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TPC

HFT

TOF

EMC+EEMC+FMS
(-1<n<4)

STAR Detectors: rui2r particie identification!

DAQ1000

HLT
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STAR Physics Focus

Structure of Nucleon

Structure of Cold Nuclear Matter
Structure of the Hot Matter

QCD
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Outline

1) Spin program
2) Heavy-lon program

3) Future programs

Nu Xu
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Proton Spin Physics ﬁ@
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Nucleon Structure Function

Precision measurements (e.g. F2) = Precision on q/g structures

™ 7 =
10 S H1 and ZEUS Combined PDF Fit
Nf\ ¢ x = 0000032, i=22 ® HERAIe'p (prel.) % 1 3 3 ®
= 000005, i=21 - =
C:,’ 10 6 : L ad x X= (i[‘)](f:;?];:zi)w Fixed Target 2- ‘g Q°=10GeV %
= e x=000020,i18 HERA I PDF (prel.) 3
%ﬁ x = 000032, i=17 08 —— HERA I PDF fit (prel.)

10 x = 0.0005, i=16
. /.r""”“ x= 00008, i=15 B creosam
V.«"""M‘ x = 00013, i=14

10 W x = 00020, i=13

.W x=00032,i=12
. x = 0.005, i=11
10° M x=0.008, i=10

£y
g
v}
g
. . seeee x=0013i=9 a ;
T eeessrerreeny  X=D02 ik 3 g
10° o .—ereoseesessteres  x=0012,i=7 5 $
nau =1
COmnE e —e——Aeeeestrveretety s x=(05.i=6 -y LZ
10 CAEln TGS e et eretesssse e o o x =008, i=5 -; E
oo BTIIDITERE +—eyreveestors oo K=013. =4 = 5
OpEGUHEIIEE-++e-eee—yettto oo\ o o e =
1 0O CEIROIIINID —eee 00000000y oo xR 2 S
oo oy x=025i=2 3]
IO TTI Ty g terstens o, e E 10 103 102 10° 1
0 ¢ TN x=040.i=] 2 X
g
N mﬂﬂoﬂ Seer * > * . é
10 U 3 © o x=065.i=0 @
» f(g) >> f(q) at small x!
a = .
i usy
o+ : : . 5 Rich QCD phenomena.
1 10 10 10 10 10
Q% GeV*
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STAR: Large acceptance for
correlation measurements

di-jets/hadron and y-jet

1 - —_
Xl(z) =ﬁ|:pT3en3( n3) + pT4€714( 7)4)]

M = |x,x,s N, + 1N, = InL cos 6* = tanh( s = 5 774)

Xo
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Ag Measurements at RHIC

Partonic Processes

Ag s

detector

Ag *

Inclusive Jet production (200GeV: Solid line / 500GeV: Dashed line)

-1<n<1

particle

10 20 30 40 50

T = 2pr/V/'s
0.7

-1<n<1

0.6
0.5
0.4
0.3
0.2
0.1

0

0 005 01 015 02 025 03 035 04 045 0;5
xT
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Status on Ag Measurements at RHIC

Run9: STAR bottom line is to collect FoM: 6.5 pb-1 (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 data. (Sichtermann, Sowinski, Surrow)

<bos— Projected sensitivity STAR pp—jet+X
0.05F 5ol
T | | ] E
410 - all data sets in 115 0.04f
2 - 4L : e
Ru n6 X x-range: 0.05-0.2 1t 1M - 0.03F
405 _ __ 110 < n.ozi
- 1t ] 0.011
400 1L J s g
r 1F o
.l T 1o oo
PR IR BRI BRI | MU RS S R -0.02
-0.2 0 02 02 0 02
Ru n 9 Agh 1095021 Ag"! 005-02]
03F
A s e e e e e LA B e e F
p|an a10 F —_RrRUN9 HF J15 g
2 [ 1 2 02F
X f ] Ax; F
405 1F q 10 0.1f
o At of
400 | 15 ‘ | _
] 0.1 —:
395 1k I o - - — — - GRSV max.Ag ]
- No2F GRSV min. Ag g
P B U B | S PR B B :
-1
0.2 0 02 02 0 02 10 X 1

Agl+100502] Agh100302] de Florian et al, arXiv: 0804.0422

|
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500 GeV p+p collisions

- [ STAR BB s=s0cevl  STAR Preliminary

cluster <1
— W candidates

jaCObian E —— QCD backg. est.

