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Spin Structure of the Proton

polarized DIS: 0.2~0.3 poorly constrained
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polarized PDF : \
P okt "\
- Q=25 GeV" XAQ(X) | - N
s ‘_ RHIC Spin
oo change sign XAQ(X) .

three recent DIS fits of equal quality:
- A6 =0.13+£0.16

d Leie_reta'/\ _ 4G-0006  [-0.6,0.3]
Y m— - s — AG =-0.20 £0.41
T allat =1 GeV’ lo
0.01 01 X Leader et al., PRD 75, 074027 (2007)
first goal of the RHIC Spin program:
determine thegluon polarization distribution
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Polarized p-p Collisions at RHIC
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for most RHIC kinematics gg
and gq dominate — A, for jets is
sensitive to gluon polarization
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AG < -0.7 excluded with 90% CL
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Other Global DIS Analyses

CL STAR 2006
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/
. « 2005STARdata excluded a broad range of
measurements sensitive modelswith AG larger than GRSV-std

over this range of X, « Counter-example: GS-C — nodeearx ~ 0.1,
large positiveintegral at small x

GS-C: Gehrmann & Stirling
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First Global Analysis with Polarized Jets
- clie IIZIoriarll etlal.l, arXiv:0804.0422 DSSV
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* First global NLO analysis to incorporateinclusive DIS, SIDIS, and
RHIC pp data on an equal footing

* Nodein gluon distribution near x ~ 0.1 — opposite phasEom GS-C
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Near Future: Di-jets andlg(x)

jet cuts:
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di-jets: direct access to parton kinematics at LO
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200 GeV di-jets dominated
by g-g scattering

g polarizations large

FoM = PAL = 6.5 pb?

data: 50 pbt of 200 GeV p-p collisions with 60% polarlzatlon
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A\ 2006 Final Results — FPD

X; dependence of A for forward mr production

Ay p+p —> 7w+ X at vs=200 GeV L bital |
0150yl C arXiv:0801.2990 , Orbital angular
| Left P Right T e (HERMES fit) momentum
0. | { | twist—3
semstien /L STAR some aspects of
. py mass (Gev,/c™) M L
0.05:— <n>=3.7 , _ <n>=3.3 T AN Sseem We”_
oF T comege 'SR A understood
_}fn-i I g 5
R T

C. Kouvaris, J. Qiu, W. Vogelsang, F. Yuan, PRD 74 (2006) 114013
M. Boglione, U. D’Alesio, F. Murgia arXiv:0712.4240

SIDIS measurements and forwardmf, mt data have small kine overlap, but...

most features of RHIC A (X;) data described by phenomenology from SIDIS
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A\ 2006 Final Results — FPD

first p; dependence of { for forward mr production

Ay p+p— +X at v/5=200 GeV
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| data-driven problem

FMS and RHIC Il

pr dependence of f at fixed xg not explained

Sivers: A, should decreasavith increasing py
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pp2pp: Tagged Forward Protons

. Elastic and inelastic hadron diffraction and its spn dependence in
unexploredt and sranges

. Structure of color-singlet exchange in non-perturbéive regime of QCD
. Central production of light and massive systems

—  Particle production

—  Exotics: glueballs, hybrids, ...

Elastic Scattering Central Production Single Diffracton
p Py n— p Py p Py
. P : . .
P X . P
P -
L d L <X 1 :
p p N 0 1P p t 0 N pA) p 0 n
RP RP
tags 77 9ap

« Roman Pots (RPs) measure momentum transfer from difacted protons
« STAR RPs installed (Phase I, 2008) (Phase Il, adshhal RPs — Run 11)
— No impact on backgrounds in STAR mid-rapidity detectors

e pp2pp integrated into STAR Trigger and DAQ systems
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UPC Processes “ 7
ultra-peripheral ollisions RS
Au AU

Coherent/incoherent photo-production ofp®

(Vsyn = 130, 200 GeV) oy =
_ Excludes several modelseRL 89 272302 (2002): [ 1 | R
PRC 77, 034910 (2008) 2°°5‘+ ++
p° photo-production in dAu Vs, = 200 GeV _ |

100

and AuAu Vs, = 62 GeV

s0f

STAR preliminary

Observation of two-source ’ " " v ™ R
interference in the photo-production )
(EPR paradox) a‘° ﬂ Ei

| + STAR prefirinary
Resonanta*zn*a photo-production _» | _
in AuAu collisions at Vs, = 200 GeV

» Test of the coupling to the nucleus, . \ 2p7 I | +
p(1450) andp(1700) candidates Sy ”141“3 ‘Eé“'“a'z. 2%

