien %',

R. Raniwala '°?, S. Raniwala '%?, S.S. Risianen®’, R. Rath”!, I. Ravasenga ?3, K.F. Read %%-133,

A.R. Redelbach*?, K. Redlich®%:V, A. Rehman?!, P. Reichelt ’°, F. Reidt 3>, H.A. Reme-ness >/,

R. Renfordt 7%, Z. Rescakova >?, K. Reygers '%/, A. Riabov '°!, V. Riabov '°!, T. Richert ®*-?, M. Richter *°,
W. Riegler >, F. Riggi?’, C. Ristea®, S.P. Rode”!, M. Rodriguez Cahuantzi“®, K. Reed *°, R. Rogalev *4,

E. Rogochaya’’, T.S. Rogoschinski ’?, D. Rohr *°, D. Réhrich?!, PF. Rojas %, P.S. Rokita '#*, F. Ronchetti >,
A. Rosano >’ ED. Rosas’!, A. Rossi ¢, A. Rotondi?®>?, A. Roy°!, P. Roy ', S. Roy °?, N. Rubini *°,

0.V. Rueda®?, R. Rui?*, B. Rumyantsev ’’, P.G. Russek?, A. Rustamov °°, E. Ryabinkin !, Y. Ryabov 1°!,

A. Rybicki '?°, H. Rytkonen '*%, W. Rzesa '44, 0.A.M. Saarimaki#>, R. Sadek "7, S. Sadovsky %4, ]. Saetre ',
K. Safafik *%, S.K. Saha '*3, S. Saha®?, B. Sahoo°?, P. Sahoo°?, R. Sahoo°', S. Sahoo ®’, D. Sahu~!,

PK. Sahu®’, J. Saini !4, S. Sakai °°, S. Sambyal !4, V. Samsonov '°1-°%! D. Sarkar '#°, N. Sarkar 43,

P. Sarma#?, V.M. Sarti '°8, M.-H.P. Sas 48, J. Schambach °°-'?!, H.S. Scheid /%, C. Schiaua®’, R. Schicker '%7,
A. Schmah '%7 C. Schmidt "%, H.R. Schmidt '°6, M.O. Schmidt '%, M. Schmidt '°, N.V. Schmidt ?°-7°,
AR. Schmier 1*3, R. Schotter '3, J. Schukraft >, Y. Schutz 1*?, K. Schwarz ', K. Schweda ''°, G. Scioli %°,
E. Scomparin ©!, J.E. Seger '°, Y. Sekiguchi '*°, D. Sekihata '*°, I. Selyuzhenkov %6, S, Senyukov *?,

JJ. Seo ®°, D. Serebryakov ©°, L. Serksnyte 1%, A. Sevcenco ©?, TJ. Shaba’%, A. Shabanov ©>, A. Shabetai'!”,

120

12



ALICE Collaboration Physics Letters B 829 (2022) 137060

R. Shahoyan °, W. Shaikh ', A. Shangaraev“#, A. Sharma '°3, H. Sharma '%°, M. Sharma '%4,

N. Sharma '%, S. Sharma %, 0. Sheibani '%, K. Shigaki“*’, M. Shimomura ®®, S. Shirinkin °>, Q. Shou*!,
Y. Sibiriak®', S. Siddhanta °®, T. Siemiarczuk ®, T.F. Silva '?3, D. Silvermyr ®*, G. Simonetti >, B. Singh %8,
R. Singh 87, R. Singh 14, R. Singh ', V.K. Singh '“?, V. Singhal '4?, T. Sinha ''?, B. Sitar ', M. Sitta>?,

T.B. Skaali *°, G. Skorodumovs '%’, M. Slupecki %>, N. Smirnov '#¢, RJ.M. Snellings °*, C. Soncco !4,

J. Song '?7, A. Songmoolnak ''®, F. Soramel ?8, S. Sorensen >3, I. Sputowska '2°, J. Stachel '%7, I. Stan ®°,
PJ. Steffanic 3, S.F. Stiefelmaier '%/, D. Stocco "7, I. Storehaug 2, M.M. Storetvedt>’, C.P. Stylianidis °,
A.AP. Suaide '?3, T. Sugitate*’, C. Suire 8, M. Suljic >*, R. Sultanov ?>, M. Sumbera °¢, V. Sumberia '%4,

