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Charged hadron elliptic anisotropies (v,) are presented over a wide transverse momentum (pr) range for
proton-lead (pPb) and lead-lead (PbPb) collisions at nucleon-nucleon center-of-mass energies of 8.16 and
5.02 TeV, respectively. The data were recorded by the CMS experiment and correspond to integrated
luminosities of 186 and 0.607 nb~! for the pPb and PbPb systems, respectively. A four-particle cumulant
analysis is performed using subevents separated in pseudorapidity to effectively suppress noncollective
effects. At high py (pr > 8 GeV), significant positive v, values that are similar between pPb and PbPb
collisions at comparable charged particle multiplicities are observed. This observation suggests a common

origin for the multiparticle collectivity for high-py particles in the two systems.
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Strong azimuthal correlations among particles emitted
over a wide range of polar angles in relativistic nucleus-
nucleus (AA) collisions at the BNL RHIC [1-3] and CERN
LHC [4-10] colliders indicate the formation of a quark-
gluon plasma (QGP) that exhibits nearly ideal hydrody-
namic behavior [11-13]. The second and third Fourier
components of the particle azimuthal distribution, known
as elliptic (v,) and triangular (v3) flows, respectively,
reflect the response of the medium to the initial collision
geometry, including its fluctuations, providing insights into
the fundamental transport properties of the QGP medium
[14,15]. Similar correlations have been observed in high-
multiplicity proton-proton (pp) [16-19] and proton-lead
(pPb) [20-25] collisions at the LHC, as well as in deuteron-
gold [26,27] and helium-3-gold [28] collisions at RHIC.
The properties of the observed long-range correlations in
these systems have been found to be consistent with
hydrodynamic descriptions of a QGP droplet [29,30].

For a transverse momentum (pr) greater than ~3 GeV,
partons are not expected to be thermalized in the hot and
dense medium created in heavy ion collisions, and a
hydrodynamic picture is not applicable [13]. The observed
azimuthal anisotropy of such particles in noncentral AA
collisions is primarily attributed to the energy loss of high-
pt partons as they traverse the QGP medium, whose
geometry reflects the lenticular shape of the collision
overlap region [31,32]. The extent of this energy loss
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depends on the path length, which, in turn, depends on the
direction of the parton relative to the orientation of the
medium [33-36]. Therefore, the study of azimuthal
anisotropy in small systems, where the overlap geometry
is not expected to have a dominant role, is of considerable
interest [22,37].

One of the challenges in analyzing azimuthal correla-
tions, particularly in small colliding systems, is separating
genuine collective effects from those arising from particles
that are correlated as a result of other unrelated processes
(such as jets and resonance decays). These so-called
“nonflow” correlations can be difficult to separate from
the global flow anisotropies. The azimuthal correlations of
high-pt particles in small systems have been previously
studied using two-particle correlations [38,39]. In those
analyses, corrections for nonflow correlations are made
using the relative multiplicity dependence of flow and
nonflow correlations. The nonflow correction is then based
on assumptions about the evolution of nonflow from low to
high-multiplicity collisions and about the dominance of
nonflow in low multiplicity collisions.

This Letter presents a measurement of elliptic anisotro-
pies for high-pt particles in pPb collisions at a center-of-
mass energy per nucleon pair /sy = 8.16 TeV compared
to those in lead-lead (PbPb) collisions at \ /syy = 5.02 TeV.
The pPb and PbPb data were obtained using the CMS
detector at the LHC in 2016 and 2018, corresponding to
integrated luminosities of 186 and 0.607 nb~!, respectively
[40,41]. The Q-cumulant multiparticle correlation technique
is used based on “subevents” dividing particles into multiple
pseudorapidity regions [42—44]. By increasing the number
of subevents beyond two, this approach helps in suppressing
nonflow effects in a data-driven way. The results are
presented as a function of py based on two-, three-, and
four-subevent analyses. Tabulated results for this analysis
can be accessed in the HEPdata record [45].
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The central feature of the CMS apparatus [46,47] is a
superconducting solenoid with an internal diameter of 6 m,
providing a magnetic field of 3.8 T. Within the solenoid
volume are a silicon pixel and strip tracker [48,49], a lead
tungstate crystal electromagnetic calorimeter [50], and a
brass and scintillator hadron calorimeter, each composed of
a barrel and two end cap sections. For the run period
relevant to this analysis, the silicon pixel and strip tracker
provided coverage for |5| < 2.4. The hadron forward (HF)
calorimeter [51] extends the pseudorapidity coverage
provided by the barrel and end cap detectors, with the
two halves, one on each end, providing coverage in the
range 2.9 < || < 5.2. The HF calorimeters are azimuthally
subdivided into 20° modular wedges, which are further
segmented to form 0.175 x 0.175 (An x A¢) towers. The
CMS apparatus can be used to detect and identify electrons,
muons, photons, and hadrons [48,52,53]. A more detailed
description of the CMS detector can be found in Ref. [46].

