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Introduction

O Exploring the proton spin structure and dynamics

QCD Theory / ol

SaturatioryModels Relativistic i
Color Glass Condensate  Heavy lon Physics
Non-linearity, (RHIC, LHC & FAIR)
Confinement, Understanding

Valence < Sea AdS/QCD of Initial Conditions,
Saturation, Energy Loss

ab initio
QCD Calculations .
& Computational ) TeChn0|Ogy Frontier
Development New Generation Examples: beam cooling
of Instrumentation ’

Physics of Strong energy recovery linac,
Color Fields QcD CP Violation polarized electron source,
? superconducting RF
cavities

Hadron Structure
(JLAB 12 GeV, RHIC-Spin)

Background

Structure and dynamics of proton (mass) (— visible universe) originates from QCD-interactions!

What about spin as another fundamental quantum number?

Synergy of experimental progress and theory (Lattice QCD / Phenomenology incl.
phenomenological fits / Modeling) criticall
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Introduction |

O BNL - The QCD Lab
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Introduction

O Vision of the BNL QCD Laboratory

O Goal: Evolve RHIC facility to address key questions on QCD

O Four key elements of the BNL management plan:

a

g

a

Near-term upgrades to RHIC

®  Detector upgrades
®  EBIS (Electron-Beam Ion Source)

®  Enhanced luminosity and polarization
RHIC-IT

B |Luminosity upgrade

O  Goal: Establish transverse stochastic cooling

O Electron cooling might be necessary for eRHIC
eRHIC (EIC @ BNL)

Theory and computational QCD

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008

Prominently featured in
2007 Long-Range planing
process of the Nuclear
Science Advisory
Committee (NSAC)

RHIC plays a key role in
the US Nuclear Science
Mission
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Introduction |

O How do we probe the structure and dynamics of matter in ep / pp scattering?
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Introduction

O Precision measurements (e.g. F2) = Precision on quark/gluon structure
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Introduction

O What do we know about the polarized quark and gluon distributions?

0.4 <AD T <Ad 3\ loa
O Spin carried by quarks is R e ¥ o "ok
very small (A 2 ~ 0.4)
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Introduction

O Model expectations and Lattice QCD calculations (1)

O Following the first EMC results O MIT Bag-model calculations by X. Ji
suggesting a very small quark

0.6
spin contribution, a scenario
has been discussed suggesting
a large and positive gluon 0.4
polarization (e.g. Altarelli and
Ross): AG(Qo?) ~ 4-5 g

S 0.2 Y

Controversial in the /| \
( | A6(Qe%) ~0.2-0.3 1L ]k
literaturel) LTl N

0.0 L} l ¥ L] L] LI I B B ) l ;—J"‘l’t—;:l’ : T :I I L] L L) L l\'\'l=

E-3 0.01 0.1 1
O R. Jaffe: AG(Qo?) ~-0.8 | x

(Large and negative gluon

polarization)
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Introduction

O Model expectations and Lattice QCD calculations (2)

O Lattice QCD:
O Total quark spin
contribution

(A 2) consistent

with experimental
extraction

0O Total quark
angular
momentum
contribution L4
consistent with
zero

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008
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Introduction
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O What is required experimentally to measure the gluon spin contribution?

O Double longitudinal-spin asymmetry: A

<)

Versus

= -

p+p—

~— =’ — —r
e Study helicity dependent structure jets + v + cc (bb) + X
functions (Gluon polarization)! eV,

O'_|__|_ —O'_|__
ALy = " PPN RN
O+ + 04— 109 Ny + RNy

O Require concurrent measurements:

* Magnitude of beam polarization, Py,
RHIC polarimeters

® Direction of polarization vector

® Relative luminosity of bunch crossings with
different spin directions

e Spin dependent yields of process of interest N;;

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008

>

RHIC polarimeters

> STAR experiment
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Introduction

O Gluon polarization - Inclusive Measurements

detector
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Introduction

O Gluon polarization - Correlation Measurements

14

(79

O Correlation measurements provide access to partonic D 2 -
1 pr
kinematics through Di-Jet/Hadron production and Photon-Jet T
production T2
2R e N o
M = /x1225 N3+ g = In — D 5 o
2 'S

O Di-Jet production / Photon-Jet production

O Di-Jets: All three (LO) QCD-type processes contribute: gg, qg and

Di-Jet production

;

gg with relative contribution dependent on topological coverage > B
O  Photon-Jet: One dominant underlying (LO) process o pr
O Larger cross-section for di-jet production compared to photon o

related measurements ; %%%fQ
O Photon reconstruction more challenging than jet reconstruction p %L%@z

O  Full NLO framework exists = Input to Global analysis

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008

Photon-Jet production
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Introduction

O Quark / Anti-Quark Polarization - W production

Ad+u— W~
Au+d— W~ W™ —e 4+,
= > . y v _ LN (W) = N~(W)
O DR D e & _
> wWF PN+(W)—-N-(W)
Ad+u— WT Wt —et 4+,
Au+d— WT

O Key signature: High p; lepton (e’/e* or
n/ 1) (Max. M,,/2) - Selection of
W-/W*: Charge sign discrimination of
high p+ lepton

Required: Lepton/Hadron
discrimination

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008
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O Quark / Anti-Quark Polarization - Sensitivity in W production
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Theoretical framework for leptonic

asymmetries exists (RHICBOS) = Basis for

input to global analysis!

