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Introduction



What have we learned so far?

Goal of the RHIC Heavy Ion Program:
- search the QGP and measure its properties
- scan the QCD phase diagram
We learned about..
.. strongly interacting, hot, dense matter with partonic collectivity




Beam Energy Scan at RHIC

Early Universe The Phases of QCD
LHC Experiments

RHIC was built to find QGP.
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QGP is new and complicated phase of matter

QGP exhibits unique and unexpected
properties

Big progress in understanding its nature:
@ - high collision energy — cross over transition
=8 - low collision energy — 1% order transition

Superconductor and the Critical Point

Nuclear /
_-Vacuum Matter Neutron Stars

I Vs ~ 7.7 - 200 GeV

900 MeV
Baryon Chemical Potential

Critical Point

Hadron Gas

20 MeV<[,<420 MeV



BES goals

1. Search for turn-off of sQGP signatures
2. Search for the QCD critical point
3. Search for the signals of phase transition/phase boundary

STAR: . arXiv:1007.2613

Year \/SNN (GeV) 1, (MeV)  Events (109 Where are We on the
QCD Phase Diagram ?

2010 200 20 350

2010  62.4 70 67 E j?!’é’é’;iﬁifﬁl The Phases of QCD

2010 39 115 130 §

2011 27 155 70

2011  19.6 205 36

2014  14.5 260 20

2010 11.5 315 12

2010 7.7 420 4

Nuclear

Matter Neutron Stars
— I. 1 1
900 MeV

Baryon Chemical Potential



http://drupal.star.bnl.gov/STAR/starnotes/public/sn0493

Relativistic Heavy Ion Collider (RHIC)
Brookhaven National Laboratory (BNL), Upton, NY
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Identified Particle Acceptance at STAR

Au+Au at w/sNN = 7.7 GeV

Au+Au at w/sNN =39 GeV
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At collider geometry we got similar acceptance for all particles and energies
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Particle Identification at STAR

TOF TPC

K-8% 170

K +8% 170] '

TOF

= ) R AR A T BN AN AN AN 1
10 1 b (GeVvic) 0% 0.5 1 15 2 25 3 35
p(GeVic)

Charged hadrons

—e-8%I170 |

Tl— e +8% 170

—p-8%170
—p +8% 170
-8% 170
7 +8% 70

Neutral particles Jets & Correlations High pT muons Heavy-flavor hadrons

Wide acceptance and excellent particle identification
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(d®N)/(2np_dydp.) (GeV/c)?

10%F
10F

107F

1073k

Spectra: T, K, p

Au+Au 7.7 GeV

STAI\R Prelimir:ary

Au+Au 11.5 GeV

T I T
Au+Au 38 GeV

T 1
80-5%
25-10%
810-20% T
[120-30%

Slopes: T> K >p

T, K, p yields within
measured p, ranges
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Spectra : strange hadrons
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Temperature T, (MeV)

200

150

100 |

50

Chemical freeze-out

Au+Au Collisions at RHIC

* 4 deed
SRR XIE
STAR Preliminary

@ Data: 5% Au+Au collisions

A, Adronic, et al.
J. Cleymans, et al.

O LGT: Z. Fodor, et al.
A LGT: S. Gupta, et al.

[T = 170 MaV)

USRS 39 | LV YLSY

TIELNY  LOZURI R O R IO RO, a0

10 100

1000

Baryonic Chemical Potential ug (MeV)

Chemical Freeze-out:
— only central collisions.

2001 ————— 1
I ¥ Au+Au 27 GeV |
" Au+Au 19.6 GeV 7
- @ Aut+Au 11.5 GeV .
R B Au+ALT.T GeV 4
150 -
= | .
Q
E L -
i L -t
S100[ —
|_ L -
i Pb+Pb 2.76 TeV 7
- O AutAu 200 GeV .
- O AutAu 62.4 GeV o -
50F ¥ AE,LAE 19 Gey STAR Preliminary _
I 1 I 1 1 1 I 1 1 1 I 1 |
0 0.2 0.4 0.6

Collective velocity <3> (c)

- Kinetic Freeze-out:
— lower value of T and larger

collectivity 3

— stronger collectivity at higher energy

12



1. Turn-oft
signatures of QGP

Dissapearance of signals of partonic degrees of freedom seen at ‘/SNN = 200 GeV

- constituent quark number scaling
- hadron suppression in central collisions
- dynamical charge fluctuations

13



Anisotropic flow

‘g@; Initial spatial anisotropy determined by impact

O ol parameter and initial fluctuations

1

In early collision stages, spatial anisotropy
converted by gradient pressure and scatterred to
momentum anisotropy.

