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. Mechanism of energy loss:

Properties of the sQGP

BEKL

DGLAFP

weak or strong coupling? | 5 _
|s there a critical point, and if so, where? nA?  Ink? nQ’
Novel symmetry properties 8: What are the properties of

Exotic particles cold nuclear matter?
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Outline
Heavy Quark Probes
RHIC Beam Energy Scan Program Phase | Results

Novel Symmetry and Exotic Searches

Towards Future QCD Studies at RHIC and eRHIC
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Initial Conditions Remain a Major Uncertainty

| 0%--5% Central @] 20%--30% Central  (®)] 30%--40% Central  (€))
e v,{TPC} == |deal hydro
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STAR: PRC88, 014904(2013)
» The initial conditions in the models come from MC-Glauber
» NeXSPheRIO model reproduce the data well for 20-30% and
30-40% at pT < 1 GeV/c
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Do not TruIy Understand the Geometry Yet
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Heavy Quark Probe of sQGP properties

NPE — access to high pT region
Simultaneous Measurements of R,, and v,
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Better p+p reference data
Nature of the measured v, value at high pT
Separation of B and D decay electrons !
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Heavy Quark Collectivity — Next 2 years !

Elliptic Flow v, of D
at low pT
NPE - Separation of B
and D decays in
Au+Au collisions

----Needs HFT Upgrade

‘ Heavy Quark Tagged

Jet-Medium Interaction and
Medium Response !



Status of HFT and MTD Upgrades

Heavy Flavor Tracker Muon Telescope Detector
Full Detector Commissioning and Physics Running in 2014
Heavy Quark Collectivity, NPE B and D separation, Upsilon
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QCD Phase Diagram and RHIC BES-I

Year En (GeV) # Event (10°)

2010 39 130
2010 11.5 12
2010 7.7 5
2011 27 70
2011 19.6 36

2014 15 (?)

RHIC can deliver low energy beams !

STAR: First glimpse of QCD bulk
matter over a broad range
of chemical potentials !

Hadronic Gas
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What is the width in sqgrt(s) or
chemical potential for the
QCD critical point ?

What is the most appropriate
reference distribution for
high moments?
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Direct Flow v, Slope from BES
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Connectec’iI to EOS, Sensitive to Phase Transition?
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Systematic v, Differences between
particle and anti-particles
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Mass and Flavor Dependence !!
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Implication for large Rv = G,/G ?

| |
—~ 80 | —
X l AutAu@7.7 GeV
~ 80 £ 0-80% a
< L + 1 ni<1 |
-
= 40 —
o | % l
3 20 |- -
o = STARdata ¥ i
i" 0 ¢ R =05 J__

I A R =11 y

-20 ' |
nucleon kaon

Theoretical models predicted that large R, =2
no critical point or first-order PT in physical region !
What other measurements to access R, ?
Jun Xu, Taesoo Song, Che Ming Ko and Feng Li, arXiv 1308.1753

M. Asakawa et al., NP A504, 668 (1989);
12/2/2013  N,M. Bratovic, T. Hatsuda and W. Weise, PLB 719 (2013) 131. 13
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Mid-Rapidity Hyperon Yield

Mechanism:
Pair Production

- Associated Prod.

>

K

< -- quark or hadron
4

© level

-- difference in

—~ hyperon vs.

P
2 anti-hyperons
[x]

Z

U [ [

-- sensitive to
chemical
potential
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the environment - local parton density .
B/m ratios

AIK
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7E-| @ 1.rcev | 0~5% Au+Au o  parton density
- | @ 19.6Gev T A 1 at hadronization !
6—|® 27Gev | + —O —
E_ @ 39GeV I KS _E
S| @ 826V T ¢ ¢ 1 Au+Au at 7.7 GeV
o : ¢* ¢ v 8 1  -- higher net baryon
- : L . density !
i ¢ o E
- ® ¢ ® N
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[ .e20e®”" T ¢ 1 [1-4] GeV/c, much

" |. STAR Preliminary 4 more hyperons
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! produced !!
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Strange quark analysis from Q and ¢
using Coalescence Framework

~ 10— ——
o | __ A 200 GeV (0-5%) -
[or BT ]

® 39 GeV (0-10%)]
m27 GeV (0-10%)]

19.6 GeV (0-10%)

; ﬂﬁ ¥ 11.5 GeV (0-10%)

2p

- |
()(sss) and ¢(ss) formed at =X
chemical freezeout from =
coalescence of 3 s quarks &
and s-sbar pairs. <

20(p. =
3
||| I I I I
4‘_*
3

: ey -

Assuming sudden coalescence i * N Y ]
of s quarks of approximately i é%\ I
equal pT and the same shape | * ) *& |

of pT distributions for s and sbar 10°- | ‘ | =
quarks 0 0.5 1

The s quark pT distribution at p; = p./n, (GeVic)
freeze-out ~ Q(3p;)/d(2p;)

IS there a difference in partonic dynamics between 11 and 20 GeV?
12/22000ANEED more statistics (BES IlI) and a 15 GeV run !! 17




are these functions of similar shape?

