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Two-particle normalized cumulants of particle number correlations (R;) and transverse momen-
tum correlations (P,), measured as a function of relative pseudorapidity and azimuthal angle
difference (An, Ap), provide key information about particle production mechanisms, diffusivity,
and conservation of charge and momentum in high-energy collisions. To complement the re-
cent ALICE measurements in Pb—Pb collisions, as well as for better understanding of the jet
contribution and nature of collectivity in small systems, these observables are measured in pp
collisions at /s = 13 TeV with similar transverse momentum range, 0.2 < pp < 2.0 GeV/c. The
R, and P, results on the near- and away-side are qualitatively similar, but differ quantitatively.
A much narrower near-side peak is observed for P, compared to R, for both charge-independent
and charge-dependent combinations, as in the recently published ALICE results for p—Pb and
Pb-Pb collisions. Since these results are sensitive to the interplay between the underlying event
and mini-jets in pp collisions, they not only establish a baseline for heavy-ion collisions, but also
allow a better understanding of signals that are compatible with the presence of collective effects
in small systems.
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Introduction

The measurements of two- and multi-particle azimuthal correlation functions confirmed the
existence of anisotropic flow (i.e., conversion of spatial anisotropies in initial conditions of the
collision to momentum anisotropies of produced particles via multiple interactions) in A—A colli-
sions at RHIC and LHC and revealed the presence of flow in smaller systems (e.g., p—A and high
multiplicity pp collisions). Measurements of two-particle number correlations, R;, and transverse
momentum correlations, P», indicated the collective nature of the azimuthal correlations measured
in Pb—Pb collisions [1]. Centrality studies in A—A collisions show that near-side peak of both
charge-independent (CI) and charge-dependent (CD) correlations is narrower for P, than in R, [2].
The correlator P, provides a more discriminating probe of the correlation structure of jets and
their underlying events than the R,. This is further tested by measuring the R, and P, correlation
functions for unidentified charged hadrons in the transverse momentum range 0.2 < pr < 2.0 GeV/c
in pp collisions at /s = 13 TeV recorded by ALICE.

Correlation functions

The R, and P; correlation functions are constructed using single- and two-particle densities
(p1(n, ) and po (71, ©1, 72, ¢2), respectively) as a function of the particle pseudorapidity (r7) and
the azimuthal angle ().

The R, is defined as a two-particle cumulant normalized by the product of single-particle
densities as follows

p2(m,1m,02)
p1(n1, ¢1) X p1(n2, ¢2)

Ry(n1, ¢1.12, ¢2) = (D

The P; is defined as the ratio of differential correlator (AprApy) to the square of the average
transverse momentum, {pr), to make it dimensionless like R», as follows

(AptApt) (M1, 1,12, ¢2)

Py(n1, ¢1,1m2, 92) =

(p1)?
1 pT[;ZaX dpr,1dpr,202(P1, P2)APT,1APT,2 )
(pr)? [T dpr,1dpr,202(p1s p2) ,

where Apt; = pr; — (p) [3]. The (AprApr) correlator is positive, leading to positive value of P,
if both particles have a larger or smaller py than the (pr), but it is negative if one particle has a
lower and the other a larger py than the (pr).

For better visualization of the figures, the correlators R, and P, are convoluted from (11, 7)
and (@1, ¢2) into An and A, respectively and then shifted by —/2 along Ag as follows

1

O(An, Ap) = m

/ O(m1,1,m2, 92)0(Ap — @1 + ¢2) 3)

xde1de26(An — 1 +n2)dmidng,

where Q(An) represents the width of the acceptance in 77 = (171 +172) /2 at a given value of Az [4].
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The analysis of the R, and P, correlation functions are carried out for charge combination
pairs (+=), (=+), (++), and (——) to yield charge-independent, O°! = %[0*‘ +0™+0"+07 7],
and charge-dependent, OP = %[O*‘ — O*" + 0™ — 077], correlation functions [5].

Results
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Figure 1: Correlation functions RS (left panel) and PSP (right panel) of charged hadrons obtained in the
selected py range in pp collisions at v/s = 13 TeV.

The R, and P; correlation functions for CD charge combinations are shown in the left and right
panels of Fig. 1, respectively. Due to Hunbary-Brown Twiss (HBT) effect, both RSD and PSD have
a dip around (An, Ag) = (0,0). The away-side of RgD features a saddle-shape structure, whereas
PSP has a flat away-side.

Note that the RSD correlation function is related to the charge balance function, so the width
of the near-side peak provides information about the balance function. Figure 2 shows the width
of CD pairs of R, and P, correlation functions along A¢ measured within |An| < 1.6 in pp, p—Pb,
and Pb—Pb collisions as a function of average charged-particle multiplicity density. The widths
of R2CD and PgD vary with centrality due to radial flow and diffusivity in Pb—Pb collisions. The
widths of RSD decrease in p—Pb collisions, while the widths of PgD show the opposite trend. The
PgD has a smaller width than the RgD, which is due to the angular ordering [6] of the py of the jet
constituents. The widths of RSD (Ap) and PSD (Ag) in pp collisions show good agreement with the
peripheral p—Pb collisions.

In Fig. 3, the widths along Az increase monotonically from peripheral to central collisions for
both RgI(An) and PSI(AU). There is an exception for PgI(An) for the peripheral collisions. This
trend in RgI(An) and PgI(An) is due to anisotropic flow in Pb—Pb collisions. The widths exhibit
a weak dependence in the p—Pb case. The widths of pp collisions have similar magnitude to those
measured in p—Pb collisions.
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Figure 2: The widths of RSP (Ag) (blue markers) and PSP (Ag) (red markers) correlation functions along
A¢ measured within [An| < 1.6 in pp, p-Pb, and Pb—Pb collisions as a function of (dNen/d1) ,)|<o.5- Vertical
bars and lines represent statistical and systematic uncertainties, respectively.

Summary

The two-particle correlation functions R, (An, Ag) and P> (An, Ag) have been measured in pp
collisions at y/s = 13 TeV recorded by ALICE. The measurements were carried out using unidentified
charged hadrons in the p range of 0.2-2.0 GeV/c. The R, and P, correlation functions for the
charge-dependent combination exhibit a dip around (An, Ag) = (0, 0), which is largely due to HBT
correlations. It is observed that the width of the near-side peak of the P is significantly narrower
than the near-side peak of the R, which is due to the angular and transverse momentum ordering.
The widths of the charge-independent and charge-dependent of R, and P; correlation functions are
compared with previously published results in p—Pb and Pb—Pb collisions [2]. The widths show a
consistent trend among the three collision systems.
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Figure 3: The widths of RgI(An) (blue markers) and Pgl(An) (red markers) correlation functions along An
measured within |[Ag| < 7 in pp, p-Pb, and Pb-Pb collisions as a function of (dNch/dn) |, |<o.5- Vertical bars
and lines represent statistical and systematic uncertainties, respectively.



