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STAR Physics Program: Study Emergent Properties of QCD

Cold QCD
Polarized p+p/A:

« Study the partonic
spin structure of
protons

e Study proton and
nuclear Parton
Distribution
Functions

Hot QCD:
Top RHIC energy:
sQGP properties (n/s, ¢, D

HQ’
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Beam Energy Scan (BES):
Phase diagram

e onset of QGP

* phase transition
 critical point

0 MeV—~
0 MeV
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Outline (updates since last QM)

Heavy Flavor:
= Heavy Flavor Tracker (HFT)
- First result of D° azimuthal anisotropy and nuclear modification factor

= Muon Telescope Detector (MTD)
— Quarkonia via di-muon channels

Beam Energy Scan | (BES-I) completed with vs,,= 14.5 GeV

Chirality

= Di-electrons

« Chiral Magnetic Effects

« Effects of E-field (Cu+Au)

Jets
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STAR Detector [EEM ];[Magnet | MTD BEMC | TPC | TOF | BBC
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Excellent tracking coverage and PID
capabilities for 2nm and -1<n<1:

Time Projection Chamber (TPC)
Time of Flight (TOF)
Electromagnetic Calorimeter (BEMC)



on Telescope Detector (MTD): Results from 30% of
ected Au+Au data are presented at this conference
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Heavy Flavor Tracker (HFT): Results from 70% of collected
Au+Au data are presented at this conference [G. Contin (254)] |




Particle Identification
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Excellent long-lived hadron and electron identification
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Counts (per 10 MeV/c?)

Particle Ide

Au+AU |S,g, = 200 G
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Excellent long-lived hadron and electron identification
Secondary vertex reconstruction with HFT — Full kinematics reconstruction
Muon/Quarkonia identification using MTD

o
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Topological Reconstruction of DY
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 ~4 orders of magnitude reduction of
combinatorial background
- Highly enhanced S/B

- Total significance ~ 39 (MinBias - p, inclusive)
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Invariant mass, my, (GeV/c?)

my, (GeV/c?)
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m,, (GeV/c?)

8



D% Nuclear Modification Factor (R,,)

« Significant improvement in central 18 ey
0 : i STAR Preliminary  Au4Au 200GeV, 0-10%
Au+Au D° measurement using HFT - 0
1.6 e D" 2014
o D° 2010711
1.4 T

« Enhanced D mesons for p, < 2 GeV/c

— Manifestation of charm coalescence
with a flowing medium p
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D% Nuclear Modification Factor (R,,)

« Significant improvement in central 1 AL AR SRS
: ' STAR Preliminary ~ Au+Au 200GeV, 0-10%
Au+Au D° measurement using HFT 1 e D° 2014

o D°2010/11

. Enhanced D mesons for p. < 2 GeV/c O 1 (0-12%)

— Manifestation of charm coalescence
with a flowing medium 0 -

« D mesons are suppressed at high p.
- R, (h)~R_ (D)

- Charm energy loss is an interplay of
elastic and radiative energy loss |O|+|O uncelrt | | |
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STAR, PRL 113 (2014) 142301
STAR, PLB 655 (2007) 104
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D% Nuclear Modification Factor (R,,)

— Manifestation of charm coalescence
with a flowing medium

« Significant improvement in central 18""""""l"'""""""""I"'j
) . STAR Preliminary ~ Au+Au 200GeV, 0-10% -
Au+Au D° measurement using HFT 0 N
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« D mesons are suppressed at high p.
- R, (h)~R_ (D)

- Charm energy loss is an interplay of
elastic and radiative energy loss
- R, ,@RHIC~R,, @LHC
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STAR, PRL 113 (2014) 142301
ALICE, arXiv: 1509.06888
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D% Azimuthal Anisotropy (v,)

- Finite D° v, observed (p, > 2 GeV/c) at 0. 3 premr——r——————
top RHIC energy - Au+Au 200GeV, 0-80%
025f @ D°EP

Non-flow est.

