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Theoretical foundation |

O How do we probe the structure and dynamics of matter in ep vs. pp scattering?
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Theoretical foundation

Picture of the proton from polarized ep scattering

O Spin sum rule:
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Theoretical foundation

O Picture of the proton from polarized ep scattering %
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Theoretical foundation

O Status: Polarization of quarks and gluons from a global QCD analysis (DSSV)
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Theoretical foundation
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Experimental aspects - RHIC
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Experimental aspects - RHIC I

O The world's first polarized proton-proton collider
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Experimental aspects - RHIC

O RHIC p+p performance Polarized proton runs
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Experimental aspects - STAR

O OQverview
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Experimental aspects - Asymmetry measurement

O Double and single longitudinal spin asymmetry measurements
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Gluon measurements: Jet/Hadron production

O RHIC gluon polarization: Inclusive measurements
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Gluon measurements: Jet/Hadron production

Spin 2012 / 20th International Spin Physics Symposium
Dubna, Russia, September 16-22, 2012

12

Bernd Surrow



12

Gluon measurements: Jet/Hadron production |

O RHIC gluon polarization - Correlation Measurements

b

O  Correlation measurements provide access to partonic kinematics
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Gluon measurements: Jet/Hadron production |

O RHIC gluon polarization - Correlation Measurements

O  Correlation measurements provide access to partonic kinematics
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Gluon measurements: Jet/Hadron production |

O RHIC gluon polarization - Correlation Measurements

O  Correlation measurements provide access to partonic kinematics
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Gluon measurements: Jet/Hadron production |

O RHIC gluon polarization - Correlation Measurements

O  Correlation measurements provide access to partonic kinematics
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O Di-Jet production / Photon-Jet production

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

O Photon-Jet: One dominant underlying (LO) process

O Larger cross-section for di-jet production compared to photon

related measurements
O  Photon reconstruction more challenging than jet reconstruction

O  Full NLO framework exists = Input to Global QCD analysis

Spin 2012 / 20th International Spin Physics Symposium
Dubna, Russia, September 16-22, 2012
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Recent results - Gluon polarization program

O Measurement: Connection of Ag and AL
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AG(Q* =1GeV?) = 0.1

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

O GRSV-STD: Global QCD analysis of

polarized DIS experiments only!
M. Gluck et al. PRD 63 (2001) 094005.
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Recent results - Gluon polarization program

O Jet reconstruction / Inclusive Jet data sample

O Jet algorithm:

R= AP+ Ag?
P = i
O Seed energy = 0.5GeV
JP 6 10
O Cone radius R = 0.7 L are Ty gt P8

O Mid-point cone algorithm

O Splitting/merge fraction = 0.5
O Jet trigger:

0 1X1in& X n patches of 400 BEMC

JP5
towers

O Data sample:

0 2009 AL analysis: L=20pb! / P=58%

O 2006 cross-section: 5.39pb-!

Spin 2012 / 20th International Spin Physics Symposium
Dubna, Russia, September 16-22, 2012 Bernd Surrow
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Recent results - Gluon polarization program

O  Mid-rapidity Inclusive Jet cross-section measurement (Run 6)

©] e STARRuUn-6
0 |
o
b
o]
(0]
<
|_
=
o)
3 o]
<
l_
o
©
Q
0 .
o1 Data-theory Comparison
of Inclusive Jet Cross Section
pp @ 200 GeV
o Cone Radius = 0.7
~71 -08<n<08

Systematic Uncertainty
Theoretical Uncertainty

J'Ldt =539 pb!

15 20 25 30 35 40 45 50 55

pr [GeV]

O Data are well described by NLO pQCD plus hadronizationand -

underlying event corrections

O Corrections are significant at low jet pr

Spin 2012 / 20th International Spin Physics Symposium
Dubna, Russia, September 16-22, 2012
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Recent results - Gluon polarization program

O Mid-rapidity Inclusive Jet AL measurement - Improved precision (Run 3/4, 5 and 6)

Spin 2012 / 20th International Spin Physics Symposium
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Recent results - Gluon polarization program

O Mid-rapidity Inclusive Jet ALL measurement - Improved precision (Run 3/4, 5 and 6)
STAR p +p — jet + X at \s=200 GeV 0.2 <n<0.8

0.15_
{—' . — GRSV-std
- = . GRSV Ag =g input
0.10— :
- ==== GRSV Ag =0input
C GRSV Ag = -g input ey
0.05— -
L —
. e
- , —
oi-vve.k--_ g — e e = - -
: t !
-0.05_—
-0.10—
Ec 05w 0 o 55 W 5 6 W g oaoa W 5 5w Ml 5
0:45="% 8 10 12 14 16
STAR Collaboration, Phys. Rev. Lett. 97 (2006) 252001. p T [G eV/ c,
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Recent results - Gluon polarization program

