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¥z Relativistic Heavy lon Collider (RHIC)

Brookhaven National Laboratory (BNL), Upton, NY
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- RHIC: Still the highest energy

heavy-ion collider in the world!
Vsyy = 200 - 5 GeV
Au +Au, Cu+Cu,d+Au
- RHIC: The highest energy
| polarized proton collider!
Vs =200, 500 GeV
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STAR Physics Focus

Polarized p+p program
- Study proton intrinsic properties

T

T (ki )

Forward program

- Study low-x properties, search for CGC
- Study elastic (inelastic) processes (pp2pp)

DGLAP

- Investigate gluonic exchanges
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1) At 200 GeV top energy

- Study medium properties, EoS
- pQCD in hot and dense medium

Quarks and Gluons

2) RHIC beam energy scan
- Search for the QCD critical point

Color Super-

Neutron stars  conductor?

7/
Net Baryon Density

- Chiral symmetry restoration
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) STAR Detectors: rui2r particie identification!

EMC+EEMC+FMS
TPC TOF (1 2n<d)

DAQ1000
HLT

HFT

.
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*TAR

Particle Identification at STAR
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STAR HFT

Heavy Quark
Hadrons

Multiple-fold correlations among the identified particles!
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) . Helicity Distributions - gluons

Run 9: STAR bottom line is to collect FoM: 6.5 pb-' (Run9: 2.3 pb-1)
inclusive jet, di-jets, y-jet... analysis

STAR: internal review of the strategy for spin physics in light of
Run9.
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de Florian et al, arXiv: 0804.0422 //PRL 101:072001(08)

|
Nu Xu LBNL, NSD, HIT, January 19%, 2010 9/30



STAR p+p \s=500 GeV

cluster | <1

— W candidates
—é— QCD backg. est.

—— Backg. subtr. W's
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Y. STAR: The Sea-Quark Program

500 GeV p+p collisions

S

u+d =W"™ —e" +v
u+d—=W —e +v

Forward GEM Tracker: FGT

1) Charge sign identification for high momentum
electrons from W#* decay (Energy determined with
- EEMC) ' '

2) Triple-GEM technology, Summer 2011 for Run12
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) . Summary: Spin Program

(1) Complete the Ag program
(2) Sea quark study will start in run12

(3) Transverse spin program

. ______________________________________________________________________________________________________|
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The QCD Phase Diagram and
High-Energy Nuclear Collisions

T Critical Point?

Temperature

. hadron gas
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K
] 4 e nuclei
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Baryon Chemical Potential




*TAR

Full Jet Reconstruction At RHIC
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- Clear cone size dependent

- Jets are broadened in Au+Au collisions

Nu Xu
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4= Nuclear Modification Factor Ry,

2 2 Auvau Sy = 200 GeV ¥ directy 0-10% i 1 0-10%
@ 4.8-PHENIX Preliminary % 7° 0-10% (PRL, 101, 232301)
1 6_— b (p+P)12 0-5% (PRC, 74, 024904)
L § 00-10% § ©0-20%
1.4 + + + $ (K'+K)/2 0-5% (PRC, 74, 024904)
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S. Esumi, M. Neglis et al.
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Y.~ Nuclear Modification Factor Ry,

STAR: PRC®, 0904.0439 Y. Xu, SQMOQ
5 1.8 NS A 4 p°
4| ® STAR Cu+Cu0-20% A i O p+p
3L ¥ STAR Cu+Cu 0-60% — cr-1arm 2uark 1 '6 KA N K"_'_K'
ol O PHENIX Cu+Cu 0-20% -.-.-. heavy resonance 1 4 N Kg
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1) Flavor ?:  Rpa(m) ~ Raa(p®) < Raa($) < Raa(J/9)
2) Mass ? Raa() < RpA(K) < RpA(P)

Challenges to pQCD calculations
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Yar_ System Size Driven Collectivity

\/Syn = 200 GeV Collisions at RHIC

0-5 | | | | |
Cu+Cu Au + Au
0-20% 20-60% 40-80% 10-40% 0-10%
* o 0 *  Kg

ﬁ 04 o .*. v A A -
& STAR Preliminary %% N, e {2

S 03} {Pf’ 326:6 0.12:001 |
w A o b_Ao -6 17310 0.30 = 0.01
X A oY

By 872  0.24zx0.01

o 02| A kR ]
- . ?i’v + A MA- P-4 42:7  053+0.02
~ ¥ #f 1‘%‘
- %&j{ ! 341 0472002

S ASTcE g

Q u o | ’F -

> 0 ol
0
0 Glauber initial conditions
| | | | |

0 0.5 1 1.5 2
(m_-m)/ ng (GeV/c?)