Reconstruction of W-rapidity only possible
in approximative way in forward direction
Important contribution from forward and

mid-rapidity region

O Large uncertainties for polarized anti-quarks reflected in leptonic asymmetries!

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008
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Collider: The First polarized p+p collider at BNL

O Overview of collider complex
Absolute Polarimeter

\ / (H jet)

‘%,

- > @ S
S e _ BRAHMS
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Shakes —— Loox = 2 X 1032 cm2s &

K 70% Beam Polarization
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. g s OPAR
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Pol ) !
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O RHIC collider aspects: p-p - Performance

Lr‘ecor‘ded [Pb_l]

Lr'ecor‘ded [Pb_l]

[ FY06 Polarization: Blue Beam |

Polarization

Collider: The First polarized p+p collider at BNL

o Flattop
Injection

30F

20F
- .| May 2
10F e
:I 111 I L1l -1 \‘\ I L1l 111 \i L1l
920 140 145 160
T | Day (1=1/1/2006)

RHIC RUN | s [GeV] T ) T e ) Polarization[%]
RUN 2 200 0.15 0.3 15
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| FYO06 Polarization: Yellow Beam ]

O All RHIC polarized pp accelerator components are in placel

0 2006 performance (V=2006eV): ~60% polarization (70%

design) and ~1pb/day (~3pb-!/day design) delivered

luminosity
DESY, Tuesday Seminar

Hamburg, Germany, July 08, 2008
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Collider: The First polarized p+p collider at BNL

O Performance overview - Au-Au / p-p

RHIC nucleon-pair luminosity Lyy delivered to PHENIX
1000 10000

Luminosity evolution of hadron colliders

~ LHC p-p (design)
proton-proton (p-p) and proton-antiproton (p-p) collisions i
" =====1ion-ion collisions (A-A)
Auw-Au d-Au mm— |epton-proton (e-p) and lepton-ion (e-A) collisions (e- and e*)
1000 eT.pT spin polarized beams

100 i G eRHIC eT-pT/A (design)

TevatronII p-p

100 | / ISR p-p RHIC A-A

TevatronI p-p { @ LHC A-A (design)
RHIC pT-pT
10 1

,\ ISR A-A /-/
i /
1 | /
HERATetp  HERAIIeTp
0.01 .
0.1

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 1970 1980 1990 2000 2010 2020

Calendaryear /¢
¥ Lastupdate: 10 March 2008 Year Lastupdate: 10 March 2008

10

Au-Au

Au-Au

|

Nucleon pair luminosity Lyy [pb™']
Peak luminosity per IP [10 **cms™!)

Nucleon-Nucleon Luminosities (peak values) (100 GeV, nucl.-pair):
O Au-Au 120x103° cm2 s

O plT-pl 35x103° cm2 s !

Other large hadron colliders (peak values) (scaled to 100 GeV):
O Tevatron (p - pbar) 29x1030 cm2 s 1

O LHC (p - p, design) 140x10%° cm2 s

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008 Bernd Surrow



Collider: The First polarized p+p collider at BNL

O Polarized proton-proton operation at RHIC at 200 / 500 GeV

O During last longest polarized proton-proton run (RUN 6):
O  Luminosity: ~1pb/day (~3pb-!/day design) delivered luminosity

O Polarization: ~60% polarization (70% design)

O 5006eV development: Achieved 45%) beam polarization for single beam at 2506V

2000

O Goal: At 70% beam
1500 |
polarization (Lavg at store)

1000 |

O 2006GeV:

500

Integrated luminosity [pb!]

Target: 275 pb!

60-103%cm3s1
Vs =200 GeV M

20

o€ Max projection

NN < Min projection

() | ——__

a 50063\/- 2005 2006 2007 2008 2009E 2010E  2011E 2012E  2013E

Fiscal year
150-103%cm2s7!

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008

(*) Assumption: Analyzing power at 250GeV same as for 100GeV!
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Experiment: The STAR detector

O OQverview

Silicon Vertex
Coils Magnet —Tracker

E-M
Calorimeter

Time Projection
= amber

Time Of

Electronics
Platforms

Forward Time Projection Chamber

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008
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Experiment: The STAR detector

O Detector sub-systems - STAR

BEMC (Barrel Electromagnetic
I . _— Calorimeter: -1< 1 <1)

ﬁ EEMC (Electromagnetic Endcap
j ‘E Calorimeter: 1.09< 1 < 2)
- I I _“ﬁ‘fﬁﬁ\*ﬁ\n«-g//m:r I . - ZDC (Zero-Degree Calorimeter)
j ~—— FMS (Forward Meson
l 3 Spectrometer: 25 < 1 < 4)

FTPC (Forward Time Projection
Chamber)

TPC (Time Projection Chamber)

BBC (Beam-Beam Counter) SVT (Silicon-Vertex Detector - removed)

PMD (Photon Multiplicity Detector) SSD (Silicon-Strip Detector)

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008 Bernd Surrow



Experiment: The STAR detector |

O Acceptance

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008

|
|
!
u
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Highlights of recent results and achievements