* Fourier decomposition of the momentum space
particle distributions in the x-y plane

dN

— v, is the n-th harmonic Fourier coefficient of the
he + 2 z Vn COS [ n(¢ - w n ) distribution of particles with respect to the
d ¢ n=1 reaction plane

_ * v,: “directed flow”
Vn — <COS” ( ¢ _ w/] ) >, n = 1; 2, 3--; + v,: “elliptic flow”

* v,: “triangular flow”

14



Partonic degrees of freedom in Au+Au atVs = 200 GeV

[ T 1T 7177 I T 7 T 'I T I
0.1+ @ n(PHENIX) == p (PHENIX)

® K (PHENIX) © A (STAR) ] : _ .
KS STAR) D= (oTAR) | F.low (;leveloped in pre hadronic stage
It is a signal of deconfinement at RHIC

=" 0.05 ’?@%5. **Te Scaling of v, with n (baryons=3,
_ o i mesons=2) resolves meson-baryon
ﬁﬁ? - separation of final state hadrons
f

[ T VS, = 200 GeV ¥ Au+'""Au Collisions at RHIC

0 0.5 1 1.5 2 T

{m"l“ mD)"“q [GEV) a) Light quarks 1 (b) Strange quarks N
QM 2012:
£U A & +
-~ Ai-#- ______ * + .............
o~ 15 0?600%0. ........ AO—
Possible disappearance 4 ® o ‘II) _____
. . . 10 A GQ*
of n, scaling at lower collision - ® 44 °
energies = disaperance of | A p ___,_,_.?L ' A Q

. | L
partonic degrees of freedom T 5 8 4 50 1 > 3 4

Transverse Momentum p; (GeV/c)



v, of identified (anti)particles vs energy
Phys. Rev. C 88 (2013) 14902

7.7 GeV op *x* + 11.5 GeV
Au+Au, 0-80% aA oK'
n-sub EP AT #K?

@g‘f mQ vo

0.2 19.6 GeV

=+4* | Baryons and mesons bands
splitting decrease with
decreasing of Vs,

0.1

62.4 GeV o & A

.....................

3 40 -i 21 31 410““% ................

m.-m, (GeV/c®)
0.2F 7.7 Gev Op *x T 11.5GeV
Au+Au, 0-80% AA*DK- [
n-sub EP AT #K; |
m v r
0.1 - v 1

Baryon and meson band
splitting for antiparticles
disappear at Vs, <11.5 GeV

0 1 2 3 40 1 2 3
my-m, (GeV/c®)

40 1 2 3 &
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v_/n, scaling with energy - particles
Phys Rey C 88 (2013) 14902

0. 1L 7.7 GeV 19.6 GeV "
Au+Au, 0-80% |
: n-sub EP o * ]
0.05} e ]
62.4 GeV .

Q‘k
Ny 1

Partlcles

0. 5 1 1 5 2 0 O 1 15 2
(m_-mg)/n, (GeV/c?)

n, scaling holds within ~10%, except

¢ meson becomes outlier at lowest two energies (large error bars)

17
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—77GeV Au+Au, 080/——11 .5 GeV —:— 1QGGeV 3
L op n-sub EP r r Q
o + o ® I X
% pp o°$00+ og®
O&cm ¢ B OO. :;— (ﬁ E
S Tt t & )

P, (GeV/ic)
Proton — antiproton difference increases with
decreasing energy

Difference between particle and antiparticle —
— break down of N scaling between particles

and antiparticles at lower energies

0.06

v, for protons and anUprotons
Phys. Rev. Lett 110 (2013) 142301

- larger for baryons than for mesons

| Au+Au, 0-80% *E-E |
. n-sub EP Opp. |
5 3 OA-A |
{0.04- | s
o0 8.y :
Ll a TR g
1 = [ * | , | ]
190 20 40 60
\/S GeV
Av, v )

- nonlinear increase with decrease of Vs,

18



R, for charged particles

d°Ndp,dn/{N . Scentral

—>J.Adams et al., (STAR coll.,
PRL 91, 172302 (2003)

