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Introduction
• Long-range two-particle azimuthal correlation, 

“ridge”, gives insights into the interplay 
between initial stages and evolution of the 
medium created in the collision.
• Ridge is observed up to Δη~2 by ALICE in 

small systems (ATLAS/CMS:Δη~4)
• The origin of ridge is not well understood in 

small systems. A promising scenario is that v2
is driven by “corona” (or initial momentum 
anisotropy) rather than final effect at low 
multiplicity [1].
• Systematic measurements of flow in small 

systems is important to unravel its origin.
• v2(η) is useful to constrain the initial condition, 

space–time evolution of the system, medium 
properties such as η/s(T) [2].
Long-range correlation up to Δη~8 in p–Pb and 6 

in pp and v2(η) at -3.4<η<5.1 by using ALICE 
forward multiplicity detectors (FMD)
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Two-particle correlation in p–Pb at 𝒔NN = 5.02 TeV

• Associated yield per trigger:
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• Long-range correlations along Δη at 
Δφ~0, called “ridge”, are observed 
up to Δη~8 in central (0–5%) events.

• The peripheral (60–100%) events 
are dominated by the non-flow.

• Peripheral correlations are 
subtracted from central correlations 
to remove non-flow contributions.

pPb Pb Pbp p

• Three subevents to extract v2(η):
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Two-particle correlation in pp at 𝒔 = 13 TeV
• The ridge structure is observed up to 

at least Δη~6 in high-multiplicity 
events, but not in MB events.

• The MB subtraction and the Template 
fit method are used to remove the 
non-flow contribution.
• The MB subtraction assumes the 

low-multiplicity event contains only 
non-flow, while the Template fit 
method allows non-zero flow in 
low-multiplicity.

• Template fit method is developed by 
ATLAS (PRC 96, 024908).
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Extraction of v2(η)

• Relative modulation:
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• Three-subevent method:
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• Fourier series:
1

𝑁!"#$
𝑑𝑁&''()
𝑑Δ𝜑 = 𝑎1 +3

./3

0

2𝑎. cos(𝑛Δ𝜑)

Double ridge structure is observed up to Δη~8 
and Δη~6 in p–Pb and pp collision, respectively

p-Pb:(0–5%)-(60–100%)

pp:(0–0.1%)-(0–100%)

-3.4 -1.9 -0.8 0.8 1.9 5.1

FMD3 TPC FMD1,2

𝑉%(𝜂456 , 𝜂7893,%)𝑉%(𝜂456 , 𝜂7890)

𝑉%(𝜂7893,%, 𝜂7890)

b: baseline in the low-multiplicity event
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v2(η) in p-Pb and pp
• Flow signal is observed in a wide 

pseudorapidity range (-3.4<η<5) in high-
multiplicity pp, p–Pb collisions.

• v2 in central (0–5%) p–Pb is comparable 
with v2 in peripheral (70–80%) Pb–Pb 
collisions, where their multiplicities at 
forward pseudorapidity are comparable.

• v2 in pp varies by different non-flow 
subtraction method due to different 
assumptions.
• The MB subtraction and the ZYAM 

template give the lower limit and the 
template fit gives the upper limit.

Outlook:
• Update v2 at midrapidity
• v2(η) at same multiplicity in pp, p–Pb, 

and Pb–Pb
• Model comparisons to discuss the origin 

of flow in small systems
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