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*TA R STA R D ete CtO I'S Fast and Full azimuthal particle identification
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TPC TOF (1< <4)
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HFT 2013

FGT 2011
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STAR Physics Focus

Polarized p+p program
- Study proton intrinsic properties

T

T (k)

Parton Gas

BFKL

DGLAP

InA? Ink?

an2

Forward program
- Study low-x properties, search for CGC

- Study elastic (inelastic) processes (pp2pp)

- Investigate gluonic exchanges
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1) At 200 GeV top energy
- Study medium properties, EoS
- pQCD in hot and dense medium

2) RHIC beam energy scan
- Search for the QCD critical point
- Chiral symmetry restoration
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STAR BUR for Runs 11 and 12

Run Beam Energy Time System Goal
vsyy= 18,27 GeV* | 2weeks | Au+Au | 100, 150M minbias
_ 200M minbias
VSyy = 200 GeV 4 weeks U+U 200M central
11
5 weeks Py Py trans. P2*L=4 pb
/s =500 GeV 6 weeks P_ P long. P2*L=20 pb-'
1 week Py Py pp2pp at high B*
_ long. P2*L= 50 pb-'
1/8 =500 GeV P_ P P4*L= 15 pb_1
or 10 weeks or
12 %] — 1
_ o Py Py trans. P#*L= 8.5 pb
Vs = 200 GeV P_ P long. P#L=4.3 pb
3 U+Uor [3.5nb' U+Uor
Vsyy = 200 GeV 10 weeks AUAL | 5 b AutAL

* Request a CA-D test to determine the lowest possible collision energy at RHIC

** Request complete the Run 9 spin physics goals at vs = 200 GeV
*** Depends on the out come of Run 11 U+U commissioning




) . Selected STAR Spin Results

STAR W Program:

- Mid-rapidity W program (-1<n<1):
BEMC and TPC
- Forward/Backward W program (1<n<2):
EEMC and TPC / FGT (Installation in 2011, ready for Run 12)

. ______________________________________________________________________________________________________|
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. | N€ First W Asymmetry Measurement

Counts

60

40

20

80

AL determination
u /Au (d /Ad)

’ l I €

‘ Versus V.I{_j_..(l./‘./._.) AW — 1 N+(W) - N~ (W)

> @ LT PNIW) N (W)
T2

Ad /d (A /)

- Run 9 STAR Preliminary \Ef 500 GeV
[ ptp > W e’ +v,
- positron |n|<1

— w" candidates
—p— Backg. est.

—4 Backg. subtr. w*

1) First measurement A via
parity-violation in polarized
proton-proton collisions.

2) W*: Observe directly u quark
polarization!

software threshold

EMC cluster E; (GeV)

Nu Xu
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e The First W Asymmetry Result

Parity-violating single-spin asymmetry A. for W*/W-

Ay—zl(%_ﬁ) Agvgl(A__d_%)

2\ d U

Y,

A, [ STAR Preliminary Run9 \s=500 GeV
B oW ety STAR Preliminary Run 9 (p+p Vs=500 GeV)
04— E7>25GeV
: w- Ap(W™) = —0.33+0.10(stat.) + 0.04(syst.)
0-2__ prassess— _ +0.04
i . Ap(W™)= 0.18£0.19(stat.) 5 os(syst.)
S — A=555
O] :
: ....... , : — DNS-K
--------------------- —— DNS-KKP
025 dotonan s momeons 1) TPC charge separation works up to pt~ 50GeV
2) Measured asymmetries are in agreement with
w- o W theory evaluations using polarized pdf's (DSSV)
poazaonsnd backround ] constrained by polarized DIS data.
2 -1 0 1 2

lepton
I —
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Yrar Run 11: Spin Request for W

Parity-violating single-spin asymmetry AL for W*/W-

= — - A — -
Ar L 2 d U

Prpo W Set+v Aﬁﬁ
Er >25 GeV

2) STAR Projection for A, :
100 pb-1
50% or better polarization

:=i_ " 2) Significantly improve mid-y W
_ e statistics

nsl e — DNS K
0.5 sems = DNS-KKP —I__
| Dssws L
deFlorian & Vogelsang assumed 5% syst. arror

| ---I- — DSSUUSI ofmml beam pol. |

-2 -1 0 1 2
lepton n
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*TAR

1)
2)

AN(t) =

pp—pp at\s=200 GeV

=Cidp, ¢
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-0.1269 + 0.1199
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0044 N\, = ----- With Hadronic Spin-flip (r5 fit)
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C r
0_ L M ly L
0 0.01 0.02
-t [(GeV/c)?]