For pPb collisions, the beam energies for the proton and
lead nuclei were 6.5 and 2.56 TeV per nucleon, respectively,
resulting in a center-of-mass energy of /sy = 8.16 TeV.
Because of the asymmetric beam energies, the nucleon-
nucleon center-of-mass in the pPb collisions was not at rest
with respect to the laboratory frame but was moving in the
direction of the proton beam with a rapidity shift of 0.465.
Data were taken with the directions of the beams reversed for
assessing possible systematic effects. The results in each
direction were consistent with each other and were merged;
results are reported using the convention that the positive
pseudorapidity is defined by the proton-going direction.

To select high-multiplicity pPb collisions, a dedicated
high-multiplicity trigger was implemented using the CMS
level-1 (L1) [54] and high-level trigger (HLT) systems [55].
The HLT uses fast versions of the offline software. To
trigger minimum bias (MB) pPb events, at least one of the
two HF calorimeters was required to register an energy
deposit above a threshold of 1 GeV. Additionally, at least
one track with pr > 0.4 GeV in the pixel tracker at HLT
level was required.

In this analysis, pPb events were required to have a
primary vertex within 15 cm of the nominal interaction point
along the beam axis and 0.2 cm in the transverse direction.
Atleast two reconstructed tracks must be associated with the
primary vertex. Results are reported in ranges of NCifline,
corresponding to the measured track multiplicity with pt >
0.4 GeV and || < 2.4, before correcting for the tracking
efficiency. Table I of End Matter Appendix A reports the
mean multiplicity (N2ii"¢) and multiplicity after correcting
for tracking inefficiencies (N¢g™ed) for various Nifline
ranges. A trigger efficiency plateau above 95% is observed
in the 185 < NYifline < 250 range.

The PbPb MB events are selected based on signals
surpassing a readout threshold of 3 GeV on both sides of the
HF calorimeters. The PbPb events are also required to have
a primary vertex within 15 cm of the nominal interaction

point along the beam axis and 0.2 cm in the transverse
direction. Additionally, each HF detector must have at least
two towers with an energy deposit of 4 GeV or more. The
trigger, event reconstruction, and track selections consid-
ered in this analysis are the same as in previous CMS
correlation analyses [19,20,22]. To perform correlation
measurements, only tracks that originate from the primary
vertex and meet the high-purity criteria discussed in
Ref. [48] are used. The trigger and event selection effi-
ciencies are found to be about 98% and above 95% for pPb
and PbPb, respectively. Furthermore, for both cases, the
impact parameter significance, i.e., the parameter value
divided by its uncertainty, of the tracks with respect to the
primary vertex in the longitudinal and transverse directions
must be less than 3, and the relative pt uncertainty must be
less than 10% for the pr range used.

To ensure high tracking efficiency and minimal back-
ground contamination, only tracks with || < 2.4 and with
pr > 0.3 GeV for pPb collisions and pt > 0.5 GeV for
PbPb collisions are used. The selected tracks are corrected
for tracking efficiency and detector acceptance effects using
simulated Monte Carlo samples generated by HIJINGv1.35
[56] and HYDJET1.9 [57] for pPb and PbPb collisions,
respectively. The response of the CMS detector to these
simulated events is based on GEANT4 [58]. In the measure-
ment of correlations in pPb collisions, multiple interactions
(pileup) in the recorded event are a source of background.
The average number of collisions per bunch crossing in the
pPb data varied between 0.1 and 0.25. The procedure used
for identifying and rejecting pileup is similar to that
described in Ref. [20]. The pileup is negligible in PbPb
collisions.

