Probe the partonic/hadronic matter with
elliptic flow in STAR Beam Energy Scan

Xiaoping Zhang (Tsinghua University)
For the STAR Collaboration

28th Winter Workshop on Nuclear Dynamics
Dorado del Mar, Puerto Rico



Outline

e Introduction and motivation
 STAR detector and data analysis
* Elliptic flow (v,) results and discussions

e Summary and outlook



Introduction to elliptic flow
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» Elliptic flow: initial spatial anisotropy — final momentum anisotropy

v" Characterized by v, coefficient of Fourier expansion of azimuthal
particle distribution with respect to the reaction plane

» Probe to the early collision dynamics
v" Conversion efficiency depends on degrees of thermalization,

equation of state, degrees of freedom (partonic/hadronic), ...
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Partonic collectivity at RHIC top energy
Minimum bias, Au + Au at ﬁ =200 GeV
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» Number-of-quark (NCQ) scaling approximately works at
intermediate p (2—35 GeV/c)

» Similar v, of multi-strange particles (¢, £2) as light hadrons,
collectivity is developed at partonic stage

» Partonic degree of freedom — Deconfinement!
STAR, Phys. Rev. Lett. 99, 112301 (2007); Nucl. Phys. A 830, 187c (2009)



“Turn off” QGP signal at lower energy?

£ Future LHC Experiments
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Phys. Rev. C 79, 067901 (2009); J. Phys. G 36,
064022 (2009); J. Phys. G 37, 094029 (2010)
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v AutAu 200 GeV, NCQ scaling,

large ¢(€2) v,, partonic degree of

freedom dominates

v Lower energy, hadronic dominates,
NCQ scaling may break, small ¢(€2)
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v" Probe the partonic/hadronic matter

with elliptic flow
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Beam Energy Scan at STAR
> Collisions: Au+Au

» Collisions centrality
from uncorrected

dN,/dn in n| <0.5
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Particle identification and v, analysis
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 Time projection chamber (TPC)
full azimuth, n| <1
dE/dx v.s. momentum

* Barrel Time-Of-Flight (TOF)
full azimuth, n| <1
Particle flight time
Clean separation of K, m up to pr=1.6

GeV/ce
202
* v, =< cos ‘2 lIJZ—)>
R: event plane resolution

* TPC n-sub event plane for PID v,
analysis, non-flow effects reduced

n-sub event plane method: STAR, Phys. Rev. C 77, 054901 (2008)
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Particle reconstruction
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e dE/dXx+TOF: w, K, p and ¢ — K"+ K™ (invariant mass)

e S/B of ¢ meson significantly improved with additional TOF PID

e Weak decay particles (K2, A, E, Q), secondary vertex + invariant
mass 8



v, of charged hadrons @ 7.7, 11.5, 39 GeV
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- STAR Preliminary {  cumulant method
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e Overall, good
pT (GeVic) agreement

e 7.7, 11.5 GeV: less difference between v,{2} and v, {4}

— non-flow, fluctuations
STAR, CPOD 2011




v, of charged hadrons @ 7.7 — 2760 GeV

W\, =624 GeV
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ALICE, Phys. Rev. Lett. 105 (2010) 252302
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Particle and anti-particle v, (tr and K)

Au+Au (0- 80"/) n- sub EP
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V(1) ~ v,(t) @ 39 GeV
v,(m) > v,(7") @ 7.7 and 11.5 GeV

: v,(KY) ~ v,(K) @ 11.5 and 39 GeV

V,(K%) > v,(K) @ 7.7 GeV STAR, CPOD 2011
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Particle and anti-particle v, (Proton and A)
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* Proton: v,(proton) > v,(anti-proton)
Difference increases with decreasing energy
e A: similar behavior
STAR, CPOD 2011




Particle and anti-particle v, difference

STAR, CPOD 2011
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e Baryon and anti-baryon v, differences: ~10% at higher energies
increase dramatically @ 7.7 and 11.5 GeV

* NCQ scaling between particles and antiparticles is broken at
lower energies

e Chiral magnetic wave? Baryon transport? Hadronic potential?

Hadronic interactions dominant? 13



Electric quadrupole moment of QGP?