O Cross Section Results

A PHENIX y(n")=0
® BRAHMS y(1)=2.95
O STAR y(n")=3.8

)
S FBhen NLO pQCD KKP FF (u=p )
= 10’ [
w
g
= 10!
=
olZ. 10°
| e "
=g Boa
=10 Area,
= Lo,
~ “ﬁ"
10 e
A
107" A
10° T R ST S NN S N N S S N N
8 10 12 14
[ |GeVie|

O Good agreement between data and NLO
calculations for neutral pion production at

forward and central rapidity

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008
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Aol o (stat)
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b s STARData
NLO KKP FF

-------- NLO Kretzer FF

2
10 = PHENIX PRL 91, 241803
10° NLO calculations by W. Vogelsang
10
10°
10°
107
10° E =
:I 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 [ 1 1 1 I:
- b) point-to-point systematics -
0.2 —+ statistical errors —
0 - T T I T - T T 1 .|- ‘[ -
SR T SR T | l ]
020 =
1.8 E c) ? I total sys[tematics; ™ NLO KKPIFF 3
~E 5 . o O NLO Kretzer FF === KKP.p=2p 3
1= OB e KKPu=pJj2 3
osE o Tel0 Qe (} -
of R T T T T
E o e —— ® =
05E L : E
L L R P L
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Highlights of recent results and achievements

O Cross Section Results

108 E T T T T T T T T T T T T T T T T T T T T | T ? «,H :(a) pHENIX Data O 6
= = ! OOd
L @7 © ©
10°E STAR = >l — NLO pQCD
N ptp = jet +X ] 8 = (by Vogelsang) agreement
. 10°E \s=200 GeV E a F CTEQ 6M PDF
3 F midpoint-cone ] o . BFGII FF
%1055_ kone=04 E m'—'103§— u=1/2p;,pr,2p; between data
2 - 0.2<n<0.8 7 _g. =
510°5 ERE- and NLO
;; - ] cgg 10" =
10°E E = :
i 1 W oE calculations for
1005 . E -
= Combined MB & 10: . .
o Lomone 1 : jet production
10" —e— Combined HT E -
1 —— NLO QCD (Vogelsang) _ - e | and prompt
fl | | | | | | | | | | | | | ‘ | | | | I | | | | | | \E E
>1.8E Systematlc Uncertainty (b)—é 2 phOTOI"I
214 2: ------------------ Theory Scale Uncertainty :i l'E
D108 U s s s g < 8 roduction at
R T —— e N p
g 06E I R R | T T
0.2E . , | , = 0 2 4 6 8 10 12 14 16 . 1
0 10 20 30 40 50 p}[GeV/C] CenTr'Gl r‘apldl'l'y
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Highlights of recent results and achievements

O Gluon polarization - Inclusive Measurements

Q%=1 GeV?
—~ 08 3 3
O | — GRSV-STDAg=Agdy,
v i | |
g 0.6 - GRSV- MAXAg """ g """" . - w S e T
04| - GRSV-ZEROAG=0 AL S T »
0.2 [ )( 5 < .1 < 0.2
-0.2 W T ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Ay, 05 e B S L .
g 2 2
- AG (Q = e ) :
TR L g . [
 AG(Q* = 1GeV?) ~ 0.4
_0 8 | Il L1l \\‘ Il 11 \\‘ Il L1 \i Il |
107 107° 107 10" 1

X
O Examine wide range in Ag: —9 < Ag < +g

O GRSV-STD: Higher order QCD analysis

- 0.06
-
< 0.05
0.04
0.03
0.02
0.01

o

-0.01
-0.02

4 0.06
|
< 0.05
0.04
0.03
0.02
0.01

-0.01
-0.02

-1<n<2 Inclusive n° production

;— rrrrr GRSV STD- Ag ggﬁ,’l rrrrrrrrrrr
;,,T,,,‘,,GRSV‘ :MAX Ag =Gy
2 4 6 8 10 12
pr (GeV)
-1<n<2 Inclusive jet production
% ‘— ,,,,, Gﬁ{sv -ZERQ Ag = 0
5 10 15 20
pr (GeV)

of polarized DIS experiments!

G(Q?) = /O Ag(z, Q?)da

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008

-1<n<1 - Inclusive =" / 7

+0.06

< 0.05

0.04

0.03

0.02 - /
0.01 ¢

0

-0.01

-0.02 —=-

2 4 6 8 10 12
pr (GeV)

-1<n<2 Inclusive y production

20.06
|
< 0.05
0.04
0.03
0.02 -
0.01

0.02 5N o N

5 10 15 20
pr (GeV)

Lparton = 2pT/\/g
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Publication status - Longitudinal spin results

O AL Inclusive Jet 2005 result - STAR

STAR Collaboration, PRL 100, 232003 (2008).

1
0.2<n<0.8 AG(Q?) = / Ag(w, 0%)da

- T 0
- ¢ STARData pp—jet+X ‘ ,
- AG(Q? = 1GeV?) ~ 1.8

0.15F GRSV-std

A, [  —GRSVig=g AG(Q* = 1GeV?) =~ 0.4
L == GRSV Ag=0
VO GRSV Ag=-g —_—— T —

- - GS-C L

0.05— P *
B -
R ) __--—-_’__-_——f
e o W SR e veummmafaseas Lparton = 2pT/\/g

e e i ========================= | , ,

B 0.8 Q’=100GeV %/c? p =28 GeV/c - 1.0
- T x10°

-0.05 +9.4% scale uncertainty from 806 |- J0.75
- polarization not shown g a)
: 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | < 0.4 — 7] 0.5
5 10 15 20 25 30 —

pT (GeVic) 02l P; 5.6 GeV/c 4 025
0 — 5 1 : 0
107 10° 10
X gluon

O Maximum gluon polarization scenario (6RSV-MAX) ruled out

O A, inclusive jet result (Run 5) consistent with previous Run 3/4 result
STAR Collaboration, PRL 97, 252001 (2006).