The Q-cumulant method, as encoded in the
MCORRELATIONS package [59], is used to determine the
v, value. This method has been used to measure four-, six-,
and eight-particle correlations in previous CMS publications
[60,61], with the multiparticle correlations being inherently
less sensitive to few-particle correlations, such as those
arising from jet fragmentation and back-to-back dijet
correlations. In this method, the two- and four-particle
correlators, ((2) and ((4)), are defined as

(2) = (")) and
(4) = (e, (1)

Here, (,l)j G=1,...,4) represents the azimuthal angles of
four distinct particles in an event, and the notation (- - - )
signifies that the average is calculated first over all particles
in an event and then across all events. The integer n denotes
the order of Fourier harmonic, with n = 2 corresponding to
elliptic flow [14]. The four-particle cumulant c¢,{4} is
given as

{4} = (4) — 2¢2)% (2)
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FIG. 1. Different subevents in the CMS tracker acceptance used
to correlate four particles. The denoted pseudorapidity ranges are
used for the analysis. The letters denote the particles used in the
four-particle correlator. The asterisk (*) indicates particles with a
negative azimuthal angle, and the prime symbol denotes the POL.

The multiparticle cumulant method correlates each
particle of interest (POI) with reference flow particles
(RFPs). In this analysis, the RFPs for the cumulant method
are charged hadrons within || < 2.4 and with 0.3(0.5) <
pr < 3.0 GeV for pPb (PbPb) collisions. In order to
reduce the contribution of minijets, an upper limit of pr <
3.0 GeV is used for the RFPs [62]. The pt ranges used for
the POlIs are given in Table II of End Matter Appendix B.

In the standard Q-cumulant analysis, the POI and RFP
ranges overlap in #, potentially introducing nonflow con-
tributions from short-range correlations. To suppress these
effects, a subevent method [43] is used; particles are selected
from different 5 ranges, ensuring a pseudorapidity gap
(difference in pseudorapidity values, Azn) between correlated
particles. Statistical uncertainties are estimated using a
bootstrap method [63]. Figure 1 illustrates how particle
tracks are selected to construct four-particle cuamulants. The
upper left panel shows the case where all four particles are
chosen from the same 7 range, leading to significant nonflow
contributions from single jets. The upper right panel depicts
the two-subevent method (-2.4 <y <0and 0 < 5 < 2.4),
which reduces nonflow effects by separating particles a and
b into distinct 5 ranges. The three-subevent method (lower
left) further suppresses dijet contributions by dividing into
three n ranges (—2.4 <n < -0.8, —0.8 <5 < 0.8, and
0.8 <5 <2.4), while the four-subevent method (lower
right) minimizes nonflow effects by assigning each particle
to a distinct n range (—24 <np<-1.2, =12 <y <0,
O<np<l2,and 1.2 <y <24).

The pr dependence of the flow coefficients can be
studied using pr-differential cumulants, d,{4}, given by

dy{4} = (4) = 202N (2). (3)

where ((4')) is a four-particle correlator with three RFPs and
one POI and {(2')) is a two-particle correlator with one RFP

and one POI In the following, we provide the specific
d,{4} formulas for the two-, three-, and four-subevent
analyses. We use a notation where a, b, c, or d refers to the
particle chosen in a specific subevent and the symbol “|”
indicates a separation between subevents. In Eq. (4), e.g.,
the notation a’a|b*b* in the four-particle correlator means
that the first two particles are required to be in the first
subevent (a’a) while the last two are required to be in the
second subevent (b*b*), where ¢’ is the POL Similarly, for
the two-particle correlator, one particle in each subevent is
required (d'|b).

The two-subevent differential cumulant can be expressed
in terms of the correlators, with

dy {4} = ()7 = 2(@) N2y (4)

For the three-subevent case, the correlator expansion
depends on the POI pseudorapidity range, with

d {4} s = (A1) —2(2)P)((2)1). (5)

when the POI is in the range 0.8 < || < 2.4 and

d {4} s = (A7) = ((2)7P7)((2)"1)
= (@) ((2)""1), (6)

when || < 0.8. In the latter case, we have two choices for
the POI and, accordingly, two combinations for the
product of two-particle correlators (((2)4"")((2)?") and
((2)alP™y((2)P"l¢)). Similarly, in the case of four sub-
events, instead of taking twice the product of two-
particle correlators, we incorporate two different choices
((2)71°){(2)4) and ((2)414)((2)?')), with

d, {4} = ()11 — ((2) 1) ((2)P1)
= {27 (2)") (7)

when the POI is in the range —2.4 < < —1.2 and similar
equations for when the POI is in different # ranges. The
differential v,{4} value can then be expressed as

va{4} = —d, {4}/ (=c,{4})*, (8)

where ¢,{4} is the integral cumulant for RFPs [42]. The
effectiveness of the four-subevent method in nonflow
removal is confirmed by a study done using generator
level HUING events (Fig. 4 of End Matter Appendix C),
where collective effects are absent and we expect zero
values after nonflow removal.

