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I. Introduction
In heavy-ion collisions, azimuthal anisotropies have long been 
viewed as a signature for the formation of strongly-coupled 
quark-gluon plasma fluid droplets. Could momentum 
anisotropies develop without final-state interactions or initial 
parton saturation in small systems, e.g.,  𝜋 + 𝜋 → 𝑔 + 𝑋?

II. Methodology

III. The azimuthal distribution IV. 𝑣!

v The dipole-dipole cross section 

The azimuthal flow coefficients 𝑣! and the reaction plane angle 
𝜓! are defined as 
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1 + 2∑!(𝑣!' cos 𝑛𝜙 + 𝑣!
( sin(𝑛𝜙)])

With 𝒗! = {𝑣!) , 𝑣!
*}, we have 𝑣! = |𝒗!| and 𝜓! = 𝜙𝒗!/𝑛.

We consider the process of two ultra-relativistic pions (A and B) 
colliding at the impact parameter b, producing one gluon (C). The 
cross section can be factorized into pion light-front wavefunction 
(LFWF) and dipole cross section,1

with observable 𝑂 as the gluon k, = 𝑘- , 𝜙 to study anisotropies.  
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v The pion LFWF

We derive the impact-parameter dependent dipole cross 
section for radiating one gluon

with 𝜂 the (pseudo)rapidity of the gluon.

Obtained from the Basis Light-Front Quantization (BLFQ) 
approach, with an effective light-front Hamiltonian2:

v The flow coefficients

v At different dipole configurations and 𝒌𝑻 regimes

The azimuthal distribution .
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(cos𝜙, sin𝜙) at 𝑘0𝑑"1 = 2, 5, 10.

small 𝒌𝑻
Elliptical 
pattern,
𝜙3, 𝜙4 −
integrated 𝑣%
is sizable

large 𝒌𝐓
Highly 
oscillatory,
𝜙3, 𝜙4 −
integrated 𝑣%
is vanishing

v 𝒒𝒒 + 𝒒𝒒 → 𝒈 + 𝑿

v 𝝅 + 𝝅 → 𝒈 + 𝑿

Observations: 
1) 𝑣% ∝ 𝑘-% at small 𝑘-
2) 𝑣% oscillates and decreases at larger 𝑘-
3) 𝑣% is larger at smaller 𝑑"1 or 

equivalently larger b

Observations: 
1) 𝑣% ∝ 𝑘-% at small 𝑘-
2) 𝑣% at larger 𝑘- depends on the 

centrality of the collisions
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