Im(rs)
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STAR pp2pp Results

Central production: glueballs in Double Pomeron Exchange
Elastic scattering: hadronic spin-flip amplitude

a'(t)-o' (1)
o' (t)+ o' (1)

flip Tnon- flip

STAR: RHIC 2009

ntou ré

1-30.¢

N

(statistica

9,
- 7

0.14-0.12 -01 -0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08
Re(rs)

The 200 GeV data limited sensitivity for spin flip. In 500 GeV collisions, the -t
range will be expanded to 0.15 (GeV/c)?, more sensitive to different model

predictions.

Nu Xu

BNL PAC, June 21 - 22, 2010

10/34



¥4 Run 11: Transverse Spin Request

0.8

0.6

0.4

0.2

063 035

Projected n SSA Errors for 20 pb-

Asymmetry vs Feynman Xg
(Projections for 6 Gev/c < Pt <9 GeVl/c)

1T T

4 200 GeV STAR (Run 6 preliminary result)

500 GeV STAR (FMS 20 pb™? projection)

|
}l x + Lr J

+
Error Estimates

N | [ENEEI ANEE R AN SN AAT AT AT AT A A

1 1 II 1 1 1 1
04 045 5 055 06 065 0.7

0.
Xe

1) STAR preliminary results show
that in 200 GeV p+p collisions,
n-meson single spin asymmetry
A\~ 0.6 at x; ~ 0.65.

2) STAR will make a similar
measurement for 500 GeV p+p
collisions, with much greater
precision.

3) Run 11 request: 20 pb-' and
polarization ~ 60%

Nu Xu
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*TAR

Selected STAR Heavy lon Results

Nu Xu BNL PAC, June 21 - 22, 2010 12/34



) Net-proton High Moments

STAR: 1004.4959, PRL

ug (MeV) 1) STAR results* on net-proton high
720 420 210 54 - 20 10 moments for Au+Au collisions at
3 [~ o STARData Au+Au Collisions  — Vsyy = 200, 62.4 and 19.6 GeV.
O AMPT
" A AMPT(SM) 0'4<FT|<2'2(GQV/C) 2) Sensitive to critical point**:
B y|<O0. —
— = Hijing — 2 2 3 45 4 7
Nb 2 |— ¢ Therminator — <(6N) >z§ ’ <(5N) >z§ ’ <(5N) >z§
o — O UrQMD % -1 || 3) Direct comparison with Lattice
i m 7 ] s
g [ O I----D ------------------------------- TR
T il . .71 Il 4) Extract susceptibilities and freeze-
3456 10 20 30 100 200 out temperature. An independent
\ [—SNN (GeV) test on thermal equilibrium in Hi

collisions.

Estimated errors in Au+Au collision :

* STAR: 1004.4959, accepted by PRL.
0 Run 10: 7.7, 11.5, 39 GeV ** M. Stephanov: PRL,102, 032301(09).

