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Beam energy: 7.7, 11.5, 14.5, 19.6, 27 & 39 GeV
Particle species: p, anti-p, 1, A\, anti-A, K KSO and ¢



Directed flow in heavy-ion collisions
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- Early time phenomenon
- Sensitive to the pressure
- Sensitive to EoS

Nuclear passage time: 2R/y
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* Antiflow for Ks?-mesons
* no dip observed at AGS around
VSNN ~ 3.5 GeV
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https://drupal.star.bnl.gov/STAR/starnotes/public/sn0598

Large softening signature

Smaller softening signature —— -

at RHIC
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BES program: To explore QCD phase
diagram by varying beam energy

+ Map turn-off of QGP signatures

+ Search for Critical Point

+ Search for First-Order Phase Transition

First-Order Phase Transition

Could have other explanations

(e.g., crossover)
)


https://drupal.star.bnl.gov/STAR/starnotes/public/sn0598

Directed flow from BES-| at RHIC

PRL 112, 162301 (2014) (STAR Coll)

O10-20% Centraity o
-0.02 || ; J_Jr ? STAR -
-0.04— ‘m i a) antiproton-

Minimum in net-proton dv1/dy with
double sign change

Frankfurt hybrid: J. Steinheimer et al., PRC 89, 054913 (2014)
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UrQMD: S. Bass et al, Prog. Part. Nucl. Phys 41, 255, (1998)

Ll

005 =

I la) proton

* STAR
¥ EERENALD
— FHSD

-~ HSD
UrQMD

=002 |-

=0.04

=006 -

—_—

L

{En [GeV]

1w

1.0

A Hybrid Hydro-IE Hydro-IC 1
0.8} p —#— —e— A A
06 o
l 0.4 —. "\ ,
o | Lo s A
. 02 g P &—-t:-;--_...‘
L Y ——e—— e
00p T S A @ A o
0.2+ Data:
- ¢ STAR
04+ A A NA49
I @® E895
-0.6 .

s 8 12 16 20
Center of Mass Energy \/§NN [GeV]

UrQMD, HSD, PHSD,
Frankfurt-hybrid

Can'’t explain the data

Softening of EoS (?)



Directed flow from BES-| at RHIC

PRL 112, 162301 (2014) (STAR Coll)
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Softening of EoS (?)

Softening effect modeled
by attractive orbit
scatterings

Authors argued for
collapse of vi around
9<+/snn <20 GeV



v+ for strange hadrons

quark content

A uds f Complimentary to p data

I Probe kaon-nucleon potential
KSO (dS -Sd)/\/Z

® SS | Mass close to p, but it is a

Vvector meson

Minimally aftected by late-stage
hadronic interactions

We can address

* Role of produced quarks in HIC
e Jest hypothesis about transport of initial-state quarks




STAR Detector

Particle Identification:
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- Uniform acceptance 0203 06 1 T W
- Full azimuthal coverage momentum (GeVi/c)
* Inl <1

Excellent PID capability



BBC event plane reconstruction

First order event plane is estimated using the hits in BBC

BBC event plane is based on the 15t harmonic, since the v1 signal is
significant in the forward rapidity

Large n gap with TPC reduces non-flow effects
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Sign

al reconstruction

Vsnn =11.5 GeV, 10-40%, lyl< 1.0
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Decay channels (BR):

K = TTT(69%)
N> pmT (64%)
¢ > KK (48%)

Signal from invariant mass
Background from mixed event
VO topological cuts for A,Kg®

v1 extracted from invariant mass
method

N. Borghini et al, PRC 70, 064905 (2004)
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Rapidity dependence of v+

STAR Preliminary

Au+Au Collision: 10-40%
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the slope of vi extracted by linear fitting (|y| < 0.8)

Ref: QM 2015: .P Shanmuganathan (for STAR Collaboration), arXiv:1512.09009
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Energy dependence of dv+/dy

STAR Preliminary
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* (dvi/dy)p ~ (dvi/dy)a

1 * (dvi/dy)p n ~ negative

* (dvi/dy)p ~ (dvi/dy)a
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Energy dependence of dv+/dy
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e (dvi/dy)k* ~ negative

| o (dvi/dy)kelies in

between K+



Energy dependence of dv+/dy
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Energy dependence of dv+/dy

UrQMD: S. Bass et al, Prog. Part. Nucl. Phys 41, 255, (1998)
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o (dvi/dy)uramp-Ao:

deviate from data
below19.60 GeV

* (dvi/dy)uramDA, o

qualitatively similar
trend to data for
higher energies



Energy dependence of dv+/dy

STAR Preliminary

HSD: W. Cassing et al, arXiv: 1408.4313
UrQMD: S. Bass et al, Prog. Part. Nucl. Phys 41, 255, (1998)
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Energy dependence of net-particle v
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To disentangle contributions from
produced quarks & transported
quarks

Fo = 1 Fantip + (1-rq) Fret-p

Fkt =12 Fxko + (1-r2) Fretk

F=dv4/dy, ri(y)=anti-p/p
ra(y)=K/K+

* (dvi/dy)net-k ~ (dVv1/dY)netp at and above 14.5 GeV
but they deviate at lower energies
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summary

> dv1/dy(p) ~ dvi/dy(A) and both show

sign-change Vsnn < 14.5 GeV

> dvi/dy(anti-A,anti-p) ~ dv1/dy ()

for Vsnn > 11.5 GeV

> dvi/dy(net-p) ~ dvi/dy(net-K) for
Vsnn > 14.5 GeV: quark transport

while dv+/dy(net-K) stays negative for

Vsnn < 14.5 GeV
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Present models do not describe the data.
More theoretical progress needed for an interpretation.
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