S. Sumowidagdo 2, S. Swain®’, A. Szabo '3, I. Szarka '3, U. Tabassam !4, S.F. Taghavi '°%, G. Taillepied '*’,
J. Takahashi '%4, GJ. Tambave %!, S. Tang '*”-7, Z. Tang '*', M. Tarhini ''’, M.G. Tarzila*°, A. Tauro *°,

G. Tejeda Mufioz “°, A. Telesca >°, L. Terlizzi 2>, C. Terrevoli '%/, G. Tersimonov >, S. Thakur '%3,

D. Thomas %!, R. Tieulent 1?3, A. Tikhonov %>, A.R. Timmins '*/, M. Tkacik ''°, A. Toia’°, N. Topilskaya °,
M. Toppi >, F. Torales-Acosta '°, T. Tork %, R.C. Torres 2, S.R. Torres *%, A. Trifir6 >>°, S. Tripathy >>-'!,
T. Tripathy °°, S. Trogolo >>»%8, G. Trombetta >4, V. Trubnikov >, W.H. Trzaska '*8, T.P. Trzcinski 44,

B.A. Trzeciak ®%, A. Tumkin ''!, R. Turrisi %, T.S. Tveter 2%, K. Ullaland 2!, A. Uras '*8, M. Urioni >%-'42,
G.L. Usai %3, M. Vala>?, N. Valle®?29, S. Vallero®', N. van der Kolk ®4, L.V.R. van Doremalen %%,

M. van Leeuwen 3, P. Vande Vyvre *°, D. Varga '4’, Z. Varga !4/, M. Varga-Kofarago '#’, A. Vargas “°,

M. Vasileiou®’, A. Vasiliev?!, 0. Vazquez Doce 1%, V. Vechernin ''°, E. Vercellin %>, S. Vergara Limén #°,
L. Vermunt %4, R. Vértesi '47, M. Verweij ®4, L. Vickovic*°, Z. Vilakazi >4, 0. Villalobos Baillie ',

G. Vino~%, A. Vinogradov®', T. Virgili *°, V. Vislavicius %, A. Vodopyanov ’’, B. Volkel >°, M.A. V6lkl '%7,
K. Voloshin 9, S.A. Voloshin 4>, G. Volpe **, B. von Haller >, 1. Vorobyev '°8, D. Voscek ', J. Vrlakova >?,
B. Wagner?!, C. Wang“!, D. Wang“!, M. Weber ''®, RJ.G.V. Weelden **, A. Wegrzynek >, S.C. Wenzel >,
J.P. Wessels '4®, J. Wiechula ’°, J. Wikne %°, G. Wilk 8, J. Wilkinson ''°, G.A. Willems '4°,

B. Windelband '/, M. Winn '4°, WE. Witt 1>, J.R. Wright 1?1, W. Wu#!, Y. Wu *! R. Xu”’, S. Yalcin ’?,

Y. Yamaguchi#’, K. Yamakawa*’, S. Yang?!, S. Yano#”-'%%, Z. Yin’, H. Yokoyama 4, 1.-K. Yoo 7,

J.H. Yoon ®3, S. Yuan?!, A. Yuncu '/, V. Zaccolo?4, A. Zaman '4, C. Zampolli >*, HJ.C. Zanoli *%,

N. Zardoshti >, A. Zarochentsev !, P. Zavada ®®, N. Zaviyalov ', H. Zbroszczyk '#4, M. Zhalov '°!,

S. Zhang*!, X. Zhang’, Y. Zhang *', V. Zherebchevskii ''°, Y. Zhi'!, D. Zhou”’, Y. Zhou??, J. Zhu7-'19,

Y. Zhu’, A. Zichichi?®, G. Zinovjev >, N. Zurlo '42-°?

1 AL Alikhanyan National Science Laboratory (Yerevan Physics Institute) Foundation, Yerevan, Armenia
2 AGH University of Science and Technology, Cracow, Poland

3 Bogolyubov Institute for Theoretical Physics, National Academy of Sciences of Ukraine, Kiev, Ukraine

4 Bose Institute, Department of Physics and Centre for Astroparticle Physics and Space Science (CAPSS), Kolkata, India
5 Budker Institute for Nuclear Physics, Novosibirsk, Russia