0.2

0.15

0.1

0.05

STAR Preliminary

1l 0y by
—0.03) 1 > 3 1 5 5

Transverse Momentum P, (GeV/c)

IIIIIIIIIIIIIIIIIII|IIII|III
—E@3—

\lIIIIIIIII|IIII|IIII|IIII|IIII|II

Mustafa Mustafa - QM15 - Kobe, Japan M. Lomnitz, Collective Dynamics (493)

12




D% Azimuthal Anisotropy (v,)

- Finite D° v, observed (p, > 2 GeV/c) at 0.3

L L L L L L ':I

top RHIC energy F Au+Au 200GeV, 0-80% Non-flow est.
025 @ D°EP -

: , L O K ]

« D°v, is lower than those of light hadrons 0.2k -
for p, < 4.0 - - 1 ]
0.15 D) | ™ —

— What can we learn about charm o~ F Gga@mm ORUTNG b e ]
thermalization with the medium? 0.1 @@@ . - % -
S # .

005 e E
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N
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STAR, PRC 77 (2008) 54901

M. Lomnitz, Collective Dynamics (493)
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Comparison to Theory
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Diff. Calculation

« Data favors models with charm diffusion TAMU

2-11

T-Matrix

- charm exhibits collectivity with the medium

arXiv:1506.03981 (2015) & private comm.
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Comparison to Theory
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- charm exhibits collectivity with the medium
SUBATECH 2-4 pPQCD+HTL

arXiv:1506.03981 (2015) & private comm.
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Comparison to Theory
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arXiv:1506.03981 (2015) & private comm.
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Comparison to Theory Il - Charm Diffusion Coefficient

— 40 — 40
Cl'::l : m | attice QCD: Banerjee et al. STAR Prehmmary | ﬂ ]
X " O Lattice QCD: Ding et al. pQCD LQ ______ i %
0O 30 T — -=-._h <30
Qi |
T-Marix F-P ®
L L O
20 - 20
5’
e
10} 110
% 0
.9

T/T,

« Models with charm diffusion coefficient of 2 - ~10 describe STAR R,, and v, data
« Lattice calculations are consistent with values inferred from data
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Quarkonia in p+p highlights

A =
zé 2312: p+p collisions @ 500 GeV
vV "L x STAR: J/y—-u, |y|<0.5, p >0 GeV/c
- x STAR: J/y—e'e, lyl<1, p >4 GeV/c
10/~ PYTHIA8.183 default: p 0 GeVic
4 PYTHIA8.183 default: p T>4 GeV/c
g~ — Percolation model: p T>0 GeV/c
6 STAR preliminary
T di-u via MTD
a4 ol
2 __ Y e
L "_‘___’_1,.‘4_‘_‘IV‘STAR data}lminfs o
ol T L T ey e ety ey g,

0 0.5 1 1.5 2 25 3 35 4 4.5
Event activity

Correlation between relative J/y yields and relative charged particles multiplicity (event activity),
and for higher multiplicities stronger than linear growth at p, > 4 GeV/c observed

PYTHIA 8 and Percolation Model describe the observed increase Percolation: Ferreiro et. al., PRC 86 (2012) 034903
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Quarkonia in p+p highlights

A @ 1_ llllllll I 1 1 T T I T T 1 1 I 1 1 1 T I 1 1 1 1 1 T 1
= > P

5|_35 r p+p collisions @ 500 GeV < C STAR J/vy 500 GeV, |y|<1 -
“ 1% 120« STAR: Jy—uw, ly1<0.5, p >0 GeVic 0.F P+P = Jiv+X STAR 1y 200 GeV '\Ilﬂldl 035
- : - . eV, |y|<0. .
" x STAR: J/y—e'e, lyl<1, p_>4 GeV/c “helicity frame CDF 1960 gev, |y|<0.8y —
107 PYTHIA8.183 default: p _>0 GeV/c = CMS 7000 GeV, |y|<0.6 -
- i PYTHIAS.183 default: p _>4 GeV/c AE B T Gy 22“‘5’3;:54 =
8- — Percolation model: p _>0 GeV/c 2 ' ]
6; STAR preliminary .20 | UDEETELr T _;
= di-u via MTD =
ar S - —
2__ P E
~ o __‘IESTARdaa oin . . —]
- ____._A#‘i"-f.-l-::"'“ +15% OMZ-_TI:JEJ’:JT'OI' along both x- and y- direction STAR PIeIImlnary n
0-#'-?'5{;("\\\l\\\ll\\l\‘ll\\\\\\‘\\Ilﬁll\\l\\l PR S [N TN TN T T [N TN TN ST T AT SN SN TN T AN A