B Run 11: 18. 27 GeV ***R.V. Gavai and S. Gupta: 1001.2796.
. ’
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.~ ldentified Particle Fluctuations

10 N B NA490 - 3.5% Pb+Pb
- Y% STAR 0 - 5% Au+Au
s ® UrQMD 0 - 5% Au+Au STAR Accceptance
6 _—
(KH+K)Y &
(m+1m) sS4l 8 *
i o
2 I
0 i 1

K/t fluctuations

1) STAR: Full PID, large acceptance uniform over Vs,

2) Accurate and differential measurements: error estimates from
Run 10 data

Nu Xu BNL PAC, June 21 - 22, 2010 14/34



Yrar__ First Observation of i#—=>"He+ '

SCienC% Research Article

Observation of an Antimatter Hypernucleus
The STAR Collaboration*f

" 200 GeV Au+Au collisions at RHIC
i : - Equilibrium of s-quarks
: - Thermal models (Stachel et al. )
7)) 100 =
t .
- 450
g 80 . PR180,1307(1969) :
O 60 ; ) PRDA, E
: ) > /(I? _ » 66(1 978:35 i
O | didat 8 = 67, =
40 signal candidates 3 (= A iy LN
- rotated background _ GE) 3005— 819(_;_ 968) “l' STTAR ;
d --- - signal+background fit = 250F | L | —m | 3
O i | ] QD - t l T ]
— 200 NPB16, =
295 3 3.05 31 T 28 ral ]
He + rt* Invariant mass (GeV/c?) =~ ™°F R
) . i 100:_ -STAR free A
- First observation of the anti-hypernucleus sof I Dalitz, 1962
- Lower energy, higher baryon density. - e i I i
Run 11 request: Beam energy dependence
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Yerar  Oe€arch for Local Parity Violation

in High Energy Nuclear Collisions
o B <cos(¢a + @5 — 2‘IJRP)>

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

STAR; PRL103, 251601(09); 0909.1717 (PRC).
x107

AN

o 04F ~+ STAR AuAu 200 GeV| _|
T v HIJING

H - A HUING +v,

N

® uRQMD
= MEVSIM

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

—— same charge

— opp charge

70 60 50 40 30 20 10
% Most central

- Strong external EM field
- De-confinement and Chiral

symmetry restoration Run 11 requests:
z Y Beam Energy Dependence & U+U
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e Systematic Results on Collectivity

\/Syn = 200 GeV Collisions at RHIC
T T T

I Cu + Cu Au + Au I & 0_35— HYDRO (EoS H)
0-20%  20-60% 40-80% 10-40% 0-10% 0 >N -
~ 04} . . . v N KS - 0.25F _ zero mean-free-path?
o 44 N e F P e
\,,:z: OB S part o > 2.3
S 03} *i% + % %326:6 0122001 | 0'25 { )Oé%b
- b g e ~
c” 02F QO 4227 o:sazo:oz {1 STAR: a & Qj} 2 ntr
Ny + 1T e | PRLO2 052302(04) I %@;@% central U+U
SNooaf | PRL95. 122301(05) 0.05f
N ) PRC77, 54901(08) OE | | l?allistic: expansion v
o pf o Ceneeenden | PRC81, 44902(10) 0B Y0 S 20 25 30 35
0 05 1 1.5 2 1/S dN _, /dy
(m_-m)/ ng (GeV/c?) Results:
Vs\ = 200 GeV "¥’Au+'%"Au Collisions at RHIC _ .
— ‘NN\ — T T T} 1) Partonic CO”eCtIVIty at
25 [~ (a) Light quarks (b) Strange quarks RHIC
6,_.4-&?--&# ------ AT 2) Number of constituent
Oogg ------ OQ O ' quark scaling — partonic
'S degrees of freedom at
On play
A
fffffffffffff P st 4 = Run 11 request: UU
2 3 4 50 1 2 3 4 5 collisions test the hydro

Transverse Momentum p-. (GeV/c)

limit, LPV, ...

Nu Xu
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7. Run 11 Request U+U Collisions

U. Heinz et al, PRL 94, 132301(05)

°
F

S ) 100 — u 200
Q - -19 -3
S o35 U+tU0-1%ZDC ! — ¢ (GeV fm ]
{? - Dataset: U+U 200M 0-10% 0! 3 ) s
Q_l_ 0 3 :_ 80 B S() (fm ) S
i T I U + U central 150
oc : e« i
0.25 £ 60 0 -
B > | 100 €
0.2 __ )] .
- Z 40} “
= S Au + Au
0.15° L
- 50
0.1 201
0.05 . | . | | 1
= 0 100 200 300 400 500
_ 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 N
oo 650 700 750 800 850 900 part

Uncorrected dN , /dn

1) Significant increase in energy density for hydrodynamic studies
2) Prolate shape: path-length dependence of E, ., at much higher density

3) First run from EBIS likely to be moderate intensity.