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008
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Highlights of recent results and achievements

O AL Inclusive Jet 2006 result - STAR

0.2
A - ™ 2005 STARFinal/0.2<1<0.8
L [ ® 2006 STAR Preliminary / -0.7 <1 < 0.9
0.15— T
0.1
- | |
0.05— ’ ’
S f I
-0.05—
: 1 1 1 1 ] 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 -I- 1 | 1 1 1 1 ] 1

N —

10 15 20

25 30 b, (Getic)

A, systematics (x 10 -3)
Reconstruction + | [-1.+3]
Trigger Bias (p; dep)
Non-longitudinal | ~0.03
Polarization (p dep)
Rela.hve. 0.94
Luminosity

15t bin ~ 0.5
Backgrounds

else ~ 0.1
pr systematic +6.7%

O RUN 6 results: GRSV-MAX / GRSV-MIN ruled out - AL result favor a gluon polarization

in the measured x-region which falls in-between GRSV-STD and GRSV-ZERO

O Consistent with RUN 5 result (Factor 3-4 improved statistical precision for pr>13GeV/c)

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008
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Highlights of recent results and achievements

O Quantify theory comparison of measured A, for 2006 inclusive jet result

E’ 0.5 ZER
9 T 5 Ogsc
o L PNSZ st
o [ L$S2 )
S 04—
E [ L$S3
S [ LSS1STND
0.3— ¢
_ STAR Preliminary
- AAC1
0.2_—
0.1 AQC3
B AAC2 gg2
C MIN NAC ¢ G§B
0_ 1 | | | 1 1 1 | 1 1 | | | 1 1 | Bg1 Méx | IG§AI
-1 0.5 0 0.5 1

Integral AG (0.02-0.3) at Q=1 (GeVi/c)?

O The STAR data exclude a broad range of global fit results that have a larger first moment
(AG) than that in GRSV-STD

O Counterexample is GS-C: Large and positive at low x and negative at high x (Note at x ~ 0.1)

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008 Bernd Surrow
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Results: Gluon Spin contribution

O Ay neutral pion 2005/2006 result - STAR

P+P = 1° + X at\/s = 200 GeV and -.95 <1 < .95 X 1 A
j0-15_ T | T T | T | T l | T | | T | T l | T T | T | T I | T | | T | |_ AG(Q ) o / Ag(m7 Q )dm
< SR gmnden «  STAR 2006 Preliminary 1° . 0
04— —_ GRavagcd «  STAR 2005 preliminary 3 AG(Q*=1GeV?) =~ 1.8
- —— GSC i
- . AG(Q* = 1GeV?) =~ 0.4
0.05 —_/ -
: — )_—’____________,_._._— ]
oF ——1 - — .
- il ! T x 2/ndf for NLO
-0.05— E Models:
0.1 —
C | | ] GRSV Std: 0.3
1 L1 1 I A A T T T T T I I O B L1 1
2 4 6 8 10 12 14 16 18 GRSV Max: 114
P [GeVic]

GRSV Zero: 04
O RUN 6 results: GRSV-MAX ruled out
O Significant increase in statistical precision as well as greater
pt reach compared to previous Run 5 Neutral Pion result

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008 Bernd Surrow



O Global analysis incl. RHIC pp data

[ T T T T | T T T | T 1L T T T T | T T T | T ]
4210 — all data sets il PHENIX - 15
C 1t ] 2
X x-range: 0.05-0.2 1L gITISAIIS{ 1 A
405 | 1t :
. 1r 110
400 | 3t 1
- iln 19
395 | L 0 gl
C 1r b) T
C I(a.) L (.)_ 0

-0.2 0 0.2
Agl,[0.05—0.2]

0 0.2
Agl, [0.05-02]

O Strong constraint on the size of Ag from RHIC

data for 0.05¢x<0.2
1
O Evidence for a small gluon polarization over a e,
limited region of momentum fraction Oé 06
3 04

O Important: Mapping x-dependence and extension o2[-

0

of x-coverage needed! 10°

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008

Highlights of recent results and achievements

/

_/ XAg

hep-ph/0804.0422

\

LR LLLLLLE s

\

IIIIIIIIIIL'IIIIIIIIIIIIII

— — GRSV max. Ag
-+ GRSV min. Ag :
2 -1
10 10 X
T |
Q’=100GeV 7/c? p_=28 GeV/c

a)

P = 5.6 GeV/c

x10°

0.3

0.2

0.1

dN /d(log x)
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O Gluon polarization - Projection Run 9

Future polarized p-p physics program

x-range: 0.05-0.2

Agl,[O.OS-O.Q]

—— RUNO9

0.3 : T T T T T I _:
L xAg w/Run 6 :
02|l S =
0EN .
0 ]
-0.1F {
s GRSV ]
o=y -------- DNS | ]
0‘3 : T A| I/RI T 9| _:
£ VIR —— DSSV ]