Collectivity: Driven by number of participants,
NOT by eccentricity.
Caution:  Local equilibrium and perfect fluid
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) Partonic Collectivity at RHIC

Vs, = 200 GeV "°Au+"""Au Collisions at RHIC
T T T T T8
25 [~ (a) Light quarks -1 (b) Strange quarks

G9¢Z 2060 Nixie :60NO

L ‘ L )
2 3 4 50 1 2 3 4 )
Transverse Momentum p-. (GeV/c)

Low p+ (= 2 GeV/c): hydrodynamic mass ordering

High p; (> 2 GeV/c): number of quarks ordering
s-quark hadron: smaller interaction strength in hadronic medium
light- and s-quark hadrons: similar v, pattern

=> Collectivity developed at partonic stage!
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Y. Search for Local Parity Violation
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- Strong EM fields
- De-confinement and Chiral - STAR; arXiv: 0909.1739 (PRL); 0909.1717 (PRC)

- PID LPV analysis with TOF
- RHIC BES: disappearance

symmetry restoration
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.. 1 he QCD Phase Diagram and the CP

Early Universe

£ Future LHC Experiments

The Phases of QCD

l Current RHIC Experiments

(O]
—
>
b
®©
—
(]
Qo
5
=

Critical Point

Hadron Gas Superconductor

Neutron Stars

Baryon Chemical Potential

RHIC (200) & LHC: Determine the
temperature

- LGT prediction on the transition
temperature T is robust.

- LGT calculation, universality, and
models hinted the existence of

the critical point on the QCD phase
diagram* at finite baryon chemical

potential.

- Experimental evidence for either
the critical point or 1st order
transition is important for our
knowledge of the QCD phase
diagram®.

* Thermalization has been assumed

M. Stephanov, K. Rajagopal, and E. Shuryak, PRL 81,
4816(98); K. Rajagopal, PR D61, 105017 (00)

http://www.er.doe.gov/np/nsac/docs/Nuclear-Science.Low-
Res.pdf
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Wrar QCD Thermodynamics

fin =)
RHIC LH SB Ideal Gas\
l E.........1;.......;.;.%....‘....‘.‘.'3 --3--- > - '; ; i---.‘g.z
a 0.5 ,' B
: ; . H H . N H .
1 10 100 1000 10* 10® 10® 107
T/T,
1) At ug= 0: cross over transition, 750 < T, < 200 MeV
2) The SB ideal gas limit: T/T ~ 10
4) Thermodynamic evolutions are similar for RHIC and LHC
S Zoltan Fodor, Lattice 2007 i
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) . High Moment Analysis (BES)

Net-protons, Au+Au 200 GeV
lyl <0.5,0.4 < p_<0.8 GeVic

STAR Preliminary
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1) High moments are more sensitive to critical point related fluctuation.

2) The 4" moment, Kurtosis, is directly related to the corresponding

thermodynamic quantity: susceptibility for conserved quantum
numbers such as Baryon number, charge, strangeness...

Nu Xu
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) Run10 Physics Programs

RHIC cool down mid-Nowv.

Cool down to 4.5°K: Dec. 1; Shift starts Dec. 7; Data taking: Jan. 2

Shift committee:  O. Barannikova
Trigger board: Z.B. Xu (chair)

QA board: C. Whitten (chair)
3/16 Thermalization

62.4 4 4/15 4 JWYv, m

39 1.5 4/28 1.5

27 BES programs,
18 Tz, phase
115 2 61s boundary
7.7 4 5/25 4

5.5 0.5 5/28 0.5

Weekly info: http.//www.c-ad.bnl.gov/esfd/RMEM_10/rhic_planning.htm
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Frar _ Summary: Heavy lon Program

(1) Medium properties at 200 GeV

- collectivity done; light quark thermalization

(2) Beam Energy Scan at RHIC — phase structure

(3) d+Au collisions — effect of the cold nuclear matter

. ______________________________________________________________________________________________________|
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) T STAR Experiment

25/30

HLT
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*TAR

STAR Heavy Flavor Tracker

-

HFT: 2012-2014

1) 2-layer thin CMOS pixels;
1-layer strips; SSD

2) First layer at 2.5 cm close to
the beam pipe, 2pi coverage

=>» Measure down to low p; ~
0.5 GeV/c for open charm
hadrons

~

Nu Xu
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*TAR

Anisotropy Parameter v, (%)

Nu Xu

200 GeV Au+Au Collisions at RHIC

(D°: 500M minimum bias events; lyl<0.5)

Hydro model prediction
(mass(D% = 1.86 GeV/c?)

e ++4;2-(c) o

Transverse momentum p; (GeV/c)

- 200 GeV Au+Au m.b.

collisions (500M events).

- Charm hadron collectivity =

drag/diffusion constants =

Medium properties!