6 California Polytechnic State University, San Luis Obispo, CA, United States

7 Central China Normal University, Wuhan, China

8 Centro de Aplicaciones Tecnoldgicas y Desarrollo Nuclear (CEADEN), Havana, Cuba

9 Centro de Investigacion y de Estudios Avanzados (CINVESTAV), Mexico City and Mérida, Mexico

10 Chicago State University, Chicago, IL, United States

1 China Institute of Atomic Energy, Beijing, China

12 Chungbuk National University, Cheongju, Republic of Korea

13 Comenius University Bratislava, Faculty of Mathematics, Physics and Informatics, Bratislava, Slovakia
14 COMSATS University Islamabad, Islamabad, Pakistan

15 Creighton University, Omaha, NE, United States

16 Department of Physics, Aligarh Muslim University, Aligarh, India

17 Department of Physics, Pusan National University, Pusan, Republic of Korea

18 Department of Physics, Sejong University, Seoul, Republic of Korea

19 Department of Physics, University of California, Berkeley, CA, United States

20 Department of Physics, University of Oslo, Oslo, Norway

21 pepartment of Physics and Technology, University of Bergen, Bergen, Norway

22 pipartimento di Fisica dell’'Universitd ‘La Sapienza’ and Sezione INFN, Rome, Italy

23 Dipartimento di Fisica dell'Universita and Sezione INFN, Cagliari, Italy

24 pipartimento di Fisica dell’'Universita and Sezione INFN, Trieste, Italy

25 Dipartimento di Fisica dell’'Universita and Sezione INFN, Turin, Italy

26 Dipartimento di Fisica e Astronomia dell'Universita and Sezione INFN, Bologna, Italy

27 Dipartimento di Fisica e Astronomia dell'Universita and Sezione INFN, Catania, Italy

28 Dipartimento di Fisica e Astronomia dell'Universita and Sezione INFN, Padova, Italy

29 Dipartimento di Fisica e Nucleare e Teorica, Universita di Pavia, Pavia, Italy

30 Dipartimento di Fisica ‘E.R. Caianiello’ dell’'Universita and Gruppo Collegato INFN, Salerno, Italy

31 Dipartimento DISAT del Politecnico and Sezione INFN, Turin, Italy

32 pipartimento di Scienze e Innovazione Tecnologica dell’Universita del Piemonte Orientale and INFN Sezione di Torino, Alessandria, Italy
33 Dipartimento di Scienze MIFT, Universita di Messina, Messina, Italy

34 Dipartimento Interateneo di Fisica ‘M. Merlin’ and Sezione INFN, Bari, Italy

35 European Organization for Nuclear Research (CERN), Geneva, Switzerland

36 Faculty of Electrical Engineering, Mechanical Engineering and Naval Architecture, University of Split, Split, Croatia

13



ALICE Collaboration Physics Letters B 829 (2022) 137060

37 Faculty of Engineering and Science, Western Norway University of Applied Sciences, Bergen, Norway

38 Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Prague, Czech Republic
39 Faculty of Science, PJ. Safdrik University, Koice, Slovakia

40 Frankfurt Institute for Advanced Studies, Johann Wolfgang Goethe-Universitit Frankfurt, Frankfurt, Germany
41 Fudan University, Shanghai, China

42 Gangneung-Wonju National University, Gangneung, Republic of Korea

43 Gauhati University, Department of Physics, Guwahati, India

44 Helmholtz-Institut fiir Strahlen- und Kernphysik, Rheinische Friedrich-Wilhelms-Universitdt Bonn, Bonn, Germany
45 Helsinki Institute of Physics (HIP), Helsinki, Finland

46 High Energy Physics Group, Universidad Auténoma de Puebla, Puebla, Mexico

47 Hiroshima University, Hiroshima, Japan

48 Hochschule Worms, Zentrum fiir Technologietransfer und Telekommunikation (ZTT), Worms, Germany
49 Horia Hulubei National Institute of Physics and Nuclear Engineering, Bucharest, Romania

