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Small systems such as p+Nucleus and pp collisions were assumed to be free from the effects
of hot nuclear matter unlike the heavy ion collisions. Recently long-range (large rapidity gap)
near-side (same azimuthal angle) dihadron correlations, revealing azimuthal anisotropies in the
event shape have been seen, challenging this assumption. This phenomenon is known as the ridge
structure. The ridge in a small system have been understood to be a result from the collective
behaviour of emitted particles in the collisions, which can be described by hydrodynamic models.
This talk presented the recent results of two particle angular correlation in the LHCb experiment
at LHC using pPb collisions at

√
sNN = 5.02 TeV and pp collisions at

√
s = 13 TeV.
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1. Introduction

The ridge structure in long range angular correlations were first measured in heavy ion col-
lisions by the STAR experiment [1] and the PHOBOS experiment [2] at the Relativistic Heavy
Ion Collider (RHIC). Dihadron angular correlation functions in a large rapidity gap ∆η can be
decomposed into cosine Fourier component amplitudes, vn,n(pa

T , pb
T ) = vn(pa

T )vn(pb
T ) where the

vn,n(pa
T , pb

T ) is the anisotropy pair factor that is parametrized by product of two single particle az-
imuthal anisotropies vn [3]. Especially, v2(pb

T ), the so-called elliptic flow, in heavy ion collisions is
important to understand the high-temperature quark gluon plasma (QGP) created in the collision.
The vn are measured to be of a similar size in 2.76TeV PbPb collisions at the Large Hadron Col-
lider (LHC) at CERN and in Au+Au collisions

√
sNN = 200 GeV at RHIC. These anisotropies are

well described by the hydrodynamic model [4]. On the other hand, there are alternative theories
to explain these anistropies, such as initial-state gluon saturation [5], the color glass condensate
(CGC) [6], which suggested underlying processes. Since ridge is observed in long-range ∆η di-
hadron correlations in 7 TeV pp collisions [7], it raises the question whether ridge in small system
are produced by the same processes as in heavy ion collisions. This proceeding presents the re-
cent results of dihadron angular correlations in the LHCb experiment at LHC using pPb collisions
at
√

sNN = 5.02 TeV and pp collisions at
√

s = 13 TeV. The dihadron angular correlation in the
forward region is a unique capability of the LHCb facility. Firstly, the pPb measurements are
presented, followed by pp results.

2. Dihadron angular correlation
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Figure 1: Dihadron correlation function in
the pPb configuration in the high event-activity
classes for pT range of 1 < pT < 2 GeV/c is
shown.

Dihadron angular correlation functions
in the pPb configuration are presented in Fig-
ure 1 [8]. The correlation for particles with 1
< pT < 2 GeV/c is shown for the 0-3 % event
activity class, corresponding to the highest
event activity. One can distinguish three fea-
tures in the figure. First, a near side jet peak
around (∆ϕ,∆η) ∼= (0,0) which is due to
correlations of particles originating from the
same jet-like objects. For better visualisation
of additional structures, in all histograms the
jet peak is truncated. The second promi-
nent feature is visible on the away side jet in
∆ϕ ∼= π over a long range ∆η and combines
near side jet and (potential) ridge contribu-
tions. Ridge structure is in long range ∆η

centred at ∆ϕ = 0. This ridge is elongated
over the full measured ∆η range of 2.9 units
in forward rapidities, 2.0< η <4.9.
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Dihadron correlation function are also performed in pp collisions at
√

s = 13 TeV [9]. Event
activity classes dependence in medium pT are shown in Figure 2a, Figure 2b and Figure 2d. As
increasing event activity class, particle yields are increasing. Especially in the high activity class
shown in Figure 2d, the enhanced structure is observed at ∆ϕ ∼= 0 in long range ∆η . While in low
and medium activity classes, correlations are shown as hollow or flat shape.

The pT dependence of dihadron correlation can be seen comparing Figure 2c and Figure 2d.
The observed event activity and pT dependence agree well with other experimental result.

(a) The low activity class in medium pT class. (b) The medium activity class in medium pT class.

(c) The high activity class in low pT class. (d) The high activity class in medium pT class.

Figure 2: Event activity class dependence of dihadron correlation in p+p are shown in (a), (b) and
(d). And pT dependence are shown in (c) and (d).

3. Summary

Dihadron angular correlations between prompt charged particles produced in pPb collisions
at
√

sNN = 5 TeV and pp collisions at
√

s = 13 TeV have been measured for the forward region in
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the pseudorapidity range 2.0 < η < 4.9 over the full range of azimuthal angles, probing particle
correlations in different common pT intervals, using the LHCb detector. For events with high event
activity a long range ∆η correlation in ∆ϕ ∼= 0 (the ridge) is observed in both pPb and pp. The
correlation structures on the near side and on the away side both grow stronger with increasing
event activity. The ridge is most pronounced for particles of higher transverse momentum.

References

[1] STAR collaboration, B. I. Abelev et al., Long range rapidity correlations and jet production in high
energy nuclear collisions, Phys. Rev. C 80 (2009) 064912.

[2] B. Alver et al., High transverse momentum triggered correlations over a large pseudorapidity
acceptance in Au+Au collisions at

√
sNN = 200 gev, Phys. Rev. Lett. 104 (2010) 062301.

[3] ATLAS collaboration, M. Aaboud et al., Measurement of the azimuthal anisotropy of charged
particles produced in

√
sNN = 5.02 tev pb+pb collisions with the atlas detector, 1808.03951.

[4] C. Gale, S. Jeon, B. Schenke, P. Tribedy and R. Venugopalan, Event-by-event anisotropic flow in
heavy-ion collisions from combined yang-mills and viscous fluid dynamics, Phys. Rev. Lett. 110 (2013)
012302.

[5] K. Dusling and R. Venugopalan, Azimuthal collimation of long range rapidity correlations by strong
color fields in high multiplicity hadron-hadron collisions, Phys. Rev. Lett. 108 (2012) 262001.

[6] F. Gelis, E. Iancu, J. Jalilian-Marian and R. Venugopalan, The color glass condensate, Annual Review
of Nuclear and Particle Science 60 (2010) 463.

[7] T. C. collaboration, Observation of long-range, near-side angular correlations in proton-proton
collisions at the lhc, Journal of High Energy Physics 2010 (2010) 91.

[8] LHCb collaboration, R. Aaij et al., Measurements of long-range near-side angular correlations in√
sNN = 5 tev proton-lead collisions in the forward region, Physics Letters B 762 (2016) 473 .

[9] LHCb collaboration, R. Kopecna, New results on collectivity with LHCb, in 5th Large Hadron Collider
Physics Conference (LHCP 2017) Shanghai, China, May 15-20, 2017, 2017, 1709.09906.

3

https://doi.org/10.1103/PhysRevC.80.064912
https://doi.org/10.1103/PhysRevLett.104.062301
https://arxiv.org/abs/1808.03951
https://doi.org/10.1103/PhysRevLett.110.012302
https://doi.org/10.1103/PhysRevLett.110.012302
https://doi.org/10.1103/PhysRevLett.108.262001
https://doi.org/10.1146/annurev.nucl.010909.083629
https://doi.org/10.1146/annurev.nucl.010909.083629
https://doi.org/10.1007/JHEP09(2010)091
https://doi.org/https://doi.org/10.1016/j.physletb.2016.09.064
https://arxiv.org/abs/1709.09906