0 0.5 1 1.5 2 25 3 3.5 4 4.5 0.03 0.04 0.05 0.06
Event activity Xt

« Correlation between relative J/y yields and relative charged particles multiplicity (event activity),
and for higher multiplicities stronger than linear growth at p, > 4 GeV/c observed

« PYTHIA 8 and Percolation Model describe the observed increase Percolation: Ferreiro et. al., PRC 86 (2012) 034903

« J/w polarization (A,): common trend towards strong negative values with x_ (in the helicity frame)

Mustafa Mustafa - QM15 - Kobe, Japan B. Trzeciak, Quarkonia Il (497) 19




Quarkonia in Au+Au

0-20% STAR preliminary
Au+Au @ 200 GeV

di-u via MTD O O Jy—e'e, |yl <1
® Jiy—ptu, |yl < 0.5
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14
1.2
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« p; < 5 GeV/c: suppression in all centralities. Rising

...................................... IS
H%r @ trend with p,

G % $ « Consistent R,, using di-muon and di-electron
channels

1 2 3 4 5 6 7 8 9
pT(GeWc}

e e e
o oo

C)—Llllllllllllllm!"

e
ho

Di-electron: PLB 722 (2013) 55, PRC 90, 024906 (2014)




Quarkonia in Au+Au STAR preliminary

- Projections for Runl4+16
0-20% STAR preliminary | CMS, PRL 109 (2012) 222301

185 -
162— . . AU+AU@2UO GeV 10% STAR (ee), PLB 735 (2014) 127
1ab di-pviaMTD o oJdiy—ee,lyl<1 o [
= @ Jy-pw, lyl <05 = |
3 1'?5@ .......................................................................... o 'F Y= M
i 085— g - . Y - ee
o 8t
0'65_@ @ %@E? B ~ 107
047 % £3 : 1T( ---------------------------- O
0.2 B
‘_T.. | 1 i IR TR I -
1_3:— LA 2 | | |
160 400 -|! 0 p+p Au+Au @ 200  Pb+Pb @ 2.76 TeV
1.42— I
12 £ y « p; <5 GeV/c: suppression in all centralities. Rising
> JN = SN /s IO 1% .................... @ .....
i c H
08 F E trend with p,
06 $ - Consistent R,, using di-muon and di-electron
045
02E channels
-fllll|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII 111 . N N
0 1 2 3 4 5 6 7 8 9 « Y signal observed in di-muon channel, full data
P, (GeV/c)

production on the way.
Di-electron: PLB 722 (2013) 55, PRC 90, 024906 (2014)




Semi-Inclusive Charged Jets in Au+Au

Trigger-normalized yield

- 107  AusAu, (52200 GeV | AusAu, 5,=200 GeV/
Ty d NN 3 ’ NN~ . g
S R=0.3 %°< P <300Gevc | 107 R=0.5 °°< P <30.0 GeV/c - Of jets recoiling from a
& 10 - . Ag>020,R=03 = : . Ag>0.65R=05 - h|gh P; hadron tngger_
g anti-k, - " anti-k, |
510 = 107 E
5. | - ]
=2 I S —= ] 1
- ERTS - 11 Trigger
S 5| E0%-10% N 5 0%-10% 3 i il 7
SE10°F g s0%-80% F8 60%-80% ] hadror
° —stat.error 7 ™. 10° — stat. error =
210 syst. uncertainty a0 F -
- ﬁm |
= 10-7:5 e !Prclelirlninlar}/ ! _; 106 | :
1 1 Recoil jet
= acceptance
10—1 i _: -10—1 ; : 3
0 10 ) 20 30 0 10 X 20 30
P (GeVic) pSh,, (GeVic)
1 deet 1 dO.AA—>h—|—jet—|—X
h . gAA—h+X .
Ntm’g de,J et o + de,j et
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Semi-Inclusive Charged Jets in Au+Au

Trigger-normalized yield

[ 0%-10%
8 60%-80%

L1 Trigger
hadroy

B 0%-10%
| [ 60%-80%
— stat. error

— 10—1 T T T T T T T T T T T I '_E T T T T T T T T I ':