U2lsaghe, | W =
olta Tl A e 3
ok :
0.1F -
C — — — - GRSV max. Ag 1
02F v:c GRSVmin.Ag ]

10"

O Complementary information from STAR and PHENIX

DESY, Tuesday Seminar

Hamburg, Germany, July 08, 2008

—_

Agl, [0.05-0.2 ]

-0.2

O Substantial improvement on gluon polarization from inclusive measurements

---- STAR

Agl, [0.05-0.2 ]

Agl, [0.05-02]

Bernd Surrow



Future polarized p-p physics program |

O Gluon polarization - Correlation Measurements

O Correlation measurements provide

access to partonic kinematics through
Di-Jet/Hadron production and Photon-
Jet production

O 2-2 processes:

e

p = P13, 73

99.4q9. 99

i
2 PT,, 74

»
>

FE

I — E.
L1 (2) - ﬁ (pT3€n3( 773) +pT46774( 774))

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008

cos #* = tanh (

N3 — N4
D

Bernd Surrow
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Future polarized p-p physics program

O Correlation measurements: Di-Jet production - Data Understanding

4 1 . . . .
10°F L[ ] S e

2 I R R O Data/MC
L S S et o comparison

R complete -
T

20 30 40 50 60 70 80 90 -0.2 0 0.2 04 06 08 1 1.2 0 0.1 0.2 0.3 0.4 0.5
Di-Jet
Y P Prob 0.153 0.8834 0.8672

Good
R agreement in
M [GeV/c?] %(n3 +n,) Icos(6)1
Xz / ndf 9.386/6 xz / ndf 4.396/9 2.511/6
E 0 1 | po 0.9943 + 0.0098 ' © 1 ipo 0.9983 = 0.0101 : : 0.9995 = 0.0101 variables
L e S S S S L S i . ; ; 3 T

T S S S o R R S S S | R e L (s S S
A O First cross-

S R R R 12

o section and AL

...................

R R measurement

...................

L Gttty Lt I SUDL A T I R S SRt ALLS SETELI SIS SRRE : : : .

Tt T s e i o T e e S St S & L R | IR RS In progress
ST TS PR PR T T P P BT B I B B B I i i .
03530 40 50 60 70 80 90 0%2 "0 02 04 06 08 1 12
M [GeV/c?] 5(113 +n,) lcos(6*)l

ZE -
M = \/x1225 ns +n4 = In - cos 0" = tanh (%)

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008 Bernd Surrow




Future polarized p-p physics program

O Gluon polarization - Di-Jets

O Substantial improvement in
Run 9 from Di-Jet

production

O Good agreement between
LO MC evaluation and full

NLO calculations

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008

- 0.02
< : :
NLO
® 300pb™ (P=70% .
0.015 Ph7( ) GRSV std
DSSV
0.01

-0.005|

4 0.02 —

<

0.005

0.015

0.01

0.005

STAR: east barrel - endcap

20 30 40 50 60 70 80 90 100 110

M [GeV/c?]

STAR: east barrel - east barrel and west barrel - west barrel

______ i}}{ .......

10<r| <00 10<n <0.0

lIIIIIIIIIIIIIIIIIIIII
-~

-0_005: 00<n3<1 0, 00<Yl4<1 0 .......

20 30 40 50 60 70 80 90 100 110

M [GeV/c?]

50.02——
dF 1 f 1T T A
L B+P— |et +|et +X S
0.015- b N o
[ \s=500GeV g g
0.01-
0.005

-0.005}

_IIIIIIIIIIIIIIIIIIIIIIIIlllllillllillllillll
20 30 40 50 60 70 80 90 100 110
M [GeV/c?]
STAR: east barrel - west barrel
= 0'02_ : : : : : : T
< | [Scale uncertainty P
L GRSV std 5'/
0.015 3 - DSSV P R R
0.011
0.005
0
-0.005}

STAR: west barrel - endcap

20 30 40 50 60 70 80 90 100 110

M [GeV/c?]
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Future polarized p-p physics program

O Quark / Anti-Quark polarization program at STAR

Forward GEM Tracker: FGT

O  Charge sign identification for high momentum

electrons from W* decay (Energy determined -
with EEMC)

O  Triple-GEM technology

O FGT project:

ANL, TUCF, LBL, MIT, University of Kentucky,

Valparaiso University, Yale

O Successful project review (Capital equipment

funding): January 2008

O Expected installation: Summer 2010 HFEs FGT

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008 Bernd Surrow
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Future polarized p-p physics program

O Quark / Anti-Quark polarization program at STAR (Forward rapidity)

o) Large Gsymmehﬁies domina-‘-ed by STAR projections for LT=300 pb', Pol=0.7, effi=70%, no QCD background, no vertex cut

[ Forward A (W+) for positron | [— GRsSV-sTD [ Forward A (W-) for electron |
—— GRSV-VAL

- ) 0.4r ; ; : 7| = - - DNS2005-MAX i : : ; : :
quar'k polarlzaflon 4 Impor"ranf : --.- Bglgiggg-ngN 0.6_— ......... ........... ........... ........... ...........

0.2f—eeee [N [ R i —@= STAR projections

consistency check to existing DIS o;=+ f % } % E

P I SR S S R

P e el EEEE T b [ g g g g l s

L - o34 1 L
data with 100pb? (Phase I) oal ___________ - ___________ Al T I I ]
L g g :-_-_:-_:-_g l_ _0_2:_ ......... ........... ........... ........... ..........