—— Backg. subtr. Ws
w-

60

40 @
- ©

r =]
20~ °

|
2009 STAR Preliminary
1 1 1 [ | T I 11 1 1 l | T | I 1111
30 40 50 60
EMC cluster E, (GeV)
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d + Au Collisions at RHIC

Barrel
Electromagnetic

Calorimeter

(EMC)

1:[] Solenoid Magnet
OO0 00000

Proje}:ﬁon
X Chamber
i (T

(1) 200 GeV d+Au:

- forward small-x, scattering of
asymmetric partonic collisions

- high-x valence q: 0.25 < Xq < 0.7,
large polarization

— ector — L
= §\_ - low-x g: 0.001 < x, < 0.1
e mers =—— | »Color Glass Condensate: parton
\ = / % - structure function. Theory: x,~ 10
EMS
ooy ﬁ 1 A V— (2) 200/500 GeV p+p:
A =>» Transverse spin phenomena: Siver
FUDDDDDDDDU[E or Collins effects
STAR Run—=8 d+Au Configuration Fundamental QCD issues!
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High-Energy Nuclear Collisions

1
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sQGP and the QCD Phase Diagram

In 200 GeV Au+Au collisions at RHIC, strongly
interacting matter formed:

- Jet energy loss: R,

- Strong collectivity: vy, v,, v,

- Hadronization via coalescence: n. -scaling

Questions:

Is thermalization reached at RHIC?

- Systematic analysis with dN/dp; and dv,/dpresults...
- Heavy quark and di-lepton measurements

When (at which energy) does this transition happen?
What does the QCD phase diagram look like?
- RHIC beam energy scan

Nu Xu Nuclear Physics Seminar, LANL, October 21, 2009 13/33



High-Energx Nuclear Collisions

Temperature

p'
3

T Critical Point?

hadron gas

N 4 e nuclei
=%

M

-

Baryon Chemical Potential

Nu Xu
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RHIC LHC SB Ideal Gas
N\ N\

l E.""""%"";.;%""-.—"‘-‘..3 ug-- -~ = [~ s i-n-‘L.E
2 L e
€ I i
a. 0.5 - o =
N T . . : : : :
0 I-| ||||J 1 Illlld 1 Illlld‘ 1 llllllj 1 Illlld. 1 llllld 1 llllld‘ 1 IIIII". | ||||-"
1 10 100 1000 104 108 108 107

T/T,
1) At ug= 0: cross over, 150 < T, < 200 MeV
2) The SB ideal gas limit: T/T ~ 10
3) T, (LHC) ~2-3*T,,;(RHIC)

4) Thermodynamic evolutions are similar for RHIC and LHC

Zoltan Fodor, Lattice 2007 i
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Search for Local Parity Violation

in High Energy Nuclear Collisions

<cos(¢a + @5 — 2‘IJRP)>

Parity even observable
Voloshin, PR C62, 044901(00).

L

orB
%0
e

) l

The separation between the
same-charge and opposite-
charge correlations.

- Strong external EM field
- De-confinement and Chiral
symmetry restoration

STAR; arXiv: 0909.1739 (PRL); 0909.1717 (PRC).

IIIIIIIIIIIIIIIIIII

~STAR AuAu 200 GeV]
¥ HUING

s HIJING + v,

» URQMD

= MEVSIM

—— same charge

— opp charge

40 30 20 10
% Most central
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=y Search for Local Parity Violation
in High Energy Nuclear Collisions

Animation by Derek Leinweber : "
Topological transitions have never been

" observed directly (e.g. at the level of quarks

in DIS). An observation of the spontaneous

strong parity violation would be a clear proof

for the existence of such physics.