— Au+Au, \s,,=200 GeV 3 B Au+Au, |s,=200 GeV : -

S 102 R=0.3 900<p™<300Gevc | 107 R=05 9.0 <p!"® <30.0 GeVic 3 Of jets recoiling from a
é 0 . Aiet>°'2°’R=9'3 - . Ajel>0.65,R:F).5 i h|gh P; hadron tngger_
~ 1079 antl-kT_; 102 anti-k; |

= 3

5, ]

£ =10 3

— stat. error

----- syst. uncertainty :
AR
Preliminary

AN /(e
S

trig

/
/

[
—
o

&

III| | I{I III| 1 IIIIIII| | R

z
= T L= 107 -
o 1 Recaoil jet
= acceptance
107" § . | ok 107" § . | 7
10 20 30 0 10 20 30

p;’l?et (GeVric) pi!‘iet (GeV/c)
Ap,=-3.8 £ 0.5 £1.8GeV

* Direct comparison to similar measurements at LHC
« QOut-of-cone energy transport: hint of reduction for larger R; smaller vs. LHC
« Moliere scattering of low energy jets in QGP: proof of principle
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Quantlfylng the effect of Chlral Symmetry Restoration: Di-electrons

ch
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STAR preliminary

05
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Au+Au sy = 62.4 GeV
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STAR preliminary {

1 Il 1

0.5 1 1.5

M,. (GeV/c?)

STAR *
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Au+Au sy =39 GeV
—o— data

b —— Sum
[ '\\ --- HG_med

STAR preliminary

0 0.5 1 1.5

M., (GeV/c?)

—o— U+U |/Syy =193 GeV
—— Au+Au V Sy = 200 GeV

Sum
- - Rapp: HG_med

R S . SN

STAR preliminary

= 1 1

0 0.5 1

M., (GeV/c?)

» Acceptance-corrected di-
electron excess mass in
27, 39, 62.4 GeV Au+Au,
and 193 U+U collisions

* In-medium p broadening
calculations describe data
across all collision
energies, centralities and

Pr

Theory:
R. Rapp, PRC 63 (2001) 054907

STAR, PLB 750 (2015) 64
STAR, PRC 92 (2015) 024912
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Quantifying the effect of Chiral Symmetry Restoration: Di-electrons

[
(=]

3<,10jﬁ |

— —ll— 200 GeV Aut+Au

0.40<M <0.75 GeV/c *

| —@— 193 GeV U+U

[
=

[~ —k— 62.4 GeV Au+Au
- —%— 39 GeV

| —— 27 GeV
19.6 GeV

ch
—
=

STAR preliminary

— =—=— 17.3 GeV In+In

1 %{{ {{

10?

[—
—

/dy)/(dN /dy)
S

excess

(dN

S T~ N - A~ ]
to
f—

3
dN_ /dy 10

Acceptance-corrected low-mass dielectron excess production, normalized by dN_/dy, is proportional
to the lifetime of the medium from 17.3 to 200 GeV

Given that the total baryon density is nearly a constant and that the emission rate is dominant in the near-T_region.

R. Rapp, H. van Hees, arXiv:1411.4612
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Quantifying the effect of Chiral Symmetry Restoration: Di-electrons

x10° | -
18_—.—21')0(‘\’;\ A ) —20
[ e u+Aun |
I ommonin 040M,<075 GeVie 1
%’ 16 |- —dk— 62.4 GeV Au+Au ]
-~ - —— 39 GeV A16 ,;\
Zﬁ 14 T STAR preliminary . l °- E
3 12 F —— 17.3 GeV In+In 'l __14 E
= .
ﬁ\ i =1 —1
%’ 10 L . I 12 QE.)
Y {10 -5
g 8 { 1= l 173
N [ -7 ’ —
Zﬁ 6 I% Lo —" l Theory lifetime: —8 E
~ - --200GeV --193GeV |
~ 4} | —624GeV =39GevV —|0
—27 GeV ]
7L » —173GeV 4
10? 10°

dN_, /dy

Acceptance-corrected low-mass dielectron excess production, normalized by dN_ /dy, is proportional
to the lifetime of the medium from 17.3 to 200 GeV

Given that the total baryon density is nearly a constant and that the emission rate is dominant in the near-T_region.

