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We present calculations of dielectron anisotropic flow in heavy-ion collisions at HADES beam

energies from a hadronic transport approach. The collectivity of the electromagnetic radiation

produced during the evolution of these collisions has recently been dubbed as a barometer, serving

as a probe for the flow velocity of the underlying hadronic matter. In particular, we study the

elliptic flow coefficient E2 of dileptons in different collisions systems, and its relation to the flow

of hadrons.
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1. Introduction

Dileptons are regarded as powerful probes and multi-messengers for the physics of a heavy-ion

collision (HIC), because the small ratio between the electromagnetic and strong couplings allows

them to leave the hot and dense medium mostly undisturbed. The detected leptons carry information

about the whole evolution, unlike hadrons, which are only measured in their final state. Despite

being very versatile probes, the small electroweak coupling also makes dileptons rare and difficult

to measure; and there is an inherent combinatorial uncertainty from matching a lepton with the

antilepton originating from the same process.

An observable of current interest is the anisotropic flow of dileptons, in all beam energy ranges

of HICs [1–4], as it is sensitive to shear and bulk viscosities [5], as well as the equation of state

at early times [6]. On top of the aforementioned experimental complications, the specific method

used to compute the flow coefficient may carry systematic uncertainties, such as the determination

of the reaction plane and its resolution. The HADES collaboration is currently analysing dilepton

anisotropy in Ag+Ag collisions at
√
B## = 2.55 GeV using the reaction plane method [1]. In this

work, we propose the scalar product method, which correlates the differential dilepton event flow

vector with the global hadron flow in an event-by-event basis, and which may help decrease the

large error bars associated with this measurement.

2. SMASH

We simulate heavy-ion collisions using the cascade mode of SMASH (Simulating Many Accel-

erated Strongly-interacting Hadrons), a general purpose transport approach which evolves hadrons

according to the relativistic Boltzmann equation [7]. We use a geometric criterion to determine

binary scatterings, and hadronic decays are selected randomly with a rate equal to the inverse of a

mass-dependent parametrization of the width in the hadron rest frame, fixed to the vacuum value Γ0

given by the Particle Data Group [8] at the pole mass. Hadrons with Γ0 < 15 keV (such as c0 and [

mesons) are taken as stable and do not decay, the rest are treated as resonances with finite lifetimes.

Since the electromagnetic branching ratio of resonances is very small, e.g. BRd→4+4− ≈ 10−5,

an unfeasible number of events would be needed to accumulate statistics if we treated dilepton

emission in the same way as the hadronic decays. Instead, we use the perturbative shining method

[9, 10], where at every time step with duration Δg the resonance radiates its electromagnetic

channels, but the emission carries the weight

F'→e.m.(Δg) =
Δg∫

0

dC

W'
Γ'→e.m. (";;) , (1)

which is taken into account later when computing multiplicities. Here, W' is the resonance’s Lorentz

factor, and ";+;− is the dilepton invariant mass. When the emission is direct (' → ;+;−), the latter

is equal to the resonance mass, but in a Dalitz process (' → -;+;−) it is sampled uniformly from

the available phase space. For hadrons considered stable, the dilepton decay is performed at the

end of the event.

SMASH relies solely on vacuum properties, and the resulting dilepton yield for ?+ ? collisions

matches experimental data [10]. However, the modifications caused by medium interactions in
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