111111

20 25 30 35 40 45 50 04525 30 35 40 45 50

O STr'Ong imPGCT COHSTr'Clining Unknown lepton ET (GeV) lepton ET (GeV)

| Backward A (W+) for positron | Backward A (W-) for electron

antiquark polarization requires - ___________ ___________ ___________ ___________ ) - ___________ ___________ ___________ __________

02 S S S 0.2

luminosity sample at the level of

300pb-! for 70% beam polarization  *4 _____ o -

cal e TSRS SRR SO S U SRR N SN S SO W

N I I I IR T
50 0825 30 3 40 45 50

lepton ET (GeV) lepton ET (GeV)

(Phase II)

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008 Bernd Surrow



Future polarized p-p physics program

38

O Quark / Anti-Quark polarization program at PHENIX (Forward rapidity)

O Large asymmetries dominated by
quark polarization - Important

consistency check to existing DIS

data with 100pb (Phase I)

O Strong impact constraining unknown
antiquark polarization requires
luminosity sample at the level of

300pb™! for 70% beam polarization

(Phase II)

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008

Forward A u*

D2
e H_.
0.2F
0.4

3 1
| = DNS max

-0.6~ | — GRSV std
r DNS min
- | —DSSV
r | —— GRSV val

-0.8 | ® PHENIX 300 pb"
[, .| O PHENIX 1300 pb’

20 25 30 35

0.2
0———{—@— ————— L—é—- R W — oo
- I 1
[ 1
-0.2-
041 = DNS max
[ — GRSV std
[ DNS min
— DSSV
0.6 —— GRSV val
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-0.8-
-||1|||1|||||||l||1|||||||||1|||1

1ol
20 25 30 35 40 45 50 55 60
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= DNS max
——— GRSV std
DNS min
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- GRSV val
® PHENIX 300 pb* —_—

O PHENIX 1300 pb* ]

> =) [
T T T T T T
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= DNS max
——— GRSV std
DNS min
- DSSV
- GRSV val
® PHENIX 300 pb™
O PHENIX 1300 pb*
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Future polarized p-p physics program

O Quark / Anti-Quark polarization program at PHENIX / STAR (Mid-rapidity)

| STAR projections for LT=300 pB, Pol=0.7, effi=70%, no QCD background, no vertex cut

+ -
Central AL 1 08 Central AL H [ A(W+) for positron <1 | [ A(W-) forelectron <1
J .
Lo <! — DNS max [ ; ; g g 08— ; T [—GRsv-sTD
- - GRSV std 02l b I N . N L — GRSV-VAL
r 0.6 DNS min L : : : : : L : : : - - = DNS2005-MAX
- L — DSSV : : : : : : : :
.0 —"‘i‘{? ________ .4} _______ *% ______________ L —— GRSV val [ 0.6~ e e e - = = DNS2005-MIN
- - #  PHENIX 300 pb" P I SN PN BN B | [ : : : = DERREED
r 0.4 O PHENIX 70pb’ T A M h T I I -.- STAB 300 pb’
02k i ............................................................
L ; I
0.4~
F = DNS max
- GRSV std
F DNS min
-0.6 — DSSV
r ~— GRSV val
® PHENIX 300 pb*
-llllllllllllllllllllOPHENIX 70 b.| 11 -lllllllllllllllllllllllllllllllllllllll
-0‘50 25 30 35 40 45 50 55 60 20 25 30 35 40 45 50 55 60 3 : : : : : + : : : : :
PT [GeV] I:’T [GeV] lepton ET (GeV) lepton ET (GeV)

O Preliminary projections at mid-rapidity (No QCD background effects included)

O Important constraint on anti-u and in particular anti-d distribution functions at mid-
rapidity!

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008 Bernd Surrow
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Summary and Outlook

O Summary - RHIC-SPIN

o

Successful polarized proton collisions at high energies at RHIC at

Brookhaven National Laboratory

QCD: Critical role to interpret measured asymmetries - First global

analysis

Strong constraint on the size of Ag from RHIC data for 0.05 < x < 0.2

Evidence for a small gluon polarization over a limited region of

momentum fraction (0.05 < x < 0.2)

Important: Mapping x-dependence and extension of x-coverage

needed - Critical to reduce large uncertainties on first moment of Ag

Next critical step: Improved precision and Measurements to constrain

shape of Ag (Di-Jet production and Photon-Jet production)

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008 Bernd Surrow



Summary and Outlook
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O Outlook - RHIC SPIN

LRec? ri(i:j Main physics Objective Remarks
O Three key Hminostty
, N 1 Gluon polarization using di-jets and
elements: 20 precision inclusive measurements ALY E27
O Gluon polarization W production (Important consistency
~100pb* check to DIS results - Phase I) 500 GeV
O Quark / Anti- Gluon polarization (Di-Jets / Photon-Jets)
S W production (Constrain antiquark
Polarization ~300pb™! polarization - Phase IT) 500 GeV
Gluon polarization (Di-Jets / Photon-Jets)
O Transverse spin
dynamics ~30pb™! Transverse spin gamma-jet 200 GeV
o Critical ~250pb™! Transverse spin Drell-Yan (Long term) 200 GeV

O Beam polarization: 70% / Narrow vertex region / Spin flipper for high precision asymmetry measurements

O Critical: Sufficient running time!