The systematic uncertainties are evaluated as functions
of pr using alternative procedures for extracting the cumu-
lants, following the Barlow procedure [64]. Systematic
uncertainties due to tracking inefficiency and track mis-
reconstruction rate are studied by varying the track quality
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FIG. 2. The v,{4} value vs. pp with 185 < N@ifline < 250 for
pPb (left) and PbPb (right) collisions. The red, blue, black and
green markers are for the cases where tracks are not divided into
subevents, and divided into two, three and four subevents,
respectively. The solid lines and boxes represent the statistical
and systematic uncertainties, respectively.

requirements. The selection thresholds on the significances
of the transverse and longitudinal track impact parameters
are varied from 2 to 5. In addition, the upper limit on the
relative pt uncertainty is varied from 5% to 10% (15%) for
pPb (PbPb) collisions. The resulting systematic uncertainty
varies up to 5% depending on multiplicity, pr, and collision
system. The potential systematic uncertainty arising from
the dependence of the acceptance and reconstruction
efficiency on the primary vertex position along the beam
axis (zyy) 1S determined by comparing the results with
events from |zy,| <3 cm and 3 < |z, | < 15 cm to the
default range of |z, | < 15 cm. This systematic uncertainty
is estimated to be < 0.2%. The impact of pileup in pPb
collisions is studied by varying the pileup selection of
events using the distance among reconstructed vertices and
their associated number of tracks. The corresponding
systematic uncertainty is also found to be < 0.1%.
Systematic effects from event selections in PbPb collisions
are found to be negligible. Systematic uncertainty from the
different sources are added in quadrature to obtain the total
systematic uncertainty, shown as boxes in the figures.
The v,{4} results for the different subevent methods are
shown for the 185 < NYIMine < 250 range as a function of
pt in Fig. 2. The left panel shows the results for pPb
collisions and the right panel for PbPb collisions. The
185 < Néffline < 250 range corresponds to approximately
65%-70% centrality in PbPb collisions. The v,{4} is
calculated for each pr range of POI, and the marker is
placed at the mean pr value. The standard v,{4} result
(without subevents) becomes negative above pp ~ 10 GeV
for pPb collisions, which is not the case for the PbPb
results. This is likely a consequence of selecting rare high-
multiplicity pPb events with an increased nonflow con-
tribution from jets, which results in a negative contribution
to v,{4}, when compared with PbPb events. Using the
subevent method, this negative trend is heavily suppressed,
and positive values of v,{4} (negative value of d,{4})
result up to pp ~ 17 GeV, the upper limit of the current
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FIG. 3. Upper: comparison of pPb and PbPb four-subevent

v,{4} values with 185 < NOifline < 250 vs pr. Lower: compari-
son of pPb and PbPb four-subevent v,{4} values with pf°! >
6 GeV vs (Noifline) " The solid lines and boxes represent the
statistical and systematic uncertainties, respectively.

investigation. The three- and four-subevent results are in
agreement with each other, suggesting a nearly complete
removal of short-range correlations.

The upper plot in Fig. 3 compares the four-subevent
v,{4} values as a function of pp for pPb and PbPb
collisions. We observe similar magnitudes of »,{4} in
both collision systems at higher pt, with nearly constant
values above pr ~ 6 GeV. In the lower plot of Fig. 3, we
show the four-subevent v,{4} values for particles with
pr > 6 GeV as a function of (N2fin¢) for pPb and PbPb
collisions. Figure 5 of End Matter Appendix D shows the
v,{4} results in terms of efficiency-corrected mean multi-
plicity ((Ng™ced)). The v,{4} values and their (NOffline)
dependence for the two systems are again very similar. This
similarity is unlikely to be a consequence of the different
/5NN values of the two systems being considered, noting
that only minimal (2% to 4%) difference in integrated v,
values is observed in PbPb collisions at /syy = 2.76 and

V5NN = 5.02 TeV [65].
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The four-subevent v,{4} values at high pr are signifi-
cantly larger than the previous measurement of v,{2} by
the ATLAS experiment using the template fit method [38].
Using the same template fit method, we obtain consistent
v,{2} results compared to ATLAS. The template fit
method assumes that the shape of nonflow (such as jet-
induced) correlations remain unchanged between low and
high-multiplicity events. This assumption may, however,
not hold because of angular broadening of these correla-
tions with increasing multiplicity, potentially leading to an
oversubtraction of nonflow correlations in the genuine v,
signal. We have confirmed this by analyzing v,{2} results
in HIUING simulations using the template fit method.

