The energy dependence of directed and elliptic flow
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Abstract

The energy excitation functions of v and v9 from Ey .., = 90A MeV
to Een = 200A GeV are explored within the UrQMD transport ap-
proach and discussed in the context of the available data. It is found
that, in the energy regime below Fy .., < 10A GeV, the inclusion of
nuclear potentials is necessary to describe the data. Above 40A GeV
beam energy, the UrQMD model starts to underestimate the elliptic
flow. Around the same energy the slope of the rapidity spectra of the
proton directed flow develops negative values. This effect is known as
the third flow component (" antiflow” ) and cannot be reproduced by the
transport model. These differences can possibly be explained by assum-
ing a phase transition from hadron gas to quark gluon plasma at about
40A GeV. This poster is based on the following pubilcations [1, 2, 3].

The UrQMD model

For our investigation, the Ultra-relativistic Quantum Molecular Dynam-
ics model (UrQMD v2.2) [4, 5] is applied to heavy ion reactions from
Epeam = 90A MeV to /sy = 200 GeV. This microscopic transport
approach is based on the covariant propagation of constituent quarks
and diquarks accompanied by mesonic and baryonic degrees of free-
dom. It simulates multiple interactions of in-going and newly produced
particles, the excitation and fragmentation of colour strings and the
formation and decay of hadronic resonances. A phase transition to a
quark-gluon state is not incorporated explicitly into the model dynam-
ics. The UrQMD transport model is successful in describing the yields
and the p; spectra of different particles in pp and pA collisions [6].

Time evolution

Let us now explore the time evolution of the pressure gradients in con-
nection with the elliptic flow development. The transverse pressure gra-
dients have been calculated for the first 10 fm at Ej,;, = 40A GeV (see
Figure 1(top)).
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Figure 1: UrQMD calculation for the time evolution of the pres-
sure gradients and elliptic flow for Pb+Pb interactions at F),, =
40A GeV. Top: dP/dx (full line), dP/dy (dotted line) and the dif-
ference between these two AP (dashed line) are depicted. Bottom:
Elliptic flow of pions (squares) versus time at midrapidity for mid-
central collisions (b=7 fm).

One observes large pressure gradients in the very early stage of the
collision. The maximum is reached around ¢ = 3 fm. The difference be-
tween the pressure gradients in x- and y- direction is responsible for the
v9 development. As it can be seen in Figure 1(bottom) the temporal
evolution of elliptic flow for pions starts exactly after this maximum.
The elliptic flow increases during ~ 6 fm until it reaches almost its final
value. After t = 10 fm it decreases a little because of resonance decays.
So, elliptic flow builds up in the early stage of the collision due to the
difference of pressure gradients as it is expected.

Directed flow

To characterize the amount and the direction of the directed flow of
protons over the energy range from 2 — 160A GeV one can extract
the slope around midrapidity from the normalized rapidity distributions
usually referred to as the “F" parameter [7].
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Figure 2: Slope of v{(y) of protons around midrapidity extracted
from normalized (v = y/y;) rapidity distributions. The data are
taken from E895 (squares) [7] and NA49 (triangles) [8]. UrQMD
calculations with included mean field (HMw) are depicted with full
circles. Open circles depict UrQMD calculation in the cascade mode.

In Figure 2 one observes that at lower energies the inclusion of a nu-
clear potential is needed to reproduce the data [9]. At SPS energies the
data develop even negative values for the slope around midrapidity. This
behaviour cannot be reproduced within the transport model calculation
(cascade mode). However, ideal hydro calculations have predicted the
appearance of a so-called "third flow component” [10] or "antiflow” at
finite impact parameters. In these analysis’ it was pointed out that this
“antiflow” develops if the matter undergoes a first order phase transition
to the QGP. In contrast, a hadronic EoS without QGP phase transition
did not yield such an exotic "antiflow” (negative slope) wiggle in the
proton flow v;(y) at low energies.

Elliptic flow

The excitation function of charged particle elliptic flow is compared to
data over a wide energy range (Figure 3), i.e from Ej,;, = 90A MeV to

\/SNN — 200 GeV.
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Figure 3: The calculated energy excitation function of elliptic flow
of charged particles in Au+Au/Pb+Pb collisions in mid-central colli-
sions (b=5-9 fm) with |y| < 0.1(full line). This curve is compared to
data from different experiments for mid-central collisions. For E895
[11, 12] and FOPI [13] there is the elliptic flow of protons and for
NA49 [8] it is the elliptic flow of pions. For E877, CERES [14, 15, 16],
PHENIX [17], PHOBOS [18] and STAR [19]there is data for the
charged particle flow. The dotted line in the low energy regime de-
picts UrQMD calculations with the mean field [9].

The squeeze-out effect at low energies and the change to in-plane emis-
sion at higher energies is nicely observed in the excitation function.
The symbols indicate the data for charged particles from different ex-
periments. At low energies Ej, ., ~ 0.1 — 6A GeV we adopt a hard

equation of state with momentum dependence (HM-EoS) which was
updated recently in the UrQMD model [9].
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In the SPS regime the model calculations are quite in line with the data,
especially with the NA49 results. Above F,;, = 160A GeV the calcula-
tion underestimates the elliptic flow. At the highest RHIC energy there
are about 5% flow in the data while the model calculation provides only
half of this value. This can be explained by assuming a lack of pressure
in the transport model at these energies.

Partonic fraction

It is possible that above the energy range about Ej,;, = 40 AGeV par-
tonic interactions have to be taken into account to describe the data.
To illuminate this, we have calculated the energy density during heavy
ion collisions at different beam energies. From this, we extract the time
corresponding to the maximum value of the total energy density.
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Figure 4: Calculated fraction of energy density in unformed hadrons
with |y| < 0.5 and in a cylindrical volume with transverse radius
r = 3 fm and length h = 3/y-7 fm as a function of the beam
energy for central Pb+Pb (Au+Au) reactions.

Figure 4 shows the fraction of the energy density that is deposited in the
"unformed hadrons” (¢,qrtonic/ (€partonic + €hadronic))- 1.e. all string
fragments within their formation time are dubbed as ‘partonic’. The
fraction of €;,4,tonic starts at zero for low energies and then rises fast
to almost 100 %. Note that this fraction reaches 90 % already around
40A GeV beam energy, similar to the energy region where a phase tran-
sition is expected. As one can see, the energy density of the formed
hadrons (€1,,4r0nic) IS much smaller than the total value, therefore the
effective pressure of the formed hadrons alone in the model seems to
be too small to generate enough vy. Thus, this finding supports the
interpretation of the need for initial pressure from “pre-QGP" matter
already at low SPS energies.
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