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Introduction

Recently it has been proposed that the
global vorticity in non central heavy ion colli-
sions entails a new effect named as the split-
ting of elliptic flow [1]. In a subsequent work,
using the transport model simulation it has
been shown that the split in elliptic flow (vg)
is a consequence of non-zero directed flow at
finite rapidities [2]. However the transport
models are not able to explain the experimen-
tal data of rapidity dependent directed flow
(v1) of charged particles. In this work, we have
considered a tilted matter profile which after
hydrodynamic evolution explains the experi-
mental data of vi(n) at \/syn = 200 GeV in
Au+Au collisions. We have observed that the
split in vy can be attributed to the presence
of rapidity odd harmonics in final momentum
distribution of the produced particles. Espe-
cially the first and third components are found
to be dominant contributors [3]. The proposed
splitting in v may be used to constrain initial
conditions which has been demonstrated with
two different models.

Initial profile and hydrodynamic
evolution

We have considered two different models
widely used to construct the initial rapidity
profile of energy density in heavy ion colli-
sions, the shifted initial condition (SIC) [4]
and tilted initial condition(TIC) [5]. In the
SIC model, the energy density deposited along
the space-time rapidity at each transverse co-
ordinate is shifted by a value identified as the
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rapidity of the center of mass at that trans-
verse position. The TIC assumes asymmetric
matter deposition of a participating nucleon in
forward and backward rapidity region which
creates a tilted profile in the reaction plane.
The hydrodynamic evolutions of the input
energy density profiles have been performed
by the publicly available MUSIC code. The
code provides the final momentum space prob-
ability distribution of the produced particles
after doing the Cooper-Frye freezeout and res-
onance decays from which various observables
have been calculated. Used parameters in the
initial conditions and during hydrodynamic
evolution have been mentioned in [3].

Splitting of the elliptic flow

The Fourier expansion of the azimuthal dis-
tribution of produced hadrons is

‘% = (1 #2 (n os{n9 i) + o sin(n - pr)))>
(1)

It is important to note here that all the Fourier

coefficients(v,, and s,) have been defined with

respect to reaction plane angle (¢rp) which

is different from the usual definition where

they are defined with respect to the respec-

tive event planes. The split in vs is defined

as

AUQ = ’U2R — ’U2L (2)

where v = (cos(2(¢® — ¢grp))) with
o™ € ((Yrp — 7/2), (Yrp + 7/2)) and vy =
(cos(2(¢" — ¥mrp))) with ¢ € ((¢Yrp +
7/2), (Yrp + 37/2)). Using Eq. 1 in Eq. 2
one can get the following relation.
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FIG. 1: (Color online) Rapidity and pr differen-
tial directed flow (v1) is computed both for TIC
(red solid line) and SIC (blue dashed line) for 5-
40 % centrality Au+Au collisions at vV NN = 200
GeV. The model expectations are compared to
measurements from the STAR collaboration.

Results

As seen in Eq. 3, the leading contributions
to Awvg arise from the odd harmonics. We first
compare the model results calculated using
both SIC and TIC with v; —n and v; —pr data
measured by STAR collaboration in Fig. 1.
We have observed that the TIC is able to ex-
plain the experimental data. Hence it is ex-
pected to get correct prediction of Awvs within
the used framework.

We have presented the Awv, prediction from
both TIC and SIC together in Fig. 2 for com-
parison although the SIC fails to describe the
existing experimental data. We have noted
that Awvg results out of tension between wvq
and vz in the TIC however in the SIC we
have found that it is mostly controlled by v
as v3 turns out to be small in this case. It is
worth noting here that an earlier study of Awvsg
within the transport framework of the AMPT
model had similar conclusions as the results
here with SIC [2]. Thus, the characteristics of
Awvy can serve as a sensitive probe of rapidity
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dependent gnitial condition of the fireball.
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FIG. 2: (Color online) The predictions for phase
space dependence of Avs has been compared be-
tween TIC and SIC.

Summary

We have calculated the Avy within a 3+1
D relativistic hydrodynamic framework with
tilted and shifted initial condition. Unlike ear-
lier studies, the tilted initial condition which
describes the experimental data of vy gives
sizeable rapidity odd vz which contributes sig-
nificantly to Avy alongwith v1. The sensitivity
of initial conditions on Awv, has been demon-
strated by comparing the results from tilted
initial condition with shifted initial condition.

References

[1] Z. Chen, Z. Wang, C. Greiner, and Z. Xu,
(2021), arXiv:2108.12735 [hep-ph] .

[2] C. Zhang and Z.-W. Lin, (2021), arXiv:
2109.04987 [nucl-th] .

[3] T. Parida and S. Chatterjee,
arXiv:2204.02345[nucl-th] .

[4] T. Hirano and K. Tsuda, (2002), arXiv:
nucl-th/0205043 .

[5] P. Bozek and I. Wyskiel, (2010), arXiv:
1002.4999 [nucl-th] .

(2022),

Awailable online at www.sympnp.org/proceedings

947