Run 11 request: 200M MB and 200M central UU collisions.

Nu Xu BNL PAC, June 21 - 22, 2010
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- Status of NPE from p+p Collisions

— T T T T T T T T T T T
b) STAR Preliminary

— 1. ' 1 T T 1 T T '
a) Global uncertainty: 8.1%

®  this analysis

a0t - ¥  STAR: PRL 98(2007)192301 %: - .

L LFRa A PHENIX: PRL 97(2006)252002 a .

©10° < 4 4 _
o = h FONLL = =z 4—

2  r ®owy - FONLL uncertainty - o — -

E107 i 5 w

- ; = 8 ‘

2107 4 8 LN + i

: : 2-% H -

ool | e Ve L [

9 STAR Preliminary e L I U s ]

10 : . L ]

TR N TR SRR SR NN TR SR S N SR SR i o] e 0 | | | |
2 4 6 8 10 2 4 6 10
P, (GeVic) P, (GeVic)

STAR Heavy flavor decay electron (p; > 2.5 GeV/c) differential cross
section analysis:

1) An error in the efficiency correction in 2003 data analysis identified.
2) New results from 2005 (SVT), 2006 (SVT) and 2008 (no SVT) are
consistent.
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*TARW
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1) Run 8 data, scaled to Run 9 and 10 statistics
2) NPE measurement up to ~10 GeV/c.
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Y Status on Jet Reco. in A+A collisions

. 5 <
STAR Preliminary (3 Au+Au and p+p at\[s,=200 GeV/c
Au+Au: 10% most central —o— kt R=0.4
< anti-kt R=0.4
i 1 - kt R=0.2
. STAR Preliminary =" (2207

: Run 10

C—

! O\ _+_

Inclusive Raa+—_~

10-1 llII lllll lIll lllll llll ‘lllll
10 15 20 25 30 35 40 45 50

pf‘ (GeV/c)

1) Jets are seen in Au+Au collisions, extended the kinematical reach to jet
energies > 40 GeV in central Au+Au collisions at RHIC

2) We see a substantial fraction of jets - in contrast to x5 suppression for light
hadron Raa

3) Run 10 statistics: a factor of 40 increase
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) . Di-lepton Program at STAR

%‘QE""I""I""l""l"ll||||||...,|,,II§
5103 ;— * STAR p+p @ 200 GeV _;
§ ; 107M |y|<1 :
Z10°ES, _
X * ‘ (\J -
mé— "H'?T h '? (e\‘\m\(\a _é
L PM%Q?\? :
I Tyt uﬁ {3
101? T T T— .
10‘2;_ | L UL 11111HHIHHHHIHH—;
0 0.5 1 1.5 2 2.5 3 3.5 4

M,. (GeV/c?)

1) Run 9: 200 GeV p+p collisions, 75% TOF installed.

2) STAR will do the di-electron analysis for Au+Au collisions data from
Run 10 with 100% TOF.

3) Run 11 request: 150M events from 27 GeV Au+Au collisions.
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*TAR

Results from Run 10

. ______________________________________________________________________________________________________|
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Yrar Run 10: 200. 62.4. 39. 11.5 7.7 GeV