Coalescence Picture !

Independent Empirical Check on Coalescence —
if s(p;) ~ Q(3p,)/d(2p,) , then d(2p;) /s(p,) is also s(p,)

12/2/2013
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Road to Beam Energy Scan I

1x10%8
1) Need electron coolingto _ | with cooling ==
N . 8 : ’._._."'
be more efficient ! 3
5 110 —
g 11025 7 - ,/mc;t coaling
E —
T e¥pe—<L4
= 7
1x102 /
2 4 6 8 10

relativistic gamima

=228 2) STAR TPC Inner Sector

B readout upgrade

-- enhance tracking and PID
in 1 1-1.7 region

....
'l

BES Il Starting 2018+
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QCD Exotic Phenomena

QCD Vacuum Sphaleron excitation g..ction © b o

coupled to strong magnetic field from plane,  /
o) \/
spectator protons
-- charge separation across the -
reaction plane
parity violating in strong interaction ]
Kharzeev et al NP A803, 227 (2008) i

y =(COS(¢, + By — Wep)) Ty e,
— [< l,aV1”3> + Bin]_ [<aaaﬂ> + Bout

Voloshin, PRC70, 057901 (2004)

charge dependent — same sign (++,--) and opposite sign(+-, -+)
sensitive to charge separation
12/2/2013 20



First measurements

.” I .'1|'H'II!"'.' ef ﬂj. I"1]'ﬁI H ['|_|-|],||_||||';|_1 i_l |'||:I ]PI::I:'-':‘-\-. Etl"-.'_ [.vtl .
103, 251601 (20009),

Strong charge sign 81, Daio0w (010). e P e
dependent — %1073

Same-Sign (SS) = 04i.....|..--.---..--AUJA“M.G;‘; l_'
Opposite-Sign (OS) 5 *STAR :
correlation — very zﬂg_g'— . il I
different feature and t. [ - % o [CMEVsW ]
magnitude ! ? 0_"‘;2? """ | f!“_ef*r@i
O i o= .
Existing models cannot | '0'2:"% e -
reproduce the data ! 04l = ]
e Red : same charge | ]
How to separate LPV | qgf, [ jmeese
signal and background? 70 60 50 40 30 20 10
% Most central
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Conventional Explanation ?

Blast Wave Parameterization = Charge Correlation + Radial + Elliptic Flow

(Y
L U A L ] —— A ——
SRR L Easidyomin =2 = o
£z

B AW, —— =
~

- [°%
=
=2
= -
|
LLM ‘.
C N TN B T I T T i - g
-1 o 1 a " e DM r ¥ : 1
I'IF :ﬂ!‘gl i = L I i = L =
= 10 20 X i &40 B0 [y
FIC: T 0o sclizet Bzhmse Laewien: £ - L 2 Siee B EI-EI'I‘II"'H|
cenlily e e ol e pecilzys s b mcledesd B bl soing W . - ' T,
: o1 Lo I CRH LY I D S 1 L [T R O] o AT T - in.
[rarin.r I'h e Fooch sauancsn 45 - ool izams bes - cand 0 akone T o e ' M e
eifcdes The Sal cowee Lo - geznower b alome poan:s L 1y  Lfe -1 T "
u " "n r.. (] Il Ilfl
o 2 pliaee mnss, For inderieadiale aneles . e Febowe Licwson - - .
[T FEITNLY =.'=|||'|I.' _“1?:_.‘, Sl —i‘:’ L, lﬂ - ~zlE JﬁI"I =] “:—I'I=I'II-

- With some “adjustments” can describe the data (diff “opp” - “same”).
- Note that the correlator is inversely proportional to multiplicity

Schlichting and Pratt, PRC83 014913 (2011) -




Recent STAR Results on the Charge Separation Measurement
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Charge separation
-- disappears at low energy
where QGP presumably
cannot be formed

and/or cannot live long Is this the unique
1eough! explanation ? .