RCP — 2 .
d’ Ndp,dn/{N,. )| peripheral
B STAR Preliminary
B Stat. errors only ¢ 7.7GeV
=  11.5GeV
10 |— Not feed-down corrected
= e 19.6GeV
- v 27GeV
s L ot ™ ¥ 39GeV
[ =] —
q N a‘ “B -
8 - 62.4GeV
;ﬁ B o  STAR(2003) 200GeV ~—
=
. 1 e
Npmi_j;_’ + [
STAR Preliminary T
10-1IIII!IIIIlIIIIIIlIIlIIIIlIIII|IIII|EIII|IIII|!III
0 1 2 3 4 5 6 g 8 9 10
p,(GeV/c) ——. mm e m = .

R ,>1 for Vs, =27 GeV and below -

high p, suppression seen at Vs, =200 GeV is not present
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Rep (0-5%/60-80%)

R_, for charged particles

OM 2012:

STAR Preliminary
B Stat. errors only ¢ T7.7GeV
=  11.5GeV
10— Not feed-down corrected
C e 19.6GeV
= % v 27GeV
- ol ¥  39GeV
L o
B 62.4GeV
B STAR(2003) 200GeV
1 o t ------------------------- -
- T
I e 4
Npaﬂ?‘ l
L oo —erg x_ﬁ‘ ]
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10'1Iltll\III|I\III\1I1|I\II‘II\I|IIII|E\IIIII\I||II\
0

1 2 3 4 5 6 7 8 9 10

pT(GeWc) -- -

10

HIJING R_,

—

- = s o 7.7GeV
B + o 11.5GeV
B (@F o 19.6GeV
= ot | © 27GeV
- ; qq‘j“ T i 39GeV
L Yy
- {ﬂl : I O 62.4GeV
. g . i ° 200GeV
e —f—
:,“ LﬂhJE'):_&_O:....-.féﬁ ......... % .........
= Central (0-5)% H IJ I N G
i Peripheral (60-80)% no jet quench
ot by by b Lo Ly by o b iy

0 1 2 3 4 5 6 7 8 9

10
pT(GeVIc)

HIJING without jet quenching, including Cronin effect
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Dynamical charge correlations (“local parity violation)

(1) Under strong magnetic field, when the
system is in the state of deconfinement, local
fluctuation may lead to local parity violation.

(2) Experimentally one would observe the
separation of the charges in high-energy

107 .
o~ BT nuclear collisions.
“a 04L L -+ STAR AuAu 200 GeV| _|
e - ¥ HIJING
= 4 HIJING +v,
qan ) » URQMD N
= Tk 23 = MEVSIM
+ - R . . .
R 11 (3) Observed signature at top RHIC energies has
8 excellent statistical significance for AuAu,
o .| :
~ 0.2} UU and CuCu at top RHIC energies
0.4}
i — same charge
— opp charge
0.6 Lo oo | (4) If interpretation is correct, disappearance of
% Most central signal Would be new signature for turn-off of
deconfinement

21



62.4 GeV

O opposite charge
# same charge

B K T m
27 GeV %’ 19.6 GeV
E UrQMD A % -
8 opp charge kL MEVSIM
e I same charge |5 ..'0 |
: Yy
R e R
7.7 GeV T

I o b
60 40 20

| |
0 80

60

| 1 |
40 20 0

Collision centrality (% Most Central)

Dynamical charge
correlation signal vs.
Vsn

Splitting between same
and opposite-sign
charges decreases with
decreasing Vs, and

disappears below Vs, =
11.5 GeV

Phys. Rev. Lett. 113 (2014) 52302
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Turning-off sQGP signals:
* Baryons and mesons bands for antiparticles collapses at
Vs = 11.5 GeV

» v /N, scaling between particles and antiparticles breaks down

e high p, suppression disappeared

* disappearance of charge separation
* LPV disappears at low energies

Hadronic interactions are dominant at lower beam energies

23



2. Critical Point

Indications of the existence of Critical Point
- ﬂuc:tuation measures

24



Why we do measure fluctuations and correlations ?