R. Rapp, H. van Hees, arXiv:1411.4612

Mustafa Mustafa - QM15 - Kobe, Japan S. Yang, Electromagnetic Probes (290)  pX3



Study of Chiral Effects via PID Correlations

Chiral Magnetic Effect (CME): local chirality imbalance + magnetic field - electric charge separation
Chiral Vortical Effect (CVE): local chirality imbalance + fluid vorticity = baryonic charge separation

=B 007 ' ' ' Separation w.r.t reaction plane was studied via a
;g 0.06 200 GeV Au+Au three-point correlator
~6- p-p(CME and CVE)
0.05 —
= p-A(CVE) V= <COS(¢a + @5 =20 )>
~4— p-n*(CME)

0.03 > p-K(no chiral effects)

Here a and B denote particle charge, vy - V..

o quantifies the strength of charge separation

STAR preliminary

0.01

0.04 {—

Correlation of different particle species — different
sensitivity to CME/CVE

c_lllllIIIIIIllI|IIII|IIJJ]IIII|IIII|III[III

% Most Central
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Study of Chiral Effects via PID Correlations

Chiral Magnetic Effect (CME): local chirality imbalance + magnetic field - electric charge separation
Chiral Vortical Effect (CVE): local chirality imbalance + fluid vorticity = baryonic charge separation

, , , » A clear hierarchical structure was observed, which

T meets the expectation of chiral effects
~8 006 200 GeV Au+Au
0.05 ~©~ Pp(CME and CVE) . On-going background studies to decouple B-field, v, and
£+ p-A(CVE)
—A- p-*(CME) charge separation

0.03 = Select events with v, = 0 in non-central collisions

[STAR, PRC, 89 (2014) 044908], much smaller effects

¢~ p-K (no chiral effects)

0.02

0.04 {—

c_lllll IIIIII[ll|IIII|IlJJIIIII|IIII|IIIIllI

0.01 STAR preliminary observed
' N 0.002HSTAR Preliminary
AT T = Collide nuclei with special oo 1§ it ! [
80 70 60 50 40 30 20 10 : ; "
o Most Central configurations = 0._{{ t II : }} ; {
(238U +238U, 9RU+9°RU, *6Zr+9Zr) 8 SR L t
—0.001:— }
» Measure impact of initial 3 . 40-80% |
70 02 L1 1 1 L1 1 1 L1 1 1 L1 1 1
E-field independently (Cu+Au) - ey, 8

L. Wen - Poster (948)
Mustafa Mustafa - QM15 - Kobe, Japan B. Tu - Poster (123)




Study of initial E-field via v, in Cu+Au

c
g
Q ~—
0.04
0.02
0
0.004f
_ 0.002}
2 9

_0.002}
_0.004f

STAR Preliminary p_ [GeV/c]

P -

e

WSTAR *

Sizable E-field pointing from Au
to Cu
— Expect charge dependent v,

relevant to CME/CMW

Participant density (loa-z scale)

quark/anti-quark creation time

Av, = v, (h*) - v, (h) shows the right sign as expected
by the model with initial E-field

E-field does leave an imprint. So should the B-field?
(CME/CMW)

Help constrain the initial quark/anti-quark production
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Beam Energy Scan | (BES I) VS = 7.7, 11.5, 14.5, 19.6, 27, 39GeV

] Z|z 10T

i Au+Au (GCE Ratlos) ] s [ ]

0-18_‘ 200GeV | e ]
,>\ 016_ 9 ) 120:_ /’\‘\\\\ _:
<)) i B i
Q) 0.14+ 100~ //—_\‘\ -
e - _
— I N 80| .
0.12- ~20-30% — Cleymans - g
©40-60% .. Andronic 60[— .

0.1 ~60-80% STAR Prellmlnary‘ - Rapidity Density Distribution of =* .

[ B 40__ STAR Beam Energy Scan ]

| Au+Au Top 10% Central _

0 0.1 O 2 O 3 O 4 0 5 - whu Top 10% Contral | |

uB (GeV) B * 19.6 GeV ]

. BES-I: 20 < , (MeV) < 420. L

» A suite of observables are studied for rapid changes and non-monotonicity
» Directed, elliptic and triangular flow
* Spectra, and nuclear modification factors
 Femtoscopy

 Higher moments —
V. Bairathi (492), C. Flores (320),

Collective Dynamics
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New measurements at vs,, = 14.5 GeV STAR Preliminary

