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A key open question in the study of multi-particle production in high-energy pp collisions is
the relationship between the “ridge” — observed azimuthal correlations between particles in the
underlying event that extend over all rapidities — and hard or semi-hard scattering processes. In
particular, it is not known whether jets or their soft fragments are correlated with particles in the
underlying event. These proceedings present ATLAS measurements of two-particle correlations
in collisions at v/s = 13 TeV with two different particle—pair selections. In the first selection,
charged particles associated with jets are excluded from the correlation analysis. The result
of this measurement shows that excluding charged particles associated with jets does not affect
the measured correlations. In the second selection, correlations are measured between particles
within jets and charged particles from the underlying event. Particles associated with jets do not
exhibit any significant azimuthal correlations with the underlying event, ruling out hard processes
contributing to the ridge.
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1. Introduction

In heavy-ion collisions, two-particle correlations (2PC) in relative azimuthal angle show large
angular correlations even for particles separated by a large distance in n [1, 2]. The origin of
the correlations, the so-called “ridge”, is attributed to the hydrodynamic expansion of the quark-
gluon plasma produced in nucleus—nucleus collisions. The correlations are described by azimuthal
anisotropies, vy:

d¢

where ¢ is the azimuthal angle of particles, v, and ¥,, are magnitude and phase of the n-th order

aN ~(1+ZZ:vncos(n(¢5—‘I’n))), (1
n=1

anisotropy.

Due to the hydrodynamic origin of the anisotropies, such correlations were not expected
in smaller collision systems, such as proton—proton (pp) or proton—lead. Nevertheless, these
correlations were found even in small systems; see e.g. [3, 4]. The correlations have been interpreted
as a consequence of collective effects, similar to those in heavy-ion collisions. However, some
authors proposed that the ridge emerges from correlated production of partons in the presence of
dense gluonic initial states, i.e. the GLASMA [5]. That would imply the ridge is associated with
hard- or semi-hard scattering processes. While previous studies found that the ridge persists in
events with electroweak boson production [6], no direct measurement had isolated whether jets
themselves contribute to or are correlated with the ridge in pp collisions. The ATLAS study
published in Ref. [7] and presented here directly addresses this gap.

2. Experimental Setup and Analysis

The analysis uses 15.8 pb~! of low-u pp collisions recorded in 2015-2018 by the ATLAS
detector [8] at the LHC. The centre-of-mass energy was /s = 13TeV. The data were recorded
using minimum-bias, high-multiplicity, or jet triggers. The events were further required to have
a reconstructed vertex within |z| < 100mm. To suppress the effects of pile-up, events with more
than one reconstructed vertex were discarded. Apart from the standard track selection [7], the
reconstructed tracks were also required to have |zgsin 6| < 0.25 mm, where zg is the distance of
the closest approach to the vertex in the longitudinal direction; this requirement suppresses the
contribution of pile-up events with the overlapping vertices.

Jets used in this analysis were reconstructed with the anti-k, algorithm with a distance parameter
R = 0.4 and “particle flow objects” as the inputs [9]. Jets were calibrated to the hadronic scale
using scale factors derived for low-u pp data. An additional in situ correction was also applied.

To avoid bias of jet pr due to modulation of charged particle production, the jet selection
was based on groomed pr, p%’ , which is a sum over all jet constituents with pt > 4 GeV. This
requirement made the number of underlying-event (UE) particles included in jets negligible [7].

Following the standard 2PC procedure, the distribution of differences in ¢ for pairs of particles,
Ap = ¢¢ — ¢”, were described as:

C(Ap) = F C*"P(Ap) + G (1 +2 Z Vin €Os (1 A¢)), (2)

n=2

“ridge”



Two-particle correlations in pp collisions with presence of hard scatterings with ATLAS Petr Balek

where C is the correlation function; CP'PP js a “peripheral reference” accounting for the di-jet
contribution and is measured here in the events with multiplicity 10-30; F and and v, , are fit
parameters; and G is fixed by requiring the integral of both sides to be equal.

To construct the correlation functions, tracks were weighted by the inverse value of their
reconstruction efficiency, which was evaluated as a function of pt and 5. Further, the pairs had to
have a pseudorapidity separation |An| > 2. For the multiplicity, tracks in jets with pg > 15 GeV
were not counted; otherwise no pr restriction was imposed on such tracks.

The contribution of jet constituents originating in UE was subtracted using the event-mixing
technique [7]. It uses jet positions from the original event and tracks from another event with a
similar vertex position and event multiplicity. This combinatorial 2PC is then subtracted from the
measured distributions.

The value of v, , extracted from Eq. (2) can be factorised [4] as:

Van (P P2) = V() va(ph) 3)

Vi (D% P2) [V (DS, P2) 4)

Three categories of tracks were defined in the analysis: (1) “h” —all tracks, no selection applied;
(2) “hYE” _ tracks with 0.5 < pt < 4 GeV and at least 1 unit of 7 from any jet with p%’ > 15GeV;
and (3) “h’” — tracks included in constituents of jets with pg’ > 40 GeV.

Moreover, three categories of events were examined: (A) “AllEvents” —all events, no rejection
applied; (B) “NoJets” — events with no jets with pg’ > 15GeV; and (C) “WithJets” — events with
at least one jet with pg’ > 15 GeV.

Systematic uncertainties were carefully evaluated, including tracking efficiency variations,

v (P2)

template-fit choices, pile-up rejection, and acceptance corrections.

3. Results

Figure 1 shows the multiplicity (left) and pr (right) dependence of the elliptic flow, v,. Re-
gardless of whether measured in events with jets or without, the v, values when correlating two
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Figure 1: The multiplicity (left) and pr (right) dependence of v, [7]. Data-points except for h—h case are
shifted horizontally for clarity. The error bars and bands represent the statistical and systematic uncertainties,
respectively.
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tracks from the UE are consistent. They are also consistent with values when correlating all tracks
in all events, showing that removing tracks associated with jets does not impact the long-range UE
correlations, nor does the presence of jets in an event.

On the other hand, correlations between tracks from UE and from jets are consistent with
zero, within the uncertainties. This indicates that in pp collisions, the particles produced in hard-
scattering processes do not contribute significantly to the long-range correlations.

Both multiplicity and pt dependence are consistent with previous measurements [3, 4].

4. Conclusion

The study in Ref. [7] showed that the magnitude of v, is not affected by the presence of jets
in the events. There is no correlation between tracks from UE and from jets. However, tracks
from UE are correlated with each other. This suggests a complete “factorisation” of hard-scattering
processes and the physics responsible for the ridge.
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