A great success, many thanks to CA-D!
‘mb | ]

o 45010 x10° 30019
5 F el | - | |
§ “:200GeV,MB | F 624GeV,MB . |x 39GeV,MB -,
T T T S e A - ‘ ‘ ] - ‘ ‘
300 ‘ o S R 200~ ‘
250 %“ 190 ? 150 f—
200~ : : 8o | | - :
150 | | 60— S 100 |
wi 4 355MMB | o/ 170MMB | | /| 250M MB
b/ HT 2.6nb™ | 2f /o HTA175ub? | | HT 62 pb-
= H‘HHHHHm‘mHHHHH‘HHHHWHHHHHHWHHHMHH s N L 07\ L L [ T
TR 7 P YV R VY Ty S VY TP ggl/lng ;Mar 25 Mar o ;\pr o ;\pr 15 .28 APF 15 Apr 22 Apr 29 Apr
916:15:01 2010
@ oF ‘ C
2 - 7.7 GeV, MB
i o 115Gev,MB | [ 7.7Ge , MB
= E : :
E 6; S
3 5 r
45— 3? """"""""""""""""
3; 2; """"""""""""""""""""
2f : . : :
i | MMB | oo ~ 5M MB
270,\;51 ‘ ‘ 03 ‘;un T o oD hprSalhpr Oy Iy Oy STy Ga:
910:00:11 2010 4 2010 day

1) Successful run, all goals were reached or exceed
2) Many thanks to CA-D
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) Run 10 Performance

Vs, = 39 GeV Au + Au Collisions
X1 0-6 TP C Entries 1.98264 TPC + TO F

40 ERIe S CAU

Mean y 28

Au+Auf(739,C-?|:er\/E g

35 A T
o [

25
20
15

105 0 05
rigidity

Beam Energy Timing Resolution Remarks
200 (GeV) 85 (ps) At 39 GeV, using a new calibration
scheme without information of start time
62.4 (GeV) 90 (ps) from VPD, 87 ps of timing resolution
39 (GeV) 85 (ps) has been achieved.

C_______________________________________________________________________________________________________|
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) . Collision Centralities

Au + Au at Run1i0, IvZI <50 cm

= 1 : Data MC | *'|v2|<|7o om 3
1L - 7.7GeV*  ——77GeV for7.7GeV |

O 107 . 11.5 GeV 7.7 S8 -
2 , ; o gg ?%VV — 39 GeV :
2 i 4 Ge B

o 107} 200 GeV
S~ u 3
= 1 0-3 3 =
2 : ;
N -4 | ]

£ 107 ¢
Z° 105t :
< 107 F .
T ~ ]
— 1 0_6 = ! : | ! :. L LaeReT | [ . S

0 200 400 600

Uncorrected dN/dn Inl<0.5

1) Collision geometries at different energies are under control
2) Run 11 request: 18 and 27 GeV Au+Au collisions
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Particle Identification at STAR

*TAR
a

40000

Vsyy = 39 GeV Au + Au Collisions

r 225000
- 3 r M
35000 8 I ( \y—ﬂ“" ol
30000F S IAX 20000_—....4). > //
25000 L
- ¢ 15000 /
C r o~
20000 ; K [ :
[~ .
& + o
1 o 10000 &
5000w d T
Co i Tl N : »
10000 : [ e
C 5000
5000 C
C e
Paz— 046 oss 0.5 052 054 099 1 101 102 103 1.04 105 106
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= 10000, 500,
500001- s 9000F . F
- A {\ 8000) \ soof- - 2
40000~ ~o0ok ﬁ : f\‘
C } x E \ 400[- ‘
E 6000 r '
30000[- g * C \
5 / k 5000 \ 300(— 44 +
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20000 e T 4000k ‘ ? w }iﬁ*‘; ¢
e E 200 IhCE S S (et
: 300cE ; \ F T
10000 2000 / \\ r + % 140,441
C E 100
- 1000 e i N r
fos 1 etz as a4 143 29 13 131 132 133 134 135 136 0"363 164 165 166 167 168 160 1.7 171 1.72
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\ Invariant Mass (GeV) y
N /4
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*TAR

STAR Upgrades

. ______________________________________________________________________________________________________|
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) . STAR Upgrade Timeline*

Upgrade Completion Key Physics Measurements
(a) Trans. Asymmetry at forward-y
FMS Completed 2008 (b) CGC
TPC DAQ1000 Completed 2009 Minimal dead time, large data set
MRPC TOF Completed 2010 Fast PID in full azimuthal acceptance
FGT Summer 2011 Forward-y W+ for flavor separated