(m-m) Exponential fit

T parT>v 2 A F K ® 40-50%
0.087’: 59im200 GeV . % 10% gg?gcﬁ:
- w39 2] 70-80% Fills the 2 05
1 s the < < a
27
00611 16 13:_ “B g p
r 14.
ooal ¢ 115 g All measurements follow the trends of BES-
i Be
210
0.02+ 3 i . \
I N510 2E o 1.5x10-20% 0.06 | 0-80%
ol ¥ - z  Foteeesen oo A
| S STAR sze(\)'(;ﬂmaw . 109} e d040% ~ STARPreliminary o E‘PK_ Jochen Thaeder (153)
) 04 06 08 10 12 @ o
bt Bose-Einstein fit X 0.04 | o Prashanth Shanmuganthan (398)
| STAR Preliminary o 7.7Gev o 10°E, N » 40-50% ><\I Liao Song (258)
statistical errors only = 11.5GeV )y b n 50-60% 1 . . .
=101 145GeV > 1CEES N ) Vipul Bairathi (492)
go g v 19.6GeV a . >\</0.02 * ? ) .
3 | e > o : ~ t . Daniel Brandenburg (606)
e g A . . Chris Flores (320)
o\o [ & ° o o
s l 5107 e 5005 O dama e g BN Stephen Horvat (323)
SHRAIIY < s 1 e 20x5-10%
s F . & 107%F | 45x10-20% : . :
o [ + =% sl 1.2x20-30% 0
N + < 107F ¢ 3040% STAR Preliminary
D B T e e oy '7“"23““5‘ 10 02040608101214161.820
pT(GeV/c) pT{GeVch) ) . T 10 T 4'0°/v T T -
— . — - L ] - - ) 1
4F Seo5% -- - Poisson 1 oL Net-Kaon 10 I %
; (O70-80% 0-5% UrQMD L [ | T ———% B
3 -_ - == FARANR, - St [- .. PR T ; .= e 7
: i oF /b/
r o o I
1y 1 ¥
i “ “ ol ¥ STAR prelimi 1
. i N ) ] preliminary
__@____% ___________________________________ L . -~ 0.-5% Poisson -10 77 0-5% --- 0-5% Poisson | \ / |
1: - ierte & {X] _2 g{?)os:o"/ ‘__:01/0:0:;:80” i [ £370-80%  --- 70-80% Poissan -0.01 %* e net PrOton
L Net-Proton - Au+A : o - 5 1
Of « % &l Y pr:)(t(OSr;V/c)u< 20,1 <05 ] [ 02<p_ (Gevic) < 16, )| <05 KOS UAD ol 02 ¢ py (GeVio) < 20, bl < 05 ﬁ“j’/ LraMo 4{ | * net Ikaon
7 10 20 30 40 100 200 =70 20 3020 00 200 7 10 20 3040 100 200 10?2

VS (GeV) f5m (Gev) C VS (GEV) 10 \ s, (GeV)



Search for the Onset of QGP Formation: Charged Hadrons R_

- STAR Preliminary . 7.7GeV
statistical errors only

11.5GeV
14.5GeV
19.6GeV
27GeV
39GeV
62.4GeV

—10

s m 4 4

Rcp [(0-5%)/(60-80%)

|"||||\|\|1

par

O_

« Smooth transition from a strong suppression at high energies
to enhancement at lower beam energies.
« Cronin effects play a bigger role at lower energies.

Mustafa Mustafa - QM15 - Kobe, Japan BERREACIMN:EIsY iRl Nolep R\ EIa(INEPEINN 3 )



Search for the Onset of QGP Formation: Charged Hadrons R_

—
-  STAR Prelimhar;l o 7.7GeV AL RRLR RL RARRR LAY AR LA RN
T 11. v 30 <p_=< 3.5 GeVic
statistical errprs only . 5Ge 10|q 5 = 77 eV
—10 14.5GeV =115

19.6GeV TR RO cus— il

27GeV Y196 e, i
¥ 27
39GeV R |

62.4GeV e |

""" 11.5 GeV |

Rcp [(0-5%)/(60-80%)

-—.
dn (arb. scale)