50 Indian Institute of Technology Bombay (IIT), Mumbai, India

51 Indian Institute of Technology Indore, Indore, India

52 Indonesian Institute of Sciences, Jakarta, Indonesia

53 INFN, Laboratori Nazionali di Frascati, Frascati, Italy

54 INEN, Sezione di Bari, Bari, Italy

55 INFN, Sezione di Bologna, Bologna, Italy

56 INFN, Sezione di Cagliari, Cagliari, Italy

57 INFN, Sezione di Catania, Catania, Italy

58 INFN, Sezione di Padova, Padova, Italy

59 INFN, Sezione di Pavia, Pavia, Italy

60 INEN, Sezione di Roma, Rome, Italy

61 INFN, Sezione di Torino, Turin, Italy

62 INFN, Sezione di Trieste, Trieste, Italy

63 Inha University, Incheon, Republic of Korea

64 Institute for Gravitational and Subatomic Physics (GRASP), Utrecht University/Nikhef, Utrecht, Netherlands
65 Institute for Nuclear Research, Academy of Sciences, Moscow, Russia

66 Institute of Experimental Physics, Slovak Academy of Sciences, Kosice, Slovakia

87 Institute of Physics, Homi Bhabha National Institute, Bhubaneswar, India

68 Institute of Physics of the Czech Academy of Sciences, Prague, Czech Republic

69 Institute of Space Science (ISS), Bucharest, Romania

70 Institut fiir Kernphysik, Johann Wolfgang Goethe-Universitit Frankfurt, Frankfurt, Germany

71 Instituto de Ciencias Nucleares, Universidad Nacional Auténoma de México, Mexico City, Mexico

72 Instituto de Fisica, Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, Brazil

73 Instituto de Fisica, Universidad Nacional Auténoma de México, Mexico City, Mexico

74 iThemba LABS, National Research Foundation, Somerset West, South Africa

75 Jeonbuk National University, Jeonju, Republic of Korea

76 Johann-Wolfgang-Goethe Universitit Frankfurt Institut fiir Informatik, Fachbereich Informatik und Mathematik, Frankfurt, Germany
77 Joint Institute for Nuclear Research (JINR), Dubna, Russia

78 Korea Institute of Science and Technology Information, Daejeon, Republic of Korea

79 KTO Karatay University, Konya, Turkey

80 [ aboratoire de Physique des 2 Infinis, Iréne Joliot-Curie, Orsay, France

81 Laboratoire de Physique Subatomique et de Cosmologie, Université Grenoble-Alpes, CNRS-IN2P3, Grenoble, France
82 [ awrence Berkeley National Laboratory, Berkeley, CA, United States

83 Lund University Department of Physics, Division of Particle Physics, Lund, Sweden

84 Moscow Institute for Physics and Technology, Moscow, Russia

85 Nagasaki Institute of Applied Science, Nagasaki, Japan

86 Nara Women'’s University (NWU), Nara, Japan

87 National and Kapodistrian University of Athens, School of Science, Department of Physics, Athens, Greece
88 National Centre for Nuclear Research, Warsaw, Poland

89 National Institute of Science Education and Research, Homi Bhabha National Institute, Jatni, India

90 National Nuclear Research Center, Baku, Azerbaijan

91 National Research Centre Kurchatov Institute, Moscow, Russia

92 Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark

93 Nikhef, National Institute for Subatomic Physics, Amsterdam, Netherlands

94 NRC Kurchatov Institute IHEP, Protvino, Russia

95 NRC «Kurchatov»Institute — ITEP, Moscow, Russia

96 NRNU Moscow Engineering Physics Institute, Moscow, Russia

97 Nuclear Physics Group, STFC Daresbury Laboratory, Daresbury, United Kingdom

98 Nuclear Physics Institute of the Czech Academy of Sciences, ReZ u Prahy, Czech Republic

99 Oak Ridge National Laboratory, Oak Ridge, TN, United States

100 Ohip State University, Columbus, OH, United States

101 petersburg Nuclear Physics Institute, Gatchina, Russia

102 physics Department, Faculty of Science, University of Zagreb, Zagreb, Croatia

103 ppysics Department, Panjab University, Chandigarh, India

104 physics Department, University of Jammu, Jammu, India

105 physics Department, University of Rajasthan, Jaipur, India

106 physikalisches Institut, Eberhard-Karls-Universitit Tiibingen, Tiibingen, Germany