System at the QCD critical point region is expected to
show sharp increase in the correlation length

— large non-statistical fluctuations should be observed

— search for increase ( or discontinuities) in fluctuations
and correlations as function of Vs,

— fluctuations should be maximized at Critical Point

Observables:

— Conserved numbers (B,Q,S) fluctuations
- higher moments of net-protons and net-charge

25



Net-proton ko?
o o
o o =k

=
B

10

]

Net-charge xo*
=

Higher moments

BESII srror

________________________________________

o O § (a) 5STAR net-proton data

O 70-80% @ 0-5%
(Iyl=0.5; 0.4=p<0.8{GeV/c))

I
L

UrCMD {0 - 5%)

----- Poissan

Au + Au Collisions at RHIC

Hﬁ 0

{b) STAR net-charge data
® 0 70-80% @ 0-5%
(Inl=0.5; U‘.Eqple.mGE"n"-'D}:l

1
d ]

L
L

MBD {0 - 5%:)
----- Poisson

5 10 20 50 100 200

Colliding Energy Vs, (GeV)

o = (N = (N))*)

k= (N~ (N))")/o" =3
- Higher moments of conserved quantities
measure non-Gaussian nature of fluctuations;
- They are more sensitive (than variance) to CP
fluctuations (to correlation length)
- Non-monotonic behavior_of high moments
distributions vs Vv S 1S expected to probe CP

Net-proton:
- Similar behavior at \/sNN =39, 62 and 200 GeV

- UrQMD shows monotonic behavior vs V S\

- All data show deviations below Poisson for k02

at all energies.
STAR: PRL112, 32302(14)/arXiv: 1309.5681

Net-charge results:
- No non-monotonic behavior
- More affected by the resonance decays

STAR: arXiv: 1402.1558
P. Garg et al, PLB726, 691(13)

- Below Vs __ = 19.6 GeV data points have large
NN

uncertainties 20



Critical Point signals:
* Deviations of moment products in central Au+Au collisions
from Poisson expectations observed
* Big uncertainties prevent us from drawing conclusions

27



3. Phase transition

Dissapearance of phase transition

- azimuthally sensitive femtoscopy
- direct flow

28



Directed flow (v,) of identified particles

0.02
- v, probes early stage of collision 0
- is a probe of early pressure .0.02
- a change of sign in the slope of dv, /dy 0.02
for protons is proposed to be a sensitive
probe to the first-order phase transition ...
-0.02
0.02
> 0
-0.02
0.02
0
-0.02F
0.02
STAR: PRL112, 162301(2014)/aiXiv:1401.3043 0
Proton v, slope at midrapidity changes sign -0.02

(\/sNN = 7.7 and 11.5 GeV) — 1t order PT signature?

¢ E' ' N il
¢ . P : T
R
~ % 0-10% ¢ T 39GeV ¢
- ’; o Le. i

LN %
—-----*-%!*’?ttgt ----- -+ **’Nt‘tt
—01040% o T i;'z?tiaev S
L i - ® . -
—----nhﬁa ----- *ih*‘?*tﬁ*
0 2080% o T .136 Gev %4 -

¢ ' :
T x Tgely '
! ":'%*‘;**’:' _____ 1 *_!.‘.**t o
- BN 115GV ¢, -
XN 8 S SO0 B
¢ Et‘ ® ‘
IR ;i‘#mm. - ***; ,t
- ¥ : ’0, T 77Gev: ¥, o-
1050 05 1-1-0560 05 1

Vv S = 39 GeV v, follows trend observed at higher RHIC energies
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-0.05

v, of identified particles

[

lII]IIl I I I1IIII|

10-40% Centrality

V E895 proton @ proton

[J NA49 proton
T
ot

PRL112, 162301(2014)/aiXiv:1401.3043

O antiproton _|

STAR data are consistent with the trend
from AGS and NA49 data points for protons.

All other particle type except protons
(baryons) have a negative slope.

Proton slope changes from positive to negative
in the BES range (7 to 11) GeV.
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-0.02

-0.04

20.01
>
K
> 0
S

0.01

v, of identified particles

10-40% Centrality

T
-e
/'—ﬂ--—-

\ /'/ Data

._v UrQMD | -
2

10 g, (Gev) 10

1) Antiproton slope is always negative
2) Proton slope changes sign
3) Net-proton slope changes sign twice

4) BESII improvement:
1) - improved reaction plane
determination
- systematic centrality
dependence analysis

STAR: PRL112, 162301(2014)/aiXiv:1401.3043

P 0O6F T T T T 1T 1 1%
§ O Hydrodynamic Model
% 04l © More recent calculations:
M dip plus double sign-change
i due to P.T.
=02 2 .
Z Q
= o T
® : O imimiminin: o
L ket B o
= . O
> © H. Stoecker, NPA 750, 121 (2005). -
| | | | | L | | | J | 1 | |
2 4 6 8 10 12 14
b Center of Mass Energy Vs, (GeV)J
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0 fm/c

Target - = Projectile -~ = -

50 = 20

Without 1%
Order P.T.