P, [GeVic] m,., ... [GeVic]
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e-h Azimuth Correlations

p-p 200 GeV charm, bottom, NLO processes (splitting)
reference system

AQ=Tt
e-DP correlations
00257 g C
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;;'_’0015— o [;5MSiP:LrO’cfmbeaummd) flavor creation (LO) gluon splitting (NLO)
. like-sign_e-K comparisons to Pythia and MC@NLO
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. . 04—
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10x improvement with RHIC |l L

tronp_ (GeVic)

significant (~50%) b contribution to NP-e above ~6 Gev
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Counts/40MeV/c?
- - (%]
[--]

JAp Production in p-p

constrains B contribution to JAp yield °2
10-40x improvement with RHIC II“% i

Trainor
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Y Production in p-p and Au-Au

e-e mass spectra

P-p Au-Au, 0-60%
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on-going analysis: first look at ¥ R, ,
10-70x improvement with RHIC Il
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Di- hadrony hadron Correlations
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inclusive hadron suppression

i

I AN I PN RN FREE SR SR e
EEEEEEEEEE) =+

.D

A (raa)

AutAu (central collisions):

“ 10k

B Directy (PHENIX Preliminary)
¥ Inclusive h* (STAR)
® 10 (PHENIX Preliminary)

GLV parton energy loss (dN"/dy =1100)

st

%ﬁ_fmfﬂ._+_.._+_R{A_A____

2 4 6 8 10 12

Trainor

14 16
pr (GeVic)

T

A

di-hadron suppression

Away 5|de |Agp - | = 0.63

2 g 2. _x
: . el
B B =5

d+Au min bias
Au+Au 20-4096
Au+Au 0-526

ool

oo

| AR TE

PRI R L
0.4 0.6 O_IB 1
zr = p(assoc) / p_(trig)

.a/AaDg > (dosse)yd > 9 S/Aagg > (dosse

single-hadron d| hadron

X - X
less surface bias

mﬁ (GeV?)
10 1 2 4 5 .

" AuAu>< " 200GeV 0-10%
— - m_ RS0
08 b | |, Py =8:5GeV pl™"=6+.5GeV 16
— R, p,=8+.5GeV
206} AA X IAA 12
; nucl-th/0701045
i . 1| =,

_ (dEfdx), (GeVifm)
di-hadrons: better probes

of initial density
STAR at the RHIC-AGS Users Meeting 17



Away-side Di-hadron FFs
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v-hadron Correlatlons Clusters

. yjet events are rare - large luminosity
multi-hadron (cluster) trigger /9 first measurements... RHIC run-7
biased di-hadron correlations? “Ssy /x .
. ) X
. HI jet reconstruction 10-40 Improvement with RHIC Il
Associated t soof)% Y trlggers 8 < E'Y <16 GeVic
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. —r | . . . . . . | . . : | — 1.8 X.N. Wang (private comm.), pr =8-16GeV/c, §°°°°> 3GeV/c
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E’_ 9 E <1-2 - STAR Preliminary =
D - : < 1
g " 0.8f
2 _ o
10725 i = :
g i ] 0.6
0 % ﬁ ] 0.4F
th . -
< i ‘{1\" ? | 0.2 -
LCIusterTnggerHﬂ-:pc1ZGeW¢: é ob—— At L b L L L L
10°E £ Di-hadron Analysis, 1o<p "<12GeVic %—: 50 100 150 200 250 300 350 400
- W Cluster Triggers, 12<p <1EGeW¢: . 1St measurements Npart
L [ Di-hadron Analysis, 12<p "<15GeVic 1 _ Y _
e ?& . away-sidey-h correlations
VI
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single-hadron and multi-hadron suppression similar to

triggers give similar results Inclusives in central collisions
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pa":' relative to pp

(dN/dy) / <N

Strangeness Enhancement
strange baryons v@-— yield systematics

similar trends for antiparticles

Au-Au vsCu-Cu

14
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or Cu-Cu _ J j Au-Au pat PP
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Energy and System Dependence

dashed lines angular correlation systematics
guide the eye

common jet/ridge trends for different collision systems
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~no dependence on A no dependence ofis,,

stringent tests of
jet/ridge formation scenarios
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Particle Type Dependence
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jet/ridge phenomenology independent of leading ftav
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Conical Emission Studies
Agp-Agpcorrelations AL

T/¢ Preliminary
th near «ff near J S inary &g

*

away away

5
Ad
4
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2
1

§
Ad
4

. 0.14
1111111 A‘; I]:12§
three-particle analysis within o

a two-component context

3 <pT-trig <4GeVic 1< P-assoc< 2 GeVlc M;: {7 W

R R R S N Y S Y S R B LR TR R
(A -Ap,)/2 (A@-A@,)/2

structures provide evidence for conical emission
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Other Three-hadron Correlations