UL L I I S
~+STAR AuAu 200 GeV| _|

v HIUJING -

A HIJING +v,

* URQMD

= MEVSIM

Chiral Magnetic Effect:

Kharzeev, PL B633 260 (2006).

Kharzeev, Zhitnitsky, NP A797 67(07).
Kharzeev, McLerran, Warringa, NP = ]
A803 227(08). 0.6F / oo e
Fukushima, Kharzeev, Warringa, PR 70 60 50 40 30 20 10
D78, 074033(08). % Most central

—— same charge
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e f Partonic Collectivity at RHIC

\/SNN =200 GeV "’Au+'°"Au Collisions at RHIC

D L
25 [~ (a) Light quarks 11 (b) Strange quarks
- PHENIX: nucl-ex/0604011 1l STAR: preliminary
-l QM 0907.2265 +
6,.—4'A'%"A'A _____ | , _+ ..........
v O B
Q§ """ 'OQ)'O """"" 1 O—---¢ ------------
Oy O
IA i '
Onx .
A p
7777777777777 I R

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

=> Collectivity developed at partonic stage!
=> Step forward for understanding the EOS at RHIC
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To be submitted to Science magazine

. . 3771 3771 +
) ~H—
First Observation of 1H—"He+x
AuAu200_Combined_Anti-iH_candidate
§140:_—& LI | LI [ LI | LI | LI | LI I LI | LI | LI [ T 4—_: 200 GeV Au+Au COIliSiOnS at RHIC
(] - -
© 120 STAR Preliminary -
1001 =
80 B
60 :_ ¥ —~ 450¢ T T ' T ' T
- L woE - STAR Preliminary
40— » signal candidates + :; 350 - PRD1, 66(1970)
- &= - PR180] 1307{1969) NPB67, 269(1973)
20— —— rotated background % 300 “PRuzo.s1s(1ses] T STAR from A
B e TERPPS RS P « ST JN S
LAl L1 1 [ 11 1 | L1 1 I L1 1 I 11 1 I L1 1 | L1 1 I L1 1 [ — 250 ; J_ T —:
£94 296 298 3 3.023.04 3.06 3.08 3.1 3.1 200 - i STAR 3
*He + 1* InvMas RES ; NPB 16, 4618707 T ;
150 E i =
~ PR136| 6B(1564) -
) . 100 ----free A —
First observation of = 7 .
. S0 —
an anti-hypernucleus = | TRt
oF . . 3

World data
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Observables for QCD Ceritical Point
7 ) 11
° xq,Tﬂ E§§§ ::.: 0.; - xs,Ta nqlT=0.0 —
d 08 Tt
0.7
. \‘\‘ 06}
3 | 05}
4 04
2+ —1 | 03l
1 02+t
T [MeV] 0.1 T [MeV)
0150 200 300 350 400 0150 200 350 400 450

- 00—
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High Moment Analysis (BES)

Net-protons, Au+Au 200 GeV STAR Preliminary, QMOQ
ly] <0.5,0.4 < p, < 0.8 GeVic
3 T T T T T T T 4 T T T T T T T 2.5_ _ . .
N> =C TN Ny | o[ ©=INC o,oao]\/Npafi_...i-'~‘_‘ -p - P : STAR Preliminary
2k " | ‘% ] Q [
~ v O 2+ O Au+Au 200 GeV
. . ] 2_ - — -
i _..*"“# | i }"“ ] % - [J Au+Au 62.4 GeV
! w*" Mean " Standard deviation| = [ & Cu+Cu 200 GeV
id 1 F 1 $©1.5- /v Cu+Cu 62.4 GeV
ot 1 11 b 1 1 > L
0 100 200 300 400 100 200 300 400 X B
15— 3 T 1 N -
B Y= Yoos0 | NC Noan _ E K = Kzo0% / C Nygy 0 1 -
1.0 2 ] o -
I STAR Preliminary 1 L :. E t :
0.5f i 1_,}. Kurtosis - g 0.5
0.0 F‘""*n%---..‘....*...#..._. - **‘-¥' 1 -
i Skewness | of B L | | | 1 1 1 |
! I i I I | : ) | " I i | ! 1 L1 11 L1 11 1111 ) N T N T T 1111 11 11
0. T00 200 300 400 T00 200 300 400 0 0 100 150 200 250 300 350 400
part part N

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...