Reference: Kolb and Heinz, 2003, nucl-th/0305084

Azimuthally sensitive femtoscopy

Freeze-out shape of participant zone in non-central
collisions is sensitive to EOS:

* Initial out-of-plane eccentricity

* Stronger in-plane pressure gradients drive in-plane
expansion (— more spherical freeze-out shape)

* Measure eccentricity at freeze-out as function of energy:
R-R
R+ER
* Expectation: excitation function for freeze-out eccentricity to
fall monotonically with increasing energy

Er

Non-monotonic behavior could indicate a change in EOS -

1%t order phase transition
M.Lisa et al., New J.Phys. 13 (2011) 065006
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Azimuthal HBT for freeze-out eccentricity

| Excitation function for freeze-out eccentricity, ¢ ‘

Speculations/explanations:

s K, = 0.15-0.6 GeVic B E895- PLB 496, 2004 (7.4-29.7%) .
0.4— *Model centralities ﬁ g?::?é;fﬁf&,i%"ﬁé;ﬁ"5%’ SOftenlng Of EOS due tO

B correspond to data STAR (-1<y<-0.5, 10-30%) . .

- ¥ STAR (05cy<t, 1030% entrance into mixed phase
0.3— «iaiii+ o Hybrid[BM]+UrQMD

- l -~ T e aroue above some energy,

L ""‘--...___- —|] = 2D hydro EoS-H

- L T[S mhm e observed as plateau or
0.2 __ S, . H"""'--..___H .. . . .

N I % e Tm——e minimum in excitation
0.1— TRy T T~ _ function

- P T

N LT fIf M.Lisa et al., New J.Phys. 13 (2011) 065006

0 i
B .;-';. STAR preliminary
| a{ | | | | 1 | | 1 1 11 | | | | 1 1 | |

1 10 102 10°

Measured freeze-out eccentricity parameters show a smooth

decrease from low to high collision energies
It is consistent with monotonically decreasing shape
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15t order Phase Transition:
e Net-protons v, changes sign twice and shows a minimum

around \/sNN =11.5-19.6 GeV

* If the 1%t order phase transition takes place at all - that would
be probably at lower end of the energy spectrum

34



Conclusions from BES-I

STAR excellent performance down to Vs, =7.7 GeV

BES-I data sets (Vs =62.4, 39, 27, 19.6, 14.5, 11.5 and 7.7 GeV) cover
important region of QCD phase diagram

Several important sQGP signatures not seen at low energies:
v,(m, — m,) exhibits baryons and mesons bands splitting

v, for particles & antiparticles diverges strongly at low Vs,

high p, suppression R, disappears at low Vs, under investigation
charge separation signal disappears at low Vs,,, interpretation unclear
dv,/dy of net-protons (directed flow) changes sign with Vs,

fluctuations are constant or monotonic with energy from 7.7 to 200 GeV
higher moments of net-protons and net-charges deviates from Poisson baseline
freeze-out eccentricity (asHBT) monotonically decreases with energy

35



RHIC’s energy range is special one

Did we answer our questions ?
1. turn-off of QGP signatures ? strong hints
2. Evidence of the first order phase transition ? strong hints
3. Search for the critical point ? hints  MORE statistics !!!

36



Vs

NN

19.6
14.5
11.5
9.1
1.7

(GeV)

BES-II Phase

b, (MeV)

205
260
315
370
420

... planned for 2018-2019
Events (10°)

400
300
230
160
100
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Temperature T/T,

Exploring QCD Phase Diagram

RHIC
sQGP

properties
Vs, =200GeV

LHC SPS AGS SIS
1.5 l
RHIC e quark-gluon plasma
(T = 175 MeV)
1 RHIC BES-II
QCD phase
structure and
: Critical Point
05 ; Vs, <20 GeV
. l 5 . For region p_ > 500 MeV,
-« | 1> Hhdronic phase

0

2

Baryon Chemical Potential ug/T .