An—An correlations

An,
dAu : Jets

i An,

An,
AuAu : 200 GeV

3<pTT 9<10 1<pAsse

T

= diffuse scattering

Trainor

“1

An,

STAR at the RHIC-AGS Users Meeting

dN

dN

di-hadron triggers

200 GeV Au+Au, 12% central

T2A1 T1

T2A1 +Tl: p>5GeVic
T2: p>4GeVic

HA: p>1.5

L

: ﬂ i no i:upprestlonp
1 0 1 2 3 4 5
Agp

no “ridge” on n

| T2ALTL 1206 cental 1
40-60% MB + |»

60-80% MB




Di-hadron Correlations w.r.t. X

path-length increases withqq (in - out of plane)
-> increasing away-side modification

Au+Au
in-plane cpS =0 out-of-plane cpS 90o
200 GeV ‘ . — EO'Q STAR Prellmln?ry |
Rifge C.*|An|>07 20-60% AS|” T
_trigcljer 0 , : | om \V2{4} e ridge
in-plan . ik A W 4 _ y ¥, | | |
In g g ': — AL S 0.1 P00
% Jet . STAR ‘ ‘
trigtgefr | Eb ol f |An| < 0.7 - CaCC |An| > 0.7 Preliminary |
out-of-plan - i .
out |4 e
y T e T e e I R R i e .
P — AYAU sy, e 0in : ¢4$> ‘1'Rp<d6eog> out
1.5<p ass0¢<2.0 GeV/c
di-hadrons relative to the reaction plane
* Ridge drops from in-plane to out-of-plane
» Jet peak stays consistent with d-Au
Trainor
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Femtoscopy Systematics

correlation sources  radii related to n, heavy/light emission

p+p Vs,,=200 GeV 015 <k, <0.25 GeVic
) Q)

14~ Coulomb Fit to 0-10% central AuAu

S I I ¥ data unlike-sign
4+~ B : H
| »~ data like-sign
30, _ 1.2 S, '
(@) ¥ = - — fit unlike-sign
D: . B T —fit like-sign

' Cu-Cu, Au-A s
u-Cu, AU-AU l

L L L L L i 1 | | —

- A,, "size" —

A 00 —

B a C(Q ) A mmCF 6 # Cu+Cu 200 AGV | 0.8 -"'E

. sidke’ —— femto only & CusCu 62.4 AGeV L —
i N Au+Au 200 AGeV -

1 L L L | L L L 1 | L

— fem+non-fem

out

ADU'
-

4— . N I
0.05 R =(6.741.0) fm |,

) i / % LS A -(56:1.0)fm
momentum conservation? 62, 200 GeV : o~ (-5-6¢1.0)
14 new parameterization s / o4
1.3 ~ _
v \ o 5 ¥

o : I 1
84— | Wyss?gzwszzoo?
= 1T US
X : 35lso at smallens 7 -os- A”
0 1 L | 1 | L

I I sber b | = 1 L L L | L L
0 0.1 0 0.5 0. 4 6 1/3¢ 0 0.05

2_ 03 04 0.1
Q. tBevic Q (dN )" nch k*[GeVic]

A11

B

X

multiple correlation sources | same for all system|sshift due to radial flow
important for small n,, and lower energies

notb or N, more flow effects
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Radial Flow Effects

| AA / pp radius ratios
1 Bfl ‘ ' "] e Au+Au(0-5%)/ p+p
2 | 1 ¥ Au+Au (50-80%)/ p+p
1 SToe o ;] o100
—_ / t o A4 F ] A Cu+Cu (0-10%) / p+p
..E. 1 Dl\/ﬁ : ; 4 ] d+Au (0-20%) / p+p
2 4-STAR preliminary e e & M
14 Centrality 0-10% gl ‘ I o 3
IGEDY | -, AuU-Au | _
25 ::ng2 BX | 0 n'n (PHENIX) - . o T by {sr;o
| app TRA K* K* (PHENIX) # "§4’ Lot Clﬂ-Cij b e e ?""1}--:4-5-
0 02 04 06 08 1 12 14 2:— - . 2‘:2
m, [GeVic] AR P
m, dependence: evidence for radial flow ** ‘n. wevies mt e
{ flow field m, trends the same in A-A, p-p
: H ~ homogeneity
&é =)region  — evidence for strong radial flow in A-A
% "~ shrinks - - :
i but, does that imply radial flow in p-p?
as mincreases what relation to QCD processes?