1
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)] Run10 Physics Programs

RHIC cool down early Dec.
STAR shift starts Dec. 15t

Beam Energy 25 cryo- 30 cryo- 20 cryo-
(7 week CR | "SI

Thermalization

62.4 4 4 J/W v, m

39 1 1.5

27 2 4.5 BES programs,
18 0 1.5 Tz, phase
115 2 2.5 2.5 boundary
7.7 1 1 2.5
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STAR Detector

DAQ1000

23/33

HLT HFT
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o § STAR: Physics with ToF (010

1) Significant improve PID. With TPC, PID will be been

extended to pr~ 15 GeV/c
2) Correlations with PID hadrons; resonances (up to Q); trigger

with high p; hadrons ...

3) Beam energy scan program: event-by-event K/t analysis
and net-p Kurtosis

4) 21 electron and di-electron analysis; heavy flavor program

4 STAR TOF STAR TPC+TOF

Entries 386517

K-8% I70
K +8% 170 o'

1

T S T
Momentum p (GeV/c)
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STAR High Level Trigger

Run9 p+p 200 GeV, May 19 - 25

- 1
60 Jy o
- - unlike-sign
S0 - like-sign
40
30F
201
10;—
S N T T T
1 2 3 4 5 6 7 8

M. (ee) [GeV/c?]

1) Fast filtering for quick data analysis. Run10: try J/y v,
2) Online QA
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p
1 o ¢ J/W
( ) o, m l 1 DY, charm Bk 1
2 V -1IIIIIII|'||||||||||||IIII|||||||I|||||]||||
(2) V2 o i bias Autau ot Sy = 200 GeV
(3) R = DATA 70— yee JIW > ee ]
AA 102} IvI<035 --- M > yER ¥ ee —
p Pr>02GeVic __ ., ee -- T - ee (PYTHIA) 3
p p->ee oo cC —» ee (random correlation)
10 ® > ee & iee PHENIX: 0706.3034 =
=== ¢ — ee & nee .
10" —~
10° -
10° ?;
107 "
, ——
m,, (GeV)
pr (GeVic)
\&

The di-Lepton Program at STAR

v’ Chiral
Symmetry
Restoration

v Direct
Radiation from
The Hot/Dense
Medium

* ToF Crucial for
the physics.
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~ " ™ [ ] [ ]
Direct Radiation
- : Di-leptons allow us
> Vs=200 GeV Au+Au (10%) ot at RAIC and LHC! to measure the direct
o Y 4ing partonic matte radiation from the
g Expan matter with partonic
— degrees of freedom,
.
El-_.; - i d:>o O O Vs=17.2 GeV Pb+Pb (10%) no hadronization!
(é) &AAAAQ ¢ O + - Low mass region:
Y A 4“ p, ®, ¢ = ee*
8 ' + * + m,,, = e-e*
Q ° A Vs=17.2 GeV In+n (dN,, /dy > 30 medium effect
Q s=17.2 GeV In+In (dN,,/dy > 30) Chiral symmetry
O 0.1
D MR IMR . -
N plo ¢ - High mass region:
n K PAEZE QD A Jhy iy Jp = ee*
0.0 m.. . => ee*
05 1 15 2 25 3 35 4 g
Direct radiation
Mass (GeV)
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STAR: The Sea-Quark Program on

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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STAR: 500GeV Low-x Program