No QGP - No Local
Parity Violation !



Recent STAR Results on the Charge Separation Measurement

art

2" oozsf * 200 GeV Au+Au ﬁﬁ* .
0 o Charge separation
;u.m 002: bt 193 GBV U'l'U /’/ E/m/ ° °
R R -- disappears in very central
z o015, /’; collisions when magnetic field
WE s approaches zero, but elliptic flow
: 8 is finite !
0.005— 4'%
0: ! ! ] | g ! ! | ! ! ! | ! ! !
0 2 4 6 8
v,{n sub} (%)

Background has to be coupled to v, —
no reason for background to disappear when
Vv, Is finite !
Measured correlator unlikely be entirely due to
background ! »
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Intriguing, yet inconclusive !

Experimental measurements
-- consistent with some aspects of
expectations from
chiral magnetic effect and
chiral magnetic wave

-- But we do not know for sure the
magnitude of the background

-- we are not sure of the nature of
background for CMW

We need more ideas and explorations !

12/2/2013 25



A-A Correlation

-- sensitive to AA interaction 14
H (uuddss) bound state
-- depletion of AA pairs 12
2 |
Theoretical models fit to ’
STAR preliminary data:
AA - attractive interaction
no bound state !

Other di-hyperons ? == or QQ)
Other exotic particles?

12/2/2013

Searches for Exotic Particles

------

NSC97

L 3

0.8

0.6 [

* | ! 1 : 1 ! 1 ] | | |

STAR preliminary

o

0.05 0.1 0.15 0.2
Q (GeVic)

0.25
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A-A Correlation Function

AA potential

14 - | S@ ND [ —&- -
12 + ;" NF =% |
| / NSC89
= 10 @.. / NSC97 @ ]
E g / Ehime "% 4
5 6 | @ fss2 |=B— |
4 C] @ X" .
i ”"1?"'15 ]
2 Uncertainties not included ey
[' 1 1 1 1
-5 -4 -3 -2 -1 0 1
1/a, (fm™)

A. Ohnishi, HHI workshop proceedings 2012
» Scattering length (a,) is negative in most fits

» Current fit from different potential models to data gives

indication towards non-existence of bound H-dibaryon
12/2/2013 27



Chiral Symmetry and Di-electrons
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1 | 1 4 u
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Low mass region (<1.0 GeV) — vector meson properties in the QCD medium

Intermediate mass region (1-3 GeV) — QGP radiation and heavy quark decays
(depends on heavy quark evolution in the QCD medium)

Very difficulty experimental measurements!

lessons from SPS — need 5-10 years to understand the signal and background!
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STAR Forward Upgrades: QCD at X and x

proton nucleus
~ Forward Tracker System (FTS)
25<n<4 ~ 2018+

Forward Calorimeter System (FCS)

FHC (ES64)

Pb-Sc HCal

FHC (ES64)

W-Powder EMCal

ﬂ

e Forward instrumentation optimized for pp/pA and AA
— Charged-particle tracking
— e/h and y/m® discrimination

— Jet reconstruction
12/2/2013 29



Gluon Saturation in Nuclei

pA dynamics in the forward proton semi-sphere

sensitive to details of the gluons in the nuclei

v _in1t Phase of Cold Nuclear Matter

X e A Forward direction kinematics
@ region favors parton scatterings

of large x partons from
relatively dense g P P

region off small x partons from A !

dilute region Initial conditions for AA

QCD in high density non-linear regime
-- Color Glass Condensate

InQ:2
The quantum nature of the partons must manifest through

saturations ! At what Qg and x scales and to what extent?
12/2/2013 30




RHIC — a Dedicated QCD Facility

QCD - Fundamental Corner Stone of the Standard Model !!
-Dynamics of QCD in bulk matter, vacuum structure and hadrons?
Condensed Matter Physics with Underlying QCD Interactions !

We are beyond the QGP discovery phase already !
LHC -- Energy/Temperature Frontier
RHIC — New Horizons in QCD Phase Structure, Vacuum
Excitation, Initial State Color Charge Dynamics,
Hadron Structure and Exotics

The Best of STAR is yet to Come
Heavy Flavor Physics — HFT/MTD: 2014-16
QCD Phase Diagram — BES Phase 1l: 2018-19
Spin, CNM Color Dynamics and AA — Towards eRHIC

12/2/2013 31
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eSTAR — STAR in the eRHIC Era
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