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008

http://spin.riken.bnl.gov/rsc/
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http://www.er.doe.gov/np/nsac/docs/Nuclear-Science.Low-Res.pdf
http://www.er.doe.gov/np/nsac/docs/Nuclear-Science.Low-Res.pdf

Summary and Outlook

O NSAC recommendations 2007 - QCD physics at RHIC

2OUR1DS Je3PN JO SIP13U0I{ Y]

The Frontiers of Nuclear Science

L00Z Jaquiaoag

A LONG RANGE PLAN

NSAC Recommendation (2007): RHIC IT

The experiments at the Relativistic Heavy Ion Collider have discovered a
new state of matter at extreme temperature and density - a quark-gluon
plasma that exhibits unexpected, almost perfect liquid dynamical
behavior. We recommend implementation of the RHIC IT luminosity
upgrade, together with detector improvements, to determine the

properties of this new state of matter.

NSAC Recommendation (2007): EIC

We recommend the allocation of resources to develop accelerator and
detector technology necessary to lay the foundation for a polarized
Electron-Ion Collider. The EIC would explore new QCD frontier of strong

color fields in nuclei and precisely image the gluons in the proton.

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

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008
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Summary and Outlook

0O RHIC program evolution
2008 2010 2015 2020

RHIC Il physics runs

S | eRch_phvgc>

__Detector Upgrades: $35M

‘iBI{: $20M
RHIC II: $10M
;;0(;- ::0|ing of ion beams o _GRELC: ~$750M [FY07$] i
CDO e beam + new detector

—————— R&D
~— + Construction
— . — . —¢ Multiple small projects

CDO0: DOE Critical Decision, mission need

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008 Bernd Surrow
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Backup - RHIC detector upgrades

O Outlook - Detector Upgrades

O Upgrade of STAR Forward Tracking System (Forward
GEM Tracker - FGT) to study anti-quark polarization in W

production in polarized p+p collisions

O Upgrade of STAR Inner Tracking System (Heavy Flavor
Tracker - HFT) to study heavy flavor physics in

relativistic-heavy ion and p+p collisions

NSAC Recommendation (2007): RHIC IT

"...we recommend implementation of the RHIC IT luminosity

upgrade, together with detector improvements...!

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008 Bernd Surrow



Backup - EIC physics
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O Qutlook - EIC

O New insight into
spin structure
and dynamics of
the proton at a
future
Electron-Ion

Collider facility:

O Precision inclusive measurements - Scaling

violation of gP

= Gluon polarization at low x

O Semi-Inclusive measurements

= Quark flavor studies at low x

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008

e(k/) 10 _IIIII T |||||||| T ||||||||
[ x=0.0007
x = 0.0025
- % 4 x=0.0063
. _,,+ x = 0.0141 | 25<Q@%<7.5GeV?
X 00245 _1 HH‘ \\\\HH‘ \\\\HH‘ Lo
X (P, 1k ,‘.,_——+——+ « = 0.0346 10° 102 100
50 . . x=0.0490 -
O £ x=0.0775
+ r/,‘ri x = 0.122 6\
R x =0.173
~—-;+—+—+——; x = 0.245 o)
55; Al Il L@ﬁ
0.1F u“\"'\*\L x = 0.346 ?% .
i Rl
B
T m E155 + x =0.490
[ 4 E143 | |
| * SMC * x = 0.735
HERMES
0.01 I 1 IIIIIIII 1 IIIIIIII 1 11 1 1111
100 101 102 103 104
Q%(GeV?)
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Backup - ALL charged pions

O AL charged pion 2005 result - STAR

p+p — « + X at \s=200 GeV << 1 P +p — n* + X at \s=200 GeV 1<n<1
< 01 — GRSV-STD < 0.1~ — GRsV-STD
- — AG=0 - — AG=0
| — AG=G | — AG=G
o.os-wazﬁ/ 0.05— . AG=—G
—_— I
0 v + 0 e ——— -
005 ° JETPATCH 005 " JETPATCH
| 2006 STAR Projections | 2006 STAR Projections
-0.1—1111 Ll Ll Il Illlkllllllllllllll Ll -0.1_11 ll Ll - llllllllllllljlllllllll
2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10
x P; (GeVr/c) x* P; (GeV/c)

o A (m)/ Al (") allows to track sign of AG at high p; (qg process
dominates)

® Maximum gluon polarization (GRSV-MAX) scenario disfavored

® Improved precision with Run 6 data

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008 Bernd Surrow



O Quark / Anti-Quark polarization program at STAR
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Backup - e*/e” separation

| charge reco effciency, CONFIG=C, Pt=30 GeVlc |

e 1

0.2—

0.8
0.6

04

F o |Vertex Z
I |+ - 30om
0 em

<3 +30cm

4& ................ ______

)

! : : : H
Ly e s e s

—

Wed Jan 10 10:24:22 2007

Conclusion:

L IIIIIiII
1.5 2 2.5 3

generatedn

L L S
R |

it
Reach of /: W] e
EEMC um:—-- 4Wm e R — '¢' ......

Acceptance - [ e IR
[ | +30em : ' : :

....................................................................