Our results are unexpected, given the distinct nature and
geometry of the medium formed in pPb as compared to
PbPb collisions. The baryon-meson ratio enhancement
found at intermediate pr disappears for pr > 6 GeV in
PbPb collisions [66]. This is consistent with the higher-pr
region studied here being well within the hard scattering
regime where any azimuthal asymmetry is expected to arise
through an energy loss mechanism, as opposed to hydro-
dynamic flow. High-pr hadrons are significantly sup-
pressed in PbPb collisions relative to pp collisions,
indicating a path length dependent energy loss [67]. No
such energy loss is apparent in pPb collisions, although it is
important to note that nuclear modification measurements
in small systems are complicated by uncertainties in the
calculated number of binary nucleon-nucleon collisions
[68,69]. The larger v,{4} values observed for low multi-
plicity PbPb collisions below pt ~ 3 GeV suggest a more
lenticular collision geometry when compared to high-
multiplicity pPb collisions. This, together with the energy
loss argument, leads to an expectation of larger v,{4}
values at high pt for PbPb events. However, our observed
high-pr v,{4} values are similar for PbPb and pPb
collisions. One potential origin of the v,{4} at high py
could be the initial-state intrinsic transverse momentum
asymmetries of unpolarized and polarized partons within
an unpolarized nucleon, as explored in Ref. [70]. Further
investigations, both in theory and in experiment are needed.

In summary, four-particle elliptic anisotropies (v,{4})
are measured over a large range of transverse momentum
(pr) using multiparticle cumulant analyses based on the
division of particle tracks into two, three, or four separate
pseudorapidity ranges (“‘subevents”). Dividing the particles
into separate subevents is shown to strongly suppress
effects resulting from jet fragmentation. Significant and
positive v,{4} values that extend to high pt are found for
high-multiplicity pPb events. Results are shown for proton-
lead (pPb) and lead-lead (PbPb) collisions at nucleon-
nucleon center-of-mass energies of 8.16 and 5.02 TeV,
respectively. Similar magnitudes of v,{4} values at pp >
8 GeV are observed in pPb and PbPb collisions at
comparable multiplicities. The observed agreement in
multiparticle collectivity for high-py particles in the two
systems is striking and may hint at a similar origin.
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Appendix A: Mapping between NOMie gnd Negreeted
pPb and PbPb collisions—Table 1 gives average
multiplicity ((N21"¢)) and multiplicity corrected for
tracking efficiency ((NSg™°d)) values in various NOifline
ranges for pPb and PbPb collisions. Uncertainties for
the tracking efficiency corrected Ng™d are included.

Appendix B: Mean py for different pr bins in pPb
and PbPb for 185 < NYifine < 250—Table 1I gives the
mean pr ({pr)) values for various pr ranges used for
the POIs in pPb and PbPb collisions. The difference is
negligible except the last bin.

TABLE 1. (Noifline) and (Neoreeted) yalues in various NOine
ranges.
pPb PbPb

N?rfkﬂine range < N?rfkﬂine> < Nfr?(rrected> < Ngli(ﬂine> < N(c;f(rrected)
(0, 60) 27 33+£1 23 390+2
[60, 120) 83 101 £4 87 152+6
[120, 150) 132 160 £ 6 135 233+ 10
[150, 185) 164 198 +£7 168 287+ 12
[185, 250) 202 245+ 10 216 368 + 16