Ready for Run 12 | quark polarization

(a) Precision hadronic ID for charm
Summer 2013 and Bottom hadrons

HFT**
Ready for Run 14 | (b) Charm and Bottom hadron energy
loss and flow
MTD Summer 2013 (a) High pr muon trigger
Ready for Run 14 | (b) Quarkonia states
200’ Summer 2014
PP=pP Ready for Run 15

. ______________________________________________________________________________________________________|
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*TAR

Forward GEM Tracker

o
2
' I

A, STAR Projections LT=300 pb™ pol=0.70
AL=_

Ptp o W: Set+y
E7 >25 GeV

........

-0.5

=== )

W- W+ RHICBOS

-ess — DNS-K

=s=s —— DNS-KKP
-ees ——DSSVO8
deFlorian & Vogelsang assumed 5% syst. arror
. I N — DSSVOBI ofmowndl beam pol.

-1 0 1
leptonn

2

1)
2)
3)

1)
2)

3)

FGT: RHIC MIE project

Six light-weight triple-GEM disks
New mechanical support structure
Planned installation: Summer 2011

Full charge-sign discrimination at high-
pT

Design polarization performance of 70%
or better to collect at least 300pb
Ready for Run 12!

Nu Xu

BNL PAC, June 21 - 22, 2010

30/34



¥rar____Heavy Flavor Tracker at STAR

dy

o

Precision measurement HF hadron
energy loss and collectivity



.. OITAR: Muon Telescope Detector

\
beam pipe TPC | | TOF EMC | | magnet MTD
O ©
(e) -‘w_‘/
P ~qC
)S( Q
o > ST
i i o ©
N2 O A (©) Nt
/ S ZH: \ © i))) ®
7 W
- i {OH 4 :
\ /e ©/le oI
I_I @ o o /
4 9 o
MUON TELESCOPE DETECTOR FEB. 27, 2007 MTDO10.DWG
J

Muon Telescope Detector (MTD) at STAR:

1) MRPC technology; y, ~ 36%; cover ~45% azimuthally and |y| < 0.5
2) TPC+TOF+MTD: muon/hadron enhancement factor ~ 1023

3) For high pr muon trigger, heavy quarkonia, light vector mesons, B->J/®%+X
4) China-India-STAR collaboration: a proposal sub. to BNL 02/2010.
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®rar___ Summary 000

1) Spin Physics
- W* A at mid-y (2011) and forward-y (2012)
- Light meson A at forward-y (2011)
- DPE and hadronic spin-flip amplitude
- Ag measurements at 500 GeV (2012) and
200 GeV (2013)

2) Heavy lon Physics*®
- Complete BES at 18 and 27 GeV including di-electron
program at STAR (2011)
- U+U caollisions: hydro limit, LPV, path length dep. (2011)
- High luminosity AA collisions (2012)

* Request a CA-D test to determine the lowest possible collision
energy at RHIC
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STAR BUR for Runs 11 and 12

Run Beam Energy Time System Goal
vsyy= 18,27 GeV* | 2weeks | Au+Au | 100, 150M minbias
_ 200M minbias
VSyy = 200 GeV 4 weeks U+U 200M central
11
5 weeks Py Py trans. P2*L=4 pb
/s =500 GeV 6 weeks P_ P long. P2*L=20 pb-'
1 week Py Py pp2pp at high B*
_ long. P2*L= 50 pb-'
1/8 =500 GeV P_ P P4*L= 15 pb_1
or 10 weeks or
12 %] — 1
_ o Py Py trans. P#*L= 8.5 pb
Vs = 200 GeV P_ P long. P#L=4.3 pb
3 U+Uor [3.5nb' U+Uor
Vsyy = 200 GeV 10 weeks AUAL | 5 b AutAL

* Request a CA-D test to determine the lowest possible collision energy at RHIC

** Request complete the Run 9 spin physics goals at vs = 200 GeV
*** Depends on the out come of Run 11 U+U commissioning