I|||I\I\Il

S
iﬁ» AN — 14.5 GeV
o b b b b b b B b b By %gfg
o 1 2 |3 4pT(G59V/c)6 7 8 9 10

« Smooth transition from a strong suppression at high energies 1 = — "0

to enhancement at lower beam energies. bl o, .
« Cronin effects play a bigger role at lower energies. | STAR Preliminan A
* Yields per binary collision show indicates a balance of 0 50 100 150 200 250 300 350 400

enhancement and suppression effects at Vs, = 14.5 GeV. Noar?
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Search for the Onset of QGP Formation: v,

x1073
11— v3{2} - Au+Au
- ¢ 0-5%
08~ 410-20%
- ¥ 30-40%
- _ [0)
06 » 50-60%
C‘G'(-Y‘) -
=04
- Pb+Pb
0.2 —
B ALICE: PRL, 107, 032301 (2011)
0
L | S'erF% Preliminary |
10 102 10° 10*
Vsu (GeV)

Triangular flow is argued to be almost directly proportional to the duration of the low-viscosity (n/s) phase
[J. Aunvine, H. Petersen PRC 88, 064908]

- Sizable v, at lower energies in central to mid-central centralities

- Peripheral collisions v, consistent with zero for Vs, less than 14.5 GeV

Mustafa Mustafa - QM15 - Kobe, Japan EEEllleeelicIEll RN V[aVEd o N WAt 3 4




Search for the Onset of QGP Formation: v,

x1073 )_(10—3
1 v3{2} - Au+Au 0.14- | VE{2¥n, ep - Au+Au o5
- e 0-5% B 4 10-20%
08 410-20% 0.12(— * 30-40%
- Y 30-40% o 1‘_ |
~06F+ m50-60% 1 & "
(q\|] o
No [ 0.08|- K
=04 i :
L Pb+Pb 0.06[—
0.2 - i
0.04—
B ALICE: PRL, 107, 032301 (2011) = Pb"'Pb
0 0.02}— ALICE: PRL, 107, 032301 (2011)
i | S'erR Preliminary | B | STlAFi Preliminary |
= I - : e : BE— 0"" - 111 111 1 [N T N 1 1 [
10 107 10° 10° 10 102 10° 10¢
Sy (GeV) \Sw (GeV)
N..pe = AN /dN/(N__ /2) is the multiplicity per participant pair, proportional to the system energy density

« Scaling out the increase in the system energy density reveals a flat trend Vs,, = 7.7 - 20 GeV
» Signature of softening of E0S?
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Search for Phase Transition: Directed Flow

o T ' T
> 10 - 40% R . —
3 .01 | - g 1
= V. \\ +//—~”"Q 0.02 # i‘iﬂ o ]
>1— u \ // i I N Preliminary |
© 0.—_ ------- \ ----------------- )/4 -------------------------------- —]
\ i - |
\§\ /i/ STAR preliminary | ) S— ;fﬂ .......... e i
—0.01- * o net proton| 5 | SN A N
el . . L L . ~
2 = -0.02f ) .
10 s, (GeV) 10 S i % t B
4+
« The dip in dv1/dy|y=0 is argued to indicate an interplay
between hydro and baryon transport dynamics (and -0.04 1 E PR,
baryon/anti-baryon annihilation) | oA ET
« (Anti)-Lambdas dv,/dy closely follow those of (anti)-
protons 008 910 20 30 40

Sy (GeV)

it/ K+/ (anti-)p/ (anti-)Lambda




Search for Phase Transition: Directed Flow

(= ] ' ]
> . 10 - 40% — . . .
3 0.01 : - '
= \ 002t ¥ i‘iﬁ“ . .
>1— o \ // I o reliminary |
O 0_ ....... \ooremeemneennaee //;? ............................... —
\ %/% o 1 L ; i
\\*/ STAR preliminary ) S— LS é .......... e i
-0.01- & e het proton[ - " ¢ .
>, # $
B » net kaon | © - = ¥ ]
2 = -0.02f ) -
10 s, (GeV) 10 S i % %
- The dip in dv,/dy| _, is argued to indicate an interplay E
between hydro and baryon transport dynamics (and -0.04 1 PR,
baryon/anti-baryon annihilation) | oA ET
« (Anti)-Lambdas dv,/dy closely follow those of (anti)- -
protons 008 910 20 30 40
. dv,/dy for net-K and net-p are consistent with each other Sy (GeV)

down to ~14.5 GeV, and deviate at lower energies
it/ K+/ (anti-)p/ (anti-)Lambda
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Search for the Critical Point: Higher Moments Fluctuations (Net-Protons)