TPC + FGT Tracking, e et s e
pr = 30 GeV/c S

Fridum 18105800 2081 generated

6 triple-GEM disks, assumed spatial resolution
60 m in x and y (Fairly insensitive for
60-100 1t m)

Charge sign reconstruction impossible Charge sign reconstruction probability above

beyond n

=~1.3

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008

90% for 30 GeV p; over the full acceptance of
the EEMC for the full vertex spread

Bernd Surrow
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Backup - e/h separation

O Quark / Anti-Quark polarization program at STAR

O e/h separation: Full PYTHIA QCD background and W signal sample including detector effects

| QCD-background ET spectrum after each cut in sequence | I W+ ET spectrum after each cut in sequence | | W- ET spectrum after each cut in sequence |
8 ; ; 8 2,
c H i 2 0
o ET ¢G 1<n<2 §0 g ..........
S ¢ P A S e S e e R e —— o :
5] Inte -uminosity = 800 pb o EONRSOUOOOOOON SOONSOMONNNNN ¢ wovm 50~ O SOOI OO pras -
80 (o] 5 o e
- PR SSOUPUUOPPUVORIORES SUORIOVOUPORORIOR) NUVOUPORIOROROORSY. . B~ # = AU . o
@ o o
a a . Q
E £ i £
504 E 210 s 210 L
= I~ T ) st stts Sttt IS A !;
J Tk hw | I i
10 E F’h;ise Space Culs [ Phase Space Culs L
— Cut5 Cuts i
A Cut5&6 1+ i [ Cut5&6
Cuts-7 b ) e eo000eod] Cut 5-7
.......................... A
102 ] R {1 N e =1 i = g:: 2:2 e
E : Cut 510 Cut5-10
r HEEER I N cuts-11[Towmpmeessesootgmtyr o Cut5-11 [
- 1 H g | .............. Cut5-12 J
10 ‘ Cut5-13 L 1 Cut5-13 L
E = 10 Cut 5-14 10 Cut5-14
= - ' —=== i i e L 0 10 20 30 40 50 |
0 50 60 0 10 20 30 40 50 60 EMC ET(GeV
EMC_ET(GeV) EMC_ET(GeV) U=

O e/h separation based on global cuts (isolation/missing Et) and EEMC specific cuts as

O With current algorithm: Et> 25GeV yields S/B > 1 (For Ev< 25GeV S/B ~ 1/5) used for AL

uncertainty estimates

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008 Bernd Surrow



DESY, Tuesday Seminar

Backup - EIC options |

0O EIC facilities ELIC (JLAB): Add hadron beam
facility to existing electron facility

eRHIC (BNL): Add Energy Recovery

Linac to RHIC CEBAF

E, = 10 (20) GeV B, =9 GeV

EA . 100 GCV (llp to U) EA — 90 GGV (up to All)
Vs = 57 GeV

Vs = 63 (90) GeV

Lea, (peak)/n ~2.9-10% cm? s LA, (peak)/n ~1.6:10° cm= s-!

Electron o
e-cooling (RHIC IT) Cooling

(Linac-Ring)

PHENIX
Main ERL (2 GeV per pass)

Hamburg, Germany, July 08, 2008
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O Timeline

o

(@)
(@)
(@)
O

Backup - EIC roadmap

50

NSAC Long Range Plan 2007

Recommendation: $6M/year for 5 years for machine and detector R&D

Goal for Next Long Range Plan ~2012

High-level (fop) recommendation for construction

EIC Roadmap (Technology Driven)

O 0o 0o o g g ad

a

Finalize Detector Requirements from Physics
Revised/Initial Cost Estimates for eRHIC/ELIC
Investigate Potential Cost Reductions

Establish process for EIC design decision
Conceptual detector designs

R&D to guide EIC design decision

EIC design decision

MOU's with foreign countries?

DESY, Tuesday Seminar
Hamburg, Germany, July 08, 2008

2008
2008
2009
2010
2010
2011
2011
2012

Goal I: High-level
recommendation at
next LRP

Goal IT: CD-0
Mission Need
before next LRP

Goal IIT: Decision

on EIC design
before next LRP

Bernd Surrow
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Backup - EIC kinematic region |

O Kinematics

O Comple‘ISOH HERA / EIC / FIXCd-TGI"geT exper‘lmer\TS EIC (eA) event topology (Ee=10 GeV, En/A=1OO GeV)

o 104

NA g

3 104 BEENMA :

10%E

= : E_chmsev +100 GeV/n E
(@] L E66580 GeV +100 GeV/n

103;= E'S‘LA@GGV“LQO GeV/n 1025-

% CCFR
ElZELR BPC 1995

e [l 25U R40% 188%evin

-
o
N
I

10 ¢

Terra incognita:
small-x, Q*Q,
high-x, large Q2

DESY, Tuesday Seminar
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O Collider upgrades: Cooling

O Stochastic Cooling can help reduce beam emittance

O Less effective than e cooling, but cheaper and

earlier implementation

O First test with longitudinal cooling in yellow ring

Integrated luminosity increased 10-20%
after stochastic cqoling introduced for
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Backup - RHIC program and RHIC II I f
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Backup - RHIC program and RHIC II

O Collider upgrades: EBIS source

New high brightness, high charge-state pulsed ion source
Replaces 35 year old Tandem Van de Graafs
Improved reliability, lower operations costs

Enables new beams: noble gas ions, Uranium, polarized 3He
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