STAR East Barrel - Endcap STAR West Barrel - Endcap
002 [ H . H H 002 [ . H H H H H H .
:_ . i s iat4 r 1 : NLO r _): _): . : :. H )
0.06 Projected sensitivity STAR pp — jet+X . | o 30(1 pbO ~-- GRSV std [ p+p - jety*jet,+ x|
E 4 200GeV/50pb! 60% R 0015+ = (P=70%) |- 0.015 Y Al
0.05 B o ~ e DSSV [ NS =500 GeV e
- v 500 GeV/300pb”'70% o S Lo et
- — . GRSV-std - C S
0.04E DSSV > A 0.01 A 0.01 ¢
003 ——GSC P LL LL
A E — . GRSV-std o 0.005 L
0.02F — DSsv A : 0.005
001 . 0 of
0 _;__{.__ — A I R A N L
ooiE -0.005—_1_:o<w:13<:2.o,:-1.o:<n4<o: e -0.005 1.0<15 <20, o<n4<1o .
TE P N Y Y U DU R P PO T PR T PR T PO PR P
0020ty b b bl il | 0.04 008 012 016 020 004 008 012 0.16 0.20
0 0.05 0.1 0.15XT0.2 025 03 035 04 M/\s M/\s
STAR East Barrel - East Barrel & West - West STAR East Barrel West Barrel
0.02 —— 0.02 —
C Scale uncertalnty
. .. - | GRSV std
1) High precision at Vs = 500 GeV 0015 00151 sy

at small x, ~ 300pb-" 0.01 0.01f
ALL AL
0.005

: 0.005}
2) Inclusive Jets :

Z-1<n3<0 1<T]4<0
—O<”r]3<1 0<TI4<1

3) di-jet -0.005
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=25 STAR: Muon Telescope Detector o1z

sssssss

4 N
beam pipe TPC | | TOF EMC | | magnet MTD
° \@
© -‘w_‘/
P ~qC
)S( ¢
— et > SSBETENS
R\ |74 o © G
= ¥ ©
! s Z ¢ © i))) ®
7 W
= : o6 -
\ f/‘\' oO ® © .'
A= + Lo of @%E,g
/"|_|"\. © o o 7
& o] )
MUON TELESCOPE DETECTOR FEB. 27, 2007 MTDO10.DWG
L J

Muon Telescope Detector at STAR:

1) MRPC technology; p, ~ 45%; cover ~60% azimuthally and |y| < 0.25
2) TPC+TOF+MTD: muon/hadron enhancement factor ~ 1023

3) For trigger and heavy quarkonium measurements
4) China-STAR collaboration: a proposal will be ready in mid-Sept.
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HFT: 2012-2014

1) Two-layer thin CMOS pixels;
one-layer strips; SSD

2) First layer at 2.5 cm from
beam pipe, 2pi coverage

3) Resolution~20um

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

~

/

Nu Xu
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-3 HFT. Charm Hadron v, and Ry,

200 GeV Au+Au Coliisions at RHIC ' 200 GeV Au+Au Coliisions at RHIC

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

Hydro model prediction
(mass(D®) = 1.86 GeVic?) .
N,;, scaling

e ++t(c) o
."‘..' +

Charge hadron R,

0.1 O Expected errors on R,(D°)

—
X
~—
N
>
| —
O
—
()
£
©
-
)
o
>
Q.
o
-
O
2
C
<

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

- 200 GeV Au+Au m.b. - 200 GeV Au+Au m.b.

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

drag/diffusion constants =

- Energy loss mechanism!
Medium properties! - QCD in dense medium!
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STAR QCD physics program for

the next decade:

Spin Physics:
- 200 GeV: Ag inclusive and di-jets, Y-jet
- 500 GeV: sea quark helicity distributions
- 200/500 GeV: transverse spin phenomena

Heavy lon Physics:

- Thermalization at 200 GeV; m_,
- QCD phase boundary and critical point
- In medium properties(?)

Low-x Physics:
- Study gluon-rich phenomena at RHIC
- Color glass condensate
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