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We present the predictions of a hydrodynamic model for the flow ob-
servables recently measured in the highest-multiplicity p+Pb collisions at
the LHC. We focus on the “ridge” phenomenon, which provides an impor-
tant probe of the long-range dynamics and may be used to support the
collective interpretation of the p+A data.
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In this paper, we review our recent predictions [1–3] concerning the pos-
sibility of soft collective dynamics in the highest-multiplicity p+Pb collisions
at the LHC energies of

√
sNN = 5.02 TeV. Indeed, one of the most important

findings of the heavy-ion program at RHIC, now confirmed at the LHC, is
the collective flow appearing in the A+A collisions [4]. It results, inter alia,
in the ridge phenomenon in the two-particle two-dimensional correlations in
the relative azimuth and pseudorapidity in the high multiplicity A+A col-
lisions [5–10], as well as in the highest multiplicity p+A collisions and even
the p+p collisions [6, 11–14].

The appearance of the ridge in A+A collisions found a convincing ex-
planation in terms of the collective harmonic flow [15, 16]. Indeed, if the
created fireball in the transverse plane is approximately boost-invariant, i.e.,
if the resulting flow patterns in the transverse directions are similar over a
range of pseudorapidity (typically, experiments cover from a few units), then
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a collimation effect appears, extending over a few units of rapidity. One may
imagine surfers on a long wave: they all move in the same directions due to
the flow, even if they are two miles away!

The pertinent question now is if the flow idea may also be applied to
a much smaller system than the one formed in central A+A collisions,
namely, the fireball in p+Pb collisions. We use a three-stage approach which
became popular in the A+A studies, where it describes successfully numer-
ous aspects of the soft-physics data. The three phases are:

1. The fluctuating initial state, obtained here with the Glauber simu-
lations [17], where the initial density is obtained by placing smeared
sources in the centers of the participating nucleons.

2. The subsequent event-by-event hydro simulations with the 3+1D vis-
cous dynamics [3, 18], with the shear viscosity η/s = 0.08, the bulk
viscosity, and the early hydro ignition time of τ = 0.6 fm.

3. The statistical hadronization [19], carried out at the constant freeze-
out temperature Tf = 150 MeV.

The physical object of our study is the per-trigger correlation function
in relative pseudorapidity and azimuth, defined as [20]

Ctrig(∆η,∆φ) ≡ 1

N

d2Npair

d∆η d∆φ
= B(0, 0)

S(∆η,∆φ)

B(∆η,∆φ)
, (1)

where ∆η and ∆φ are the relative pseudorapidity and azimuth of the parti-
cles in the pair. The signal is defined via the pairs from the same event,

S(∆η,∆φ) =

〈
1

N

d2N same

d∆η d∆φ

〉
events

, (2)

whereas the mixed-event background distribution is

B(∆η,∆φ) =

〈
1

N

d2Nmix

d∆η d∆φ

〉
mixed events

. (3)

The variable N denotes the number of charged particles in a given centrality
class and acceptance bin. To make quantitative comparisons, one introduces
the projected correlation function

Y (∆φ) =

∫
B(∆φ)d(∆φ)

πN
C(∆φ)− bZYAM , (4)
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where S(∆φ) and B(∆φ) are averages of S(∆η,∆φ) and B(∆η,∆φ) over the
chosen range in ∆η avoiding the central region, in particular, 2 < |∆η| < 5
in the ATLAS analysis, and the constant bZYAM is such that the minimum
of Y (∆φ) is at zero.

In Fig. 1, we show the typical results of our simulations. We note the
two ridges, as well as the central peak, here formed due to included charge
balancing [21], and to a lesser extent by the decays of resonances. In Fig. 2,
we show the projected and ZYAM-subtracted correlation function for two
variants of the model, with the standard and compact sources (cf. Ref. [3]).
We note a fair agreement of the hydrodynamical model with the data. Other
results, such as the obtained harmonic flow coefficients, are given in Ref. [3].
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Fig. 1. The per-trigger-particle correlation function Ctrig(∆η,∆φ) of Eq. (1) for
the two most central centrality classes corresponding to Ntrack ≥ 110 (panel (a))
and 90 ≤ Ntrack ≤ 110 (panel (b)) for the p+Pb collisions used by the CMS
Collaboration. The transverse momentum of each particle belongs to the relatively
soft range 1.0 < pT < 3.0 GeV.
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Fig. 2. The projected and ZYAM-subtracted correlation function Y ∆(φ) for the
most central p–Pb collisions for the standard source (solid line) and compact source
(dashed line), compared to the most central ATLAS data (points). The total
transverse momentum is approximately conserved with the condition for the total
transverse momentum, pT < 5 GeV. Charge balancing is imposed.

In conclusion, we note that the correlation and flow data for the highest
multiplicity p+Pb collisions at the LHC may be satisfactorily described with
the approach incorporating hydrodynamics, thus based on collectivity of the
dynamics. Thus we offer an explanation following the path of the A+A
analyses. For scenarios based on the Color Glass Condensate theory, see
[22–27]. The discrimination of the two approaches may be made in the
future with the particle-identified data.
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