107 physikalisches Institut, Ruprecht-Karls-Universitdt Heidelberg, Heidelberg, Germany

108 physik Department, Technische Universitdt Miinchen, Munich, Germany

109 politecnico di Bari and Sezione INFN, Bari, Italy

110 Research Division and ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, Darmstadt, Germany
111 Russian Federal Nuclear Center (VNIIEF), Sarov, Russia

12 ggha Institute of Nuclear Physics, Homi Bhabha National Institute, Kolkata, India

113 School of Physics and Astronomy, University of Birmingham, Birmingham, United Kingdom

114 Seccién Fisica, Departamento de Ciencias, Pontificia Universidad Catélica del Peri, Lima, Peru

115 gt petersburg State University, St. Petersburg, Russia

116 Stefan Meyer Institut fiir Subatomare Physik (SMI), Vienna, Austria

14



ALICE Collaboration Physics Letters B 829 (2022) 137060

117 SUBATECH, IMT Atlantique, Université de Nantes, CNRS-IN2P3, Nantes, France

118 Suranaree University of Technology, Nakhon Ratchasima, Thailand

119 Technical University of Kosice, Kosice, Slovakia

120 The Henryk Niewodniczanski Institute of Nuclear Physics, Polish Academy of Sciences, Cracow, Poland
121 The University of Texas at Austin, Austin, TX, United States

122 yniversidad Auténoma de Sinaloa, Culiacdn, Mexico

123 Universidade de Séo Paulo (USP), Sdo Paulo, Brazil

124 Universidade Estadual de Campinas (UNICAMP), Campinas, Brazil

125 Universidade Federal do ABC, Santo Andre, Brazil

126 University of Cape Town, Cape Town, South Africa

127 University of Houston, Houston, TX, United States

128 University of Jyvdskyld, Jyviskyld, Finland

129 University of Kansas, Lawrence, KS, United States

130 University of Liverpool, Liverpool, United Kingdom

131 University of Science and Technology of China, Hefei, China

132 University of South-Eastern Norway, Tonsberg, Norway

133 University of Tennessee, Knoxville, TN, United States

134 University of the Witwatersrand, Johannesburg, South Africa

135 University of Tokyo, Tokyo, Japan

136 University of Tsukuba, Tsukuba, Japan

137 Université Clermont Auvergne, CNRS/IN2P3, LPC, Clermont-Ferrand, France

138 Université de Lyon, CNRS/IN2P3, Institut de Physique des 2 Infinis de Lyon, Lyon, France
139 Université de Strashourg, CNRS, IPHC UMR 7178, F-67000 Strasbourg, France

140 Université Paris-Saclay Centre d’Etudes de Saclay (CEA), IRFU, Départment de Physique Nucléaire (DPhN), Saclay, France
141 Universita degli Studi di Foggia, Foggia, Italy

142 Universita di Brescia, Brescia, Italy

143 variable Energy Cyclotron Centre, Homi Bhabha National Institute, Kolkata, India

144 Warsaw University of Technology, Warsaw, Poland

145 Wayne State University, Detroit, MI, United States

146 Westfilische Wilhelms-Universitit Miinster, Institut fiir Kernphysik, Miinster, Germany
147 Wigner Research Centre for Physics, Budapest, Hungary

148 yale University, New Haven, CT, United States

149 Yonsei University, Seoul, Republic of Korea

! Deceased.

" Also at: Italian National Agency for New Technologies, Energy and Sustainable Economic Development (ENEA), Bologna, Italy.
Il Also at: Dipartimento DET del Politecnico di Torino, Turin, Italy.

V' Also at: M.V. Lomonosov Moscow State University, D.V. Skobeltsyn Institute of Nuclear, Physics, Moscow, Russia.

V' Also at: Institute of Theoretical Physics, University of Wroclaw, Poland.

15



	Investigating the role of strangeness in baryon--antibaryon annihilation at the LHC
	1 Introduction and physics motivation
	2 Data analysis
	3 Analysis of the correlation function
	4 Results
	Declaration of competing interest
	Acknowledgements
	Appendix A Additional material
	A.1 p–Λ and Λ–Λ results in mT intervals
	A.2 Results on p–p pairs with the Lednický--Lyuboshits model

	References
	ALICE Collaboration


