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OUTLINE

. Why measure anisotropic flow?

. Anisotropic flow (v,,), scaling relation and
SQGP at RHIC/LHC

. Elliptic flow results from Beam Energy Scan
(RHIC) and comparison with hybrid models

. Summary and Outlook
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Initial eccentricity (and its attendant fluctuations), € , drives momentum anisotropy, v ,
with specific viscous modulation.
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et al., Phys. Rev. Lett. 110, 012302
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V, (p; centrality) - sensitive to the early stages of
collision. Important constraint for transport
properties: EOS, n/s, {/s, etc.

Mass ordering at p; < 2 GeV/c (hydrodynamic
flow, hadron rescattering)

Baryon/meson grouping at p; > 2 GeV/c
(recombination/coalescence)

No difference between particles and antiparticles

Number of constituent quark (NCQ) scaling

Goal of this work:

Perform simulations with hybrid models
(VHLLE+UrQMD and AMPT), analyse them as in
the real experiment and make comparison with
RHIC BES published measurements of v, and

test the number of constituent quark

scaling.




Analysis method: Event plane method (n-sub)
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2" harmonic Event Plane, Aut+Au 5,,=11.5-27 GeV

80 llluIITFtIJ‘re-cghl. 77 Ge\}";u-sub:w-osnt.l 1I.|5Ga'u'l'l - IQ.ElGeVI' ¢ 100f
Ofull TRC, d-weight 1 rsub, G-weight ‘é E 8 JHLLE-URQMD, 27 GeV
GG T . ) | DL_ 90 ; —— AMPT SM, 27 GeV
é 80 :_ —— vHLLE+UrQMD, 11.5 GeV
~ ol 1 ; : ] % E —B— AMPT SM, 11.5 GeV
i} @ C
-1<n<-0.05 0.05<n<1 24 ! . | & 7
5 60F-
*j' Qp=ssres s remsssens wumss T : . : : ° i~ I}
TPC (E) ha/.f (n < O) % 77_ ‘g BU‘ ' ' E%Gev’“‘ ' ' 391G9U1'I ' ' X ' 50;7 © b o
L] r o]
TPC (W) half (n > 0) - n, ! 1 : o- D 4 & )
F | O »
4 1 1/ 0 . . o
20 u
20 + f .
(Cos[n((pni _ qln,ni)]) cantral peripheral 10:_
v,, = Opeeeee ssrassinas waman I R s Fa srasnmnsinnnnss 4 B
n 0 20 40 6 80 20 40 60 80 20 4 6 & O e e e
(Cos[n(llun,n+ _ Wn,n—)]) centrality (%) Centrality %
resolution

The resulting values for event plane resolution for simulated events from hybrid
models: vHLLE+UrQMD and AMPT are close to STAR experimental data.




VHLLE+UrQMD: Elliptic flow at top RHIC energy : +/syy 200 = GeV
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UrQMD + 3D viscous hydro model vHLLE + UrQMD
Q ¥ Q KE,/n,, (GeV/c?)

lurii Karpenko, Comput. Phys. Commun. 185 (2014), 3016 ( https://qithub.com/yukarpenko/vhlle )
Parameters: from lu. A. Karpenko, P. Huovinen, H. Petersen, M. Bleicher, Phys. Rev. C91 (2015) no.6, 064901
— good description of STAR BES results for v, of inclusive charged hadrons (7.7 — 62.4 GeV)

Initial conditions: model UrQMD
QGP phase: 3D viscous hydro (VHLLE) EOS (XPT)
Hadronic phase: model UrQMD

Reasonable agreement between results of VHLLE+UrQMD model and published PHENIX data for 200 GeV
including KET/nq scaling



https://github.com/yukarpenko/vhlle

VHLLE+UrQMD: v, of identified hadrons at RHIC BES (/syy = 27 GeV)

STAR data: Phys. Rev. C 93 (2016) 14907
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» Reasonable agreement between vHLLE+UrQMD and
data for charged pions and kaons

» Difference between results from vHLLE+UrQMD
model and data for protons and antiprotons.

Model predicts that v, (protons) < v, (antiprotons),
data show v, (protons) > v, (antiprotons)
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AMPT: v, of identified hadrons at RHIC BES (1/syy = 27 GeV)

STAR data: Phys. Rev. C 93 (2016) 14907
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A Multi-Phase Transport model (AMPT) for high-energy nuclear collisions.
The main source codes: Zi-Wei Lin
(http://myweb.ecu.edu/linz/ampt/v1.26t9b/v2.26t9b)

Z.W. Lin, C. M. Ko, B.A. Li, B. Zhang and S. Pal: Physical Review C 72,
064901 (2005).

o LN B B B B o

S oas LT Ao ]
Initial conditions: model HIJING PP AMPT SM, ., =3 mb 1
QGP phase: Zhang’s parton Qo [ aniprotons a
cascade for modeling i 0 ]
partonic scatterings 0.15 - i e -
Hadronic phase: model ART - e ® {'E
0.11 g ® E

B o ]

005 - e =

T o ow ]

0 7\ .I | 1 1 ‘ L L L L | 1 L L1 | L1 | L ‘ L1 1 L ‘7

0 0.5 1 1.5 2 25 3

P GeV/c

Difference between results from AMPT model SM and
data for all particles — tunning of parameters?

Model also predicts that v, (protons) < v, (antiprotons),
data show v, (protons) > v, (antiprotons)




Quality of KE;/ n, scaling : BES data and model data
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NCQ scaling tests were performed for experimental and model data. NCQ scaling holds
better in model data.




Summary

. We performed a high statistics simulations with hybrid models (vHLLE+UrQMD and
AMPT) for several points in collision energy from RHIC BES program.

. The events were analysed in a similar way as the real experimental data and results were
compared with STAR published results of v2 for charged pions, kaons and (anti)protons.

. The results from vVHLLE+UrQMD model are in a better agreement with experimental data
than for AMPT ( tunning of the input parameters?)

Both models in the present configuration fails to reproduce the difference between elliptic
flow signal of particles and antiparticles: models predict

that v, (protons) < v, (antiprotons), data show v, (protons) > v, (antiprotons)

. Both models show good NCQ scaling test. NCQ scaling holds better in model data rather
than the experimental one.

Thank you for your attention!
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Quality of KE;/ ny scaling : BES data

Star Data, Phys.Rev.C 93 (2016) 1, 014907
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