6

Vs, <5 GeV, fixed-target

experiments are much more
efficient
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Fixed-target
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; extended range in STAR due to fixed target program

Collider mode Fixed-target mode Fixed-target mode
Vsyy (GeV) Vsyy (GeV) g (MeV)
19.6 4.5 585
15 4.0 625
3.5 670
3.0 720
2.5 175
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Fixed target at STAR

— STAR will have coverage from mid-rapidity to target rapidity (sufficient for some
BES studies)

— Main detectors tested

— If successful — this may open a way for fixed target runs with other beams used in
BES program in collider mode experiments (V s,,= 3.5 and 3 GeV, |, up to 800

MeV)

— Availabe would be the region: 20 < <~ 800 MeV !
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Thank you!



STAR: Near Future Plans

- HF_T: Charm - QCD phase structure
- Di-lepton - Critical Point
SQGP properties

2020 2021 2022 2023 2024 2025 2026

HF-1, (e,H) ‘
‘ BESII ‘
HFT/IMTD ‘ HF-Il, ptA ‘
e-Cooling, iTPC P1 ‘ eSTAR ‘
HFT’, Tracking, EM/HCAL (West side)
EMCAL (East side)

; upgrade

‘ physics ‘ i eSTAR LOI: drupal.star.bnl.gov/STAR/starnotes/public/sn0592

BES-II whitepaper: drupal.star.bnl.gov/STAR/starnotes/public/sn0598
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Temperature T/T_

bt
n

o
n

-

T () |

hadronic phase

2 4 6 8
Baryon Chemical Potential ug/T

STAR Physics Focus

Polarized p+p Program
- Study proton intrinsic
properties

Small-x Physics Program
- Study low-x properties, initial
condition, search for CGC
- Study elastic and inelastic Since 2010
processes in pp2pp

1) At 200 GeV at RHIC
- Study medium properties, EoS
- pQCD in hot and dense medium

2) RHIC Beam Energy Scan (BES)
- Search for the QCD critical point
- Chiral symmetry restoration
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Model comparison for v,

0-80% Au + Au Collisions at RHIC

200 38 27 196 11.5 7.7 1GeV) 200 38 27 196 11.5 .7 1GeV)
0.04 (a) (b}
o Exp.data Hybrid model Exp.data MNJL model
E 0.03 ® p nimin P ® p  cron
.E} A A v K AN —
.‘_l
gé O K a 0O K R,=1.1
— 002 e e —
:f“ Y o Tnn ¥ I
; o A, =0.8
r— L]
£ 001 s ) L Ll 2 —
< \
s at i nt Eny
> o[ 9P RLwnSii L 9PER 0 B =
v - Y- ¥-

0 100 200 300 400 0O 100 200 300 400
Baryonic Chemical Potential ug (MeV)

(a) Hydro + Transport: consistent with baryon data.
[J. Steinheimer, V. Koch, and M. Bleicher PRC86, 44902(13).]

(b) NJL model: Hadron splitting consistent. Sensitive to vector-coupling,
CME, net-baryon density dependent. [J. Xu, et al., arXiv:1308.1753/PRL112.012301]

45



Charge Separation and Event Plane

) BB SRR LN BN UL B
~+STAR AuAu 200 GeV|
¥ HIJING

A HUJING +v,
* URQMD

® MEVSIM

3 g::‘ tA\-‘_ __________
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S I ]
~ 0.2 _—+ ]
0.4} s
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Mﬁ” — opp charge 4
-0.6 Eg" 11 1 I 11 1 I 111 1 I 111 1 I 111 1 I_I
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% Most central

<COS((,+,-2Ppc)> (x107)

Phys. Rev. Lett. 113, 052302 (2014)
30 - 60%

=1
=1.5
=2
Il error projection |
10 10? 10°
\'syn (GeV)

0.15 “J) (1) Kgeh™ - Kgeh®
o A 200GeV O 33GeV
0.05 J[\

0.0 |--
fi'e]
-0.05

0.3 - -
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0.2 O A 200GeV O 39GeV
C

0
0.0 [-------1 A - 40 - 10 - 20- L0
0.1
0.2 STAR Preliminary
-0_3 =

80 &80 40 20 0

Collision Centrality

LPV disappears with neutral hadrons:

LPV disappears at low energy:
hadronic interactions dominant at
\/sNN <11.5 GeV

STAR: PRL. 103, 251601(09)
PLB633, 260 (06)
NPAS03, 227(08)
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