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Abstract

Femtoscopy studies make use of momentum correlations between pairs of particles to access the
properties of particle emission (source function) and interaction (wave function). Small collision
systems, such as pp, result in very small (∼ 1 fm) source sizes, leading to a strong correlation signal
due to the interaction. To study the latter, the emission source has been extensively investigated
by ALICE, concluding that a common baryon emission source is present in high-multiplicity pp
collisions at

√
s = 13 TeV. This observation is based on measurement of p–p and p–Λ correlations.

Further, a strong dependence of the source size on the transverse mass (mT) of the particles has been
observed. The current work shows the measured p–p (p–Λ) correlation functions in all 7 (6) mT bins,
as well as the corresponding mixed-event (phase space) distributions of the measured pairs. Further,
the experimental momentum resolution matrices are provided for both systems.

*See Appendix 4 for the list of collaboration members
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1 Introduction

Femtoscopy is a method to use two-particle momentum correlations to access the properties of the strong
interaction. The relevant observable is the single particle momentum evaluated in the pair rest frame
(k∗). In small collision systems the correlation functions exhibit a strong femtoscopic signal in the range
k∗ < 200 MeV/c. Experimentally, the correlation function is measured by pairing particles from same-
events and building their corresponding relative momentum (k∗) distribution N(k∗), and dividing it by
a correlation free reference sample, constructed from pairing particles stemming from different (mixed)
events. The distribution of the latter is denoted as M(k∗). The asterisk denotes the rest momentum frame
of the pair. The Koonin-Pratt relation

C(k∗) =
N(k∗)
M(k∗)

= 1+
∫

S(r∗)
[∣∣∣Ψ(~k∗,~r∗)

∣∣∣2−1
]

d3r∗ (1)

connects the measured distributions to the effective two-particle emission source function S(r∗) and the
two-particle wave function Ψ(~k∗,~r∗), where r∗ denotes the relative distance between the particles [1].

The ALICE collaboration measured p–p and p–Λ correlations in high-multiplicity (HM) pp collisions at√
s = 13 TeV as a benchmark to study the baryon–baryon emission source function [2]. This is possible

as the pp interaction is modeled with high precision using the Argonne V18 potential [3], while the
existing pΛ scattering data can be successfully described using chiral effective field theory (χEFT) [4, 5].
The published ALICE results on p–p and p–Λ correlations demonstrate that the emission sources in both
systems are similar and show a scaling as a function of the transverse mass mT [2]. The proper treatment
of particle production through short lived (strongly decaying) resonances leads to a direct access of the
primordial (core) source, which is identical for both p–p and p–Λ.

The momentum resolution effects are required to transform the “true” correlation function Ctrue(k∗true)
into the measured C(k∗) using the relation

C(k∗) =
∫

∞

0
P(k∗,k∗true) ·Ctrue(k∗true)dk∗true, (2)

where P(k∗,k∗true) is the probability that a pair of measured relative momentum k∗ had a true value of
k∗true [6]. This relation is only approximate, as the resolution matrix has to be applied to the same- and
mixed-event samples separately, using

C(k∗) =
∫

∞

0 P(k∗,k∗true) ·Ntrue(k∗true)dk∗true∫
∞

0 P(k∗,k∗true) ·Mtrue(k∗true)dk∗true
. (3)

Substituting Ctrue(k∗true) = Ntrue(k∗true)/Mtrue(k∗true) and assuming Mtrue(k∗true)≈M(k∗true), Eq. 3 transforms
to

C(k∗) =
∫

∞

0
P(k∗,k∗true) ·

M(k∗true)

M(k∗)
·Ctrue(k∗true)dk∗true. (4)

The ALICE collaboration recommends using Eq. 4 to include momentum resolution effects in order to
make comparissons to models with predicted correlation Ctrue(k∗true).

2 Results

In this section the ALICE measurements of the correlation functions used in the aforementioned mT
differential analysis [2] are presented (Figs. 1, 4). These are uncorrected correlations, implying that
they contain momentum resolution effects, feed-down contributions from weakly decaying particles and
impurities. The details on accounting for these effects, as well as other relevant information on the
methodology of modelling the data, are described in [2, 7]. The correlation functions have been normal-
ized by rescaling the mixed event distribution to match the integrated value of the same-events within
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the region k∗ ∈ [240,340] MeV/c. For an accurate comparison to models, both the momentum smear-
ing functions (Figs. 3, 6) and mixed event distributions (Figs. 2, 5) are required. The former have been
obtained from a full scale Monte-Carlo simulation of ALICE, using Pythia 8.2 [8] as an event generator
and GEANT3 [9] to simulate the detector response. Figures 3 and 6 show several projections of the p–p
and p–Λ momentum smearing matrices, evaluated at k∗ =10, 20, 50, 100, 200, 400 MeV/c. The shapes
at intermediate values can be obtained through interpolation.
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Figure 1: The p–p correlation functions measured by ALICE in pp collisions at
√