HFT: Charm Hadron v, and Ry,

200 GeV Au+Au Collisions at RHIC

( D% 500M minimum bias events; lyl<0.5)

N,;, scaling

Charge hadron R,

0.1 O Expected errors on R,(D°)

0 2 4 6 8 10
Transverse momentum p.. (GeV/c)

- 200 GeV Au+Au m.b.

collisions (Jy|<0.5 500M events)
- Charm hadron R, =

- Energy loss mechanism!
- QCD in dense medium!
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Y4z The di-electron Program at STAR

TOF + TPC +
a N
1) o, mass 2 Al :
(1) o, l l DY, charm Bk l v Direct
(2) V2 10-1 LI : I LI I'I | L | L | T 17T 1T 177 | L | 1T 17T | LI O radlatlon from
R min. bias Au+Au at \s,, = 200 GeV = the Hot/Dense
= DATA 70— JIW —> n .
(3) AA 2k vi<o3s . yie LP.P,) e:e . Medium
p Pr>02CGeVic __ v ,.ee === cT->ee (PYTHIA) 3
3 p-—>ee  voonn cC —» ee (random correlation) _: .
10 o>ee&r’ee  PHENIX: 0706.3034 = v Chiral
" === ¢ —> ee & nee _f symmetry
5 Restoration
107 ~ _;
; e ] = A robust di-
RN E A [, T0] = lepton physics
AN A N TN . program
AR N - extending

- gummmpm=¥; | STAR
Mass (GeV/c?) | scientific
pr (GeVic) reach

A /

HFT: removing irreducible correlated charm background!
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*TAR

Direct Radiation

Di-leptons allow us

S 04 Vs=200 GeV Au+Au (10%) At RAIC and LHC! to measure the direct
5 ding parton'c matter radiation from the
g Expan matter with partonic
— degrees of freedom,
.
El-_.; 0.3 f C51)0 O O Vs=17.2 GeV Pb+Pb (10%) no hadronization!
(é) &AAAAQ ¢ O + - Low mass region:
S 0.2 A ++ P, W, o = ee*
8 ' + * + m,,, = e-e*
Q ° Vs=17.2 GeV In+In (dN,, /dy > 30 medium effect
8. 01 A Vs=17.2GeV In+In (dN,,/dy > 30) Chiral symmetry
o | R IMR . .
N plo ¢ - High mass region:
t K PAEZ QD A Jy Jp = ee*
0.0 m,, = e-e*
0.5 1 1.5 2 2.5 3 3.5 4
Direct radiation
Mass (GeV)
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* . Summary

STAR QCD physics program for next decade:

Spin Physics: (cold nucleon)
- 200 GeV: Ag inclusive and di-jets, y-jet
- 500 GeV: sea quark helicity distributions
- 200/500 GeV: transverse spin phenomena

Low-x Physics: (cold nucleus)
- Study gluon-rich phenomena at RHIC
- Color glass condensate

Heavy lon Physics: (hot nuclear matter)
- Thermalization at 200 GeV
- QCD phase boundary and critical point, starts in 2010
- In medium properties
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) DOE Milestone for HP

Measure flavor-identified q and anti-q contributions to the spin of

2013 HPS the proton via the longitudinal-spin asymmetry of W production.

Utilize polarized proton collisions at center of mass energies of 200
and 500 GeV, in combination with global QCD analyses, to

2013  HPI2 determine if gluons have appreciable polarization over any range of
momentum fraction between 1 and 30% of the momentum of a
polarized proton.

Test unique QCD predictions for relations between single-
2015  HPI13* transverse spin phenomena in p-p scattering and those observed
in deep-inelastic lepton scattering

http://www.er.doe.qgov/np/nsac/docs/PerfMeasEvalFinal.pdf
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) . DOE Milestone for DM

Measure the energy and system size dependence of J/y production over the range of ions and

2010 DM>5 energies available at RHIC.
- ion i < < 2 =
2010 DM6 Megsgre e+e- production in the mass range 0.5 <m ., < 1.0 MeV/c* in \/SNN 200 GeV
collisions.
2010 DM7 Complete realistic calculations of jet production in a high density medium for comparison with
experiment.
2012 DMS8 Determine gluon densities at low x in cold nuclei via p + Au or d + Au collisions.
2014 DM10* Perform calculations including viscous hydrodynamics to quantify, or place an upper limit on, the
viscosity of the nearly perfect fluid discovered at RHIC.
Measure jet and photon production and their correlations in A=200 1on+ion collisions at energies
2014 DM11*
from Vs = 30 GeV up to 5.5 TeV.
Measure bulk properties, particle spectra, correlations and fluctuations in Au + Au collisions at
2015 DM9* \/sNN from 5 to 40 GeV to search for evidence of a critical point in the QCD matter phase

diagram.

Measure production rates, high-p spectra, and correlations in heavy-ion collisions at \/SNN=2OO
2016 DMI12*  GeV for identified hadrons with heavy flavor valence quarks to constrain the mechanism for
parton energy loss in the quark-gluon plasma.

Measure real and virtual thermal photon production in p+p, d+Au and Au+Au collisions at

%
2018 bMI3 energies up to \/sNN =200 GeV.

1
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