=] Chiral Magnetic Wave (CMW):
charge interplay of chiral magnetic effect
and chiral separation effect
e © CMW induces a static electric
charge quadrupole moment of QGP at
ey, FromD.Kharzeev  finite baryon density

 Elliptic flow of positive hadrons <
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plane

(\IJR)\

vvvvvvvvvvvvvvvvvv L LB N LN N T T T T T T T T TTTTT

TS e e e | R | negative ones v,(m") < v,(m),

“or i 1 calculated difference at Vs = 11
=o.10f } ﬂ GeV ~ up to 30% depending on the

f | | lifetime of the magnetic field

- _— .. STAR Bt S 1¢ Data: difference ~ 10% at 11.5

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Y e GeV
f:;%ﬁ;}%%%%é ________ Ogmcé * Hongwei Ke’s talk, “Charge
~ 0.9} . 7%) asymmetry dependency of /™

12 3 1 _2 3 1 2 3 elliptic flow in Au+Au collisions at

P, (GeV/c)
200 GeV”, Apr. 12, 11:00 AM 14
Y. Burnier et al., Phys. Rev. Lett. 107, 052303 (2011)




Hadronic potential?

AutAu (0-80%)

- e AMPT model including the
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J. Xuetal.,, arXiv:1201.3391
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Baryon transport?

(a) Quark v, (b) Hadron v,
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e Small ¢ meson v,

J.C. Dunlop, M.A. Lisa, & P. Sorensen, Phys. Rev. C 84, 044914 (2011) 16



¢ (sS) meson v,

Au+Au collisions (0-80%)
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e Mass: proton ~ ¢ ~ A
Similar v, at low p; due to mass
ordering in Aut+Au 200 GeV

e At low pp, V,(0)/v,(p) decreases with
decreasing beam energies
— strange quark collectivity
becomes weaker relative to
light quarks

200 GeV: TPC full event plane; 11.5 and 39 GeV, TPC n-sub event plane; statistical error only |~



More about ¢ meson

 K'K" 1s not the main production channel in our interested region
e ¢ meson has small hadronic cross section. o(¢N) ~ 10 mb
* Small ¢ v, at hadronic phase expected %~ 2% o ~350,

+ ¢ meson Rp(0-10%/40-60%) O~ 20 O

aN
o 21 Opx

consistent with unity at 39 GeV, no suppression
* Decreasing partonic effect with decreasing beam energies
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NCQ scaling test — v,/n, v.s. py/n,

Au+Au (0-80%), 11-sub EP
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o 1, K'%, p, A and E approximately follow one common curve
e p-mesons @ 11.5 GeV does not follow the trend of other

hadrons. Mean deviation from pion distribution: 2.6 ¢

STAR, CPOD 2011
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NCQ scaling test — v,/n  v.s. (m;-my)/n,
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o 1, K'%, p, A and E approximately follow one common curve
e p-mesons @ 11.5 GeV does not follow the trend of other

hadrons.

STAR, CPOD 2011
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Summary and outlook

» Charged hadrons: consistent v,(py) from 7.7 GeV to 2.76 TeV
for pr=2 - 4 GeV/c, differences increase at low py

» Relative difference of v, between particles and antiparticles
increase with decreasing beam energies

— NCQ-scaling between particles and anti-particles is
broken at lower energies

Chiral magnetic wave? Baryon transport? Hadronic potential?

> V,(0)/v,(p) decreases with decreasing beam energies at
low pr
— strange quark collectivity becomes weaker relative
to light quarks

» Results at 19.6, 27 and 62.4 GeV are in preparation
21



Backup
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Identified hadrons v, v.s. p;

Au+Au (0-80%)
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e Mass ordering holds at low p, except for ¢p-mesons
e p-mesons v, @ 11.5 GeV is small compared to other

hadrons
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e Meson < Baryon splitting for particles (@ 11.5 and 39 GeV
Splitting 1s smaller @ 7.7 GeV
e ¢-mesons @ 11.5 GeV show a different trend

24




Light nuclei v,
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 Light nuclei can be used to study nucleon coalescence

e Currently only ~10% of total statistics @ 39 GeV in light nuclei
analysis
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Why NCQ scaling may break at hadronic phase?

partonic
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- NN » Small hadronic cross sections,
e freeze-out early
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» Small v, at hadronic stage
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» NCQ scaling may break in
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STAR, Nucl. Phys. A 757 (2005) 102 26



Mass ordering violation for ¢ meson v,?

at kinetic freeze
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+ hadron cascade

> (a) ideal hydro: mass ordering for ¢ meson v,
(c) ideal hydro + hadronic rescatterings: violation of mass
ordering for ¢ meson v, due to small hadronic cross section of ¢

» Comparison of ¢ meson v, to proton v, is useful for
understanding the effect of the hadronic phase

at kinetic freeze-out
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T. Hirano et al.,
Phys. Rev. C77, 044909 (2008)
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