s = 13 TeV in seven mT

differential bins. The vertical lines (grey boxes) correspond to the statistical (systematic) uncertainty.5
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Figure 2: The p–p mixed event distributions measured by ALICE in pp collisions at
√

s = 13 TeV in seven mT

differential bins. Both the statistical and systematic uncertainties are negligible.6
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Figure 3: The p–p momentum smearing matrix P(k∗true) evaluated at several fixed values of k∗. The distributions
are trimmed by removing bins containing less than 10 entries.
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Figure 4: The p–Λ correlation functions measured by ALICE in pp collisions at
√

s = 13 TeV in six mT

differential bins.
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Figure 5: The p–Λ mixed event distributions measured by ALICE in pp collisions at
√

s = 13 TeV in six mT

differential bins. Both the statistical and systematic uncertainties are negligible.
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Figure 6: The p–Λ momentum smearing matrix P(k∗true) evaluated at several fixed values of k∗. The distributions
are trimmed by removing bins containing less than 10 entries.
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N. Apadula80 , L. Aphecetche115 , H. Appelshäuser68 , S. Arcelli26 , R. Arnaldi59 , M. Arratia80 , I.C. Arsene20 ,
M. Arslandok104 , A. Augustinus34 , R. Averbeck107 , S. Aziz78 , M.D. Azmi16 , A. Badalà56 , Y.W. Baek41 ,
S. Bagnasco59 , X. Bai107 , R. Bailhache68 , R. Bala101 , A. Balbino30 , A. Baldisseri137 , M. Ball43 , S. Balouza105 ,
D. Banerjee3 , R. Barbera27 , L. Barioglio25 , G.G. Barnaföldi145 , L.S. Barnby94 , V. Barret134 , P. Bartalini6 ,
K. Barth34 , E. Bartsch68 , F. Baruffaldi28 , N. Bastid134 , S. Basu143 , G. Batigne115 , B. Batyunya75 , D. Bauri49 ,
J.L. Bazo Alba112 , I.G. Bearden89 , C. Beattie146 , C. Bedda63 , N.K. Behera61 , I. Belikov136 , A.D.C. Bell
Hechavarria144 , F. Bellini34 , R. Bellwied125 , V. Belyaev93 , G. Bencedi145 , S. Beole25 , A. Bercuci48 ,
Y. Berdnikov98 , D. Berenyi145 , R.A. Bertens130 , D. Berzano59 , M.G. Besoiu67 , L. Betev34 , A. Bhasin101 ,
I.R. Bhat101 , M.A. Bhat3 , H. Bhatt49 , B. Bhattacharjee42 , A. Bianchi25 , L. Bianchi25 , N. Bianchi52 ,
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M. Planinic99 , F. Pliquett68 , M.G. Poghosyan96 , B. Polichtchouk91 , N. Poljak99 , A. Pop48 ,
S. Porteboeuf-Houssais134 , V. Pozdniakov75 , S.K. Prasad3 , R. Preghenella54 , F. Prino59 , C.A. Pruneau143 ,
I. Pshenichnov62 , M. Puccio34 , J. Putschke143 , S. Qiu90 , L. Quaglia25 , R.E. Quishpe125 , S. Ragoni111 ,
S. Raha3 , S. Rajput101 , J. Rak126 , A. Rakotozafindrabe137 , L. Ramello31 , F. Rami136 , S.A.R. Ramirez45 ,
R. Raniwala102 , S. Raniwala102 , S.S. Räsänen44 , R. Rath50 , V. Ratza43 , I. Ravasenga90 , K.F. Read96 ,130 ,
A.R. Redelbach39 , K. Redlich85 ,vi, A. Rehman21 , P. Reichelt68 , F. Reidt34 , X. Ren6 , R. Renfordt68 ,
Z. Rescakova38 , K. Reygers104 , V. Riabov98 , T. Richert81 ,89 , M. Richter20 , P. Riedler34 , W. Riegler34 ,
F. Riggi27 , C. Ristea67 , S.P. Rode50 , M. Rodríguez Cahuantzi45 , K. Røed20 , R. Rogalev91 , E. Rogochaya75 ,
D. Rohr34 , D. Röhrich21 , P.S. Rokita142 , F. Ronchetti52 , A. Rosano56 , E.D. Rosas69 , K. Roslon142 ,

14



The ALICE Collaboration

A. Rossi28 ,57 , A. Rotondi139 , A. Roy50 , P. Roy110 , O.V. Rueda81 , R. Rui24 , B. Rumyantsev75 , A. Rustamov87 ,
E. Ryabinkin88 , Y. Ryabov98 , A. Rybicki118 , H. Rytkonen126 , O.A.M. Saarimaki44 , S. Sadhu141 ,
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