4 - T %0-5% - -- Poisson _

E i? 070_800/0 0-5% UrQMD ]

« Higher moments of conserved sL STAR Preliminary -

quantum numbers (Q, S, B) are Nl [ ]

expected to be sensitive to the o) oF E
proximity to a critical point A4 %

N S

Higher order moments — higher D050 ® ]

TR TRGRE - Net-Proton - Au+Au -

sensitivity to criticality oF égx%‘& % ﬁ 0.4 < p_(GeVIC) < 20, ly| < 0.5

7 10 20 30 40 100 200

sy (GeV)

« New: extended phase space volume of net-proton higher moments measurement
0.4 <p,(GeV/c) < 0.8 0.4 <p,(GeV/c) <2.0
« Non-monotonic change of ko? for in central Au+Au collisions
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Beam Energy Scan Il (2019-2020)

F R =' : S h
Planned hardware upgrades: B Sror—— 7
« inner Time Projection Chamber: "oF Aushu coNSIons fo =77 GeV g
] gk ]
Larger acceptance:|n|<1 - [n|<1.5 R
higher dE/dx resolution # B[ -+ 04cp (Gevic) <20 ]
. [ B2 Estimated Error BES I
[----- Poisson Expectation ]
« Event Plane Detector 2k I LA :
. Endcap Time of Flight NI S o -
ndacap Iime or rlig 0 0.5 1 15
Ay
Higher luminosity with electron cooling. s | | 0p ©
2 E PHSD expectation at BES-II - %
Scan of 205 < p, < 420 MeV with high events statistics = ast e S
;F: 4 :, —=a— BES-II projection w/ iTPC l‘;:
= F @ W& i mmaeaes Rapp's model <
Z asp , R —0.15 2
thS|CS focus- % 37 STAR preliminary E
iy . 251 o '
« Search for critical point 2 ! I I =
- Search for onset of QGP E sf 1 """ =
« Quantify the effect of Chiral Symmetry Restoration via total - 0:? | | o
. . . . . ’ 2 ’ é
baryon density on vector meson in-medium modifications. 0 Y i Gev)
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Summary

0.3

[ T T
[ Au+Au 200GeV, 0-80%

[ Non-flow est.
0251 e D°EP =
F O K
0.15F o0 @ - m -
o O]
> F K= © b ¢ 1
0.1 e 2o 3
- e
A
005 e =
& ]
OF- 8- e o . ]
: STAR Preliminary 1
_0 G: L | | | | | | ]
() 1 2 3 4 5 6

Transverse Momentum P, (GeVlc)

K 10 - 40%

-\ P
\ /+ ¢
IR A ]

\ /’
\K ¥ STAR preliminary |

e net proton| |

— | — 2
10 ys,, (Gev)1?

S0-5%

() 70-80%

=== Poisson

0-5% UrQMD ]

Net-Proton - Au+Au .
0.4 <p_ (GeVic) <2.0,ly[ <05 7

STAR Preliminary -

20 30 40

VS (GeV)

 Heavy Flavor Tracker (HFT) delivers its first results -» Charm flows at RHIC top energy

» First result of quarkonia suppression from the Muon Telescope Detector (MTD)

« Beam Energy Scan | (BES-I) completed with vs,,= 14.5 GeV
- Net-protons ko?, baryons dv,/dy| _,, and charged hadron scaled-v,? exhibit non-monotonicity at similar

energies
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STAR Future Plans

-_ d;re]?);?n - QCD phase structure
sQGP properties - Critical Point
‘ ‘ N\
2014\ 2015 2016 207\ 019 2020 | 2022 | 2023 |

‘ HF-I, (e, 1), spin \ | BES-II \
e-Cooling, iTPC, EPD A' HF-1I, p,+p/ A

Forward tracking/calorimetry, HFT+, TPC speed-up

‘ hvsi ‘ iTPC proposal: drupal.star.bnl.gov/STAR/starnotes/public/sn0619
PNysICS BES-Il whitepaper: drupal.star.bnl.gov/STAR/starnotes/public/sn0598

upgrade A Polarized p+p and p+A drupal.star.bnl.gov/STAR/starnotes/public/sn0605
Ww VT Y S VL U2V P P /
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