Trainor STAR at the RHIC-AGS Users Meeting 27



v eliptic — Differential v, Studies

flow studies

T T T 1

0517 0.60% Cu+Cu 200GeV  0-80% Au+Au 200GeV 1 o, O, perl €.,y MC Glauber
° K O K¢ . STAR — nuclean participants
04+ ® A+RA O A+R — (VQ) 0.8 preliminary —e— constituent quark participants
- *x ¢ o O T color glass (fKLN)
< STAR Preliminary % 0 © HF Q ¢ ¢
w> 03[ og B o o —
CU éﬂ + + +
: 02 !;# + + + _]
>(\I @E= + + + g
| 0.2
0 ol bbbkl Ettelletetete pooo-oocf--- foocmooo-i--  bellatetele —
0 0.5 1 15 2
(mT -m)/ nq (GeV/CZ) % 3 4 6 8 10 T
compare: PHENIX PRL 98, 162301 (2007) impact parameter (b (fm)
STAR PRC 77, 54901 (2008)
No participant-eccentricity scaling Upper limit on v , fluctuations
Sizeable v , for gmesons (sparse Challenges models of initial-state
hadronic interactions) = partons eccentricity fluctuations

V, and its fluctuations probe dynamics at differentrte scales
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Incomplete Thermalization?

w 0.41 — “g 2.4F * v
S, 0.35 Npart Fitted Limit with standard < 22 7 s T AR Hydro
><\l E ° ECGC 2 a preliminary | Mot ininem bom Sl
0.3 - E 7 = Boltzmann K= 0.5
0.250- 1.8 - - - Boltzmann K= 1.0
0 25 1.6 —_Ji‘_ AuAu 200 GeV 20 - 30%
20 1.4 %
0.15F 120 N mh e e ke
- 1 —
0.1— A o
; 0.8 'j S . M '—'J """""""""""""""""""
0'05:_ AuAu 200 GeV g-rr(::‘i?ninary 0.6 — Boltzmann Curves : J-Y Ollitrault. )
" k i ‘ L 1 L l L L L 1 L I L i L i l 1 1 L i I L 1 i L
L L L 1 | L L 1 1 | L 1 1 L | 1 L L 1 | 1 L 1 1 | 1 1 1 1
02 04 06 08 1 12 14 16 18 2
% 10 20 30 40 50 6l
P, (GeV/c)
1/S dN/dy (fm?)

Fitting function: H-J Drescher et al. PRC 76, 024905 (2007)
CGC &: A.Adil et al. PRC 74, 044905 (2006)

v,/ € ~ 30% below ideal Hydro, Knudsen number K is not ~ 0 as for ideal
even for central collisions hydro, must be > 0.5 to explain v ,/v,?

some features inconsistent with complete thermdiaa

not easily dismissed
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K/Tt Fluctuations

$ AutAu200AGeV | o (.coop0nce L STAR limi F -
AutAu 130 A GeV —_ reliminar
[] AutAu62.4AGeV| o = P y ¥
¥ AutAu 20 A GeV X M Cu+Cu 200 Gev
¢y Torrieriy_fitted ~= L
(" Torrieriy =1 LA 2 } AU'AU, Cu_Cu @8 A
6 -
: 62, 200 GeV

—a—
s
—t
——
—
=]
I T T TTTT

4
0s
R
e

¥ nonequ”# o fl“f

Gdyn(%)
[ l:'u‘:ll | T @ | [T T | T T |I—|—w—t";ll
I & ——

2
©C. O equilibrium I } T’ p . -
0 107 f
STAR prellmlnary - f
2 L |2 e b e b e b L e g
10 10 V_(GEV} 0 100 200 300 400 500 EillI]NIdn?DI]
K/mfluctuations appear consistent K/mfluctuations at same dN/d n: little

with NA49 at highest SPS energy variation with energy or system size

Higher RHIC luminosity and STAR ToF
should greatly improve this analysis

featured element of low-energy scan program
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2D Angular Autocorrelations
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/ ~ elliptic flow
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Model-Fit Parameters

quadrupole amplitude

'507

‘‘amplitude
200 Ge

62 GeV,

01 ] Aplz) _nvieo)  Miniet same:
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% 0.14 E P e 2n p ?5_-‘0'3é
012 :
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Energy and Centrallty Trends

05 saturatlon’?*

v per-pair

2% ﬁp[Z]
2D
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Summary

e 2006 inclusive-jet A, datarestrict |AG| to small values
Inclusive-mA , data consistent with DIS on X, puzzling on p;

« Di-jet, y-jet A, data should providedirect access to
differential Ag(x) - gluon spin structure fully revealed

 Heavy-flavor E-loss probes coming on linestrong pQCD tests
e Accurate parton E-lossthrough di-hadron, y-hadron studies
* Fragmentation strongly modified, insensitive to leading flavor
o Complexmedium dynamicsstrongly coupled toparton E-loss
« Evidence for strongtransverse flow, but paradoxical aspects
Conventional hydro picture, viscosity challenged by minijets

STAR |
Unprecedented access to QCD in p-p and A-A

RHIC Il and STAR ToF: essential upgrades
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