071903-7


https://doi.org/10.1103/PhysRevC.95.044911
https://doi.org/10.1103/PhysRevC.96.034906
https://doi.org/10.17182/hepdata.156174
https://doi.org/10.17182/hepdata.156174
https://doi.org/10.1088/1748-0221/3/08/S08004
https://doi.org/10.1088/1748-0221/19/05/p05064
https://doi.org/10.1088/1748-0221/9/10/P10009
https://doi.org/10.1088/1748-0221/9/10/P10009
https://doi.org/10.1016/j.nima.2022.166795
https://doi.org/10.1016/j.nima.2022.166795
http://cds.cern.ch/record/687382
http://cds.cern.ch/record/687382
http://cds.cern.ch/record/687382
https://doi.org/10.1088/1748-0221/16/05/P05014
https://doi.org/10.1088/1748-0221/13/06/P06015
https://doi.org/10.1088/1748-0221/15/10/P10017
https://doi.org/10.1088/1748-0221/15/10/P10017
https://doi.org/10.1088/1748-0221/12/01/P01020
https://doi.org/10.1088/1748-0221/12/01/P01020
https://doi.org/10.1016/0010-4655(94)90057-4
https://doi.org/10.1016/0010-4655(94)90057-4
https://doi.org/10.1140/epjc/s2005-02426-3
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1103/PhysRevC.89.064904
https://doi.org/10.1103/PhysRevC.101.014912
https://doi.org/10.1103/PhysRevC.101.014912
https://doi.org/10.1103/PhysRevC.98.044902
https://doi.org/10.1103/PhysRevD.47.2754
https://doi.org/10.1103/PhysRevD.47.2754
https://doi.org/10.1214/aos/1176344552
https://arXiv.org/abs/hep-ex/0207026
https://doi.org/10.1007/JHEP07(2018)103
https://doi.org/10.1103/PhysRevLett.111.222301
https://doi.org/10.1103/PhysRevLett.111.222301
https://doi.org/10.1007/JHEP04(2017)039
https://doi.org/10.1007/JHEP04(2017)039
https://doi.org/10.1103/PhysRevC.90.034902
https://doi.org/10.1103/PhysRevC.90.034902
https://doi.org/10.1016/j.physletb.2015.02.068
https://doi.org/10.1016/j.physletb.2015.02.068
https://doi.org/10.1016/j.physletb.2024.139105
https://doi.org/10.1016/j.physletb.2024.139105
https://doi.org/10.7483/OPENDATA.CMS.1BNU.8V1W
https://doi.org/10.7483/OPENDATA.CMS.1BNU.8V1W

PHYSICAL REVIEW LETTERS 135, 071903 (2025)

TABLE 1L (py) for py bins of POI in pPb and PbPb for
185 < Ngiftine < 250, All pr values are given in units of GeV.

pPb PbPb
pr range (pr) (p1)
0.3-0.5 0.40
0.5-1.0 0.71 0.71
1.0-1.5 1.21 1.21
1.5-2.0 1.71 1.71
2.0-2.5 222 2.22
2.5-3.0 2.72 2.72
3.04.0 3.40 3.40
4.0-5.0 4.41 4.41
5.0-6.0 543 542
6.0-8.0 6.77 6.76
8.0-10.0 8.81 8.81
10.0-12.0 10.86 10.85
12.0-14.0 12.88 12.87
>14.0 17.19 17.06

Appendix C: Comparison of 4-subevent d,{4} in
HIJING with data—Figure 4 compares d,{4} results
based on HUING simulations in 100 < N§" < 200 with
the experimental data results in 185 < NOffline < 250,
Here Ni,' is the measured track multiplicity with pr >
0.4 GeV and || <2.4 in generator level HUING. The
d,{4} decreases significantly as we go from “without
subevents” to “four subevents” due to reduction in
nonflow in both HIJING (filled points) and data (open
points). Although the amount of reduction is smaller in
data than in HIJING, the systematic trends are the same.
The HUING results of four-subevent d,{4} are consistent
with zero at high pp, suggesting complete removal of
nonflow, whereas the experimental data results of four-
subevent d,{4} are found to have significantly negative
values.

Appendix D: Plot shown in Fig. 3 (lower), but with
(Neomeeted) glong the x axis—Figure 5 shows the four-
subevent v,{4} results in terms of efficiency-corrected
mean multiplicity ((N99™**d)) in  pPb and PbPb
collisions. The POI is taken with pr > 6 GeV. The
high-pr v,{4} values and their (NI} dependence for
the two systems are very similar.

,3 p+Pb 186 nb™ (8.16 TeV)
S 0 AN

<
o CMS = Nk b
0.02 & . 100<N&"<200  *
0.01F ° " -
r L] ° L] . [} ]
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Er"' F nn ° o o © o E
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_ o " o 2 subevents =
0.03 o A s 4 subevents ]
C_. PR I T SR R S NN T S TR S | ]

0 5 10 15
p,(GeV)

FIG. 4. Four-subevent d,{4} values in generator level HUING
for 60 < Nﬁin < 120 (shown by the closed green diamonds)
compared to the experimental pPb results with 60 < NOifline <
120 (open blue squares) and 185 < NOifline < 250 (closed red
circles).

pPb 186 nb™ (8.16 TeV) PbPb 0.60 nb™ (5.02 TeV)
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FIG.5. Comparison of v,{4} values as a function of (N¢mected)
between pPb and PbPb collisions. The solid lines and boxes
indicate the statistical and systematic uncertainties, respectively.
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