O Mid-rapidity Inclusive Jet ALL measurement - Improved precision (Run 3/4, 5 and 6)
STAR p +p —jet+ X at Js=200 GeV 0.2<n<0.8

0'15~
<—_,' - = GRSV-std
- = . GRSV Ag =g input
0.10— :
- ==== GRSV Ag =0 input
B GRSV Ag = -g input ____._-""—__
0.05 g 1 (R
' /
B , —
- , —
= )
Oi-.¢-i- ___________________________ D = m----
e ' !
-0.05—
-0.10[—
RSN T TN RN RN O [N O T NN [N O N T RN T OO N YR T T | T
0.1 8 10 12 14 16
STAR Collaboration, Phys. Rev. Lett. 97 (2006) 252001. p T [Gev,c-
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O Mid-rapidity Inclusive Jet AL measurement - Improved precision (Run 3/4, 5 and 6)

0.05

-0.05

Recent results - Gluon polarization program
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L ‘ ]
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[ --.GSC

~ — DSSV

o 2

: // _

+9.4% scale uncertainty from

polarization not shown
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STAR Collaboration, Phys. Rev. Lett. 100 (2008) 232003.
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Recent results - Gluon polarization program

O Mid-rapidity Inclusive Jet AL measurement - Improved precision (Run 3/4, 5 and 6)
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Recent results - Gluon polarization program

O Mid-rapidity Inclusive Jet ALL measurement - Improved precision (Run 3/4, 5 and 6)
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STAR Collaboration, Phys. Rev. D 86 (2012) 32006.
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Recent results - Gluon polarization program

O Mid-rapidity Inclusive Jet ALL measurement - Improved precision (Run 3/4, 5 and 6)
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Recent results - Gluon polarization program

O Mid-rapidity Inclusive Jet ALL measurement - Improved precision (Run 3/4, 5 and 6)
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in Al from first
Run 3/4 result to
Run 5 and Run 6

results

O Run 5/6 results
lead to significant
constrain on Ag in
global analysis

(DSSV)
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Recent results - Gluon polarization program

O Mid-rapidity Inclusive Jet ALL measurement - Improved precision (Run 3/4, 5 and 6)
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O Improved precision
in Al from first
Run 3/4 result to
Run 5 and Run 6

results

O Run 5/6 results
lead to significant
constrain on Ag in
global analysis

(DSSV)

O Next:Run 9
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O Mid-rapidity Inclusive Jet ALL systematics (Run 9)

- 0.005

O Point-to-point systematics:
O Non-collision background: 1.9 - 10*
O Residual transverse polarization: 6.4 - 10
O Trigger and reconstruction bias: 15 - 10
O Correlated systematics:
O Relative luminosity: 15 - 10
O Scale uncertainty from beam polarization: 8.8%
O pr (horizontal) uncertainties: 4.6%

O False asymmetry consistent with zerol

Spin 2012 / 20th International Spin Physics Symposium
Dubna, Russia, September 16-22, 2012
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Recent results - Gluon polarization program

O Mid-rapidity Inclusive Jet AL measurement (Run 9)
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Recent results - Gluon polarization program

O Mid-rapidity Inclusive Jet AL measurement (Run 9)
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O Run 6 AL measurement
between GRSV-STD and
GRSV-ZERO
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Recent results - Gluon polarization program

O Mid-rapidity Inclusive Jet AL measurement (Run 9)

DSSV
GRSV-STD
GRSV-ZERO
[ DSSV %2+2% Uncert
[ Relative Luminosity Uncert
® 2009 STAR Preliminary
u 2006 STAR

igTAR

Preliminary Run 9

's=200 GeV pP+p — jet+X Ini<1

+8.8% scale uncertainty from polarization not shown

"5 10 15 20 25 30 35
Particle Jet P (GeV/c)

Spin 2012 / 20th International Spin Physics Symposium
Dubna, Russia, September 16-22, 2012

O Run 6 AL measurement
between GRSV-STD and
GRSV-ZERO

O  Run9 AL measurement
between GRSV-STD and

ZT‘_ 0SSV / Clearly ab |
early aoove ar iow

Bernd Surrow



18

O Run 6 A measurement
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Run 9 AL measurement
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Truncated first moment

constrained by Run 9 A data:
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O Run 6 A measurement

between GRSV-STD and
GRSV-ZERO

O Run9 A measurement

between GRSV-STD and
DSSV / Clearly above at low pr

O Truncated first moment

~ constrained by Run 9 A_ data:

0.2
Ag(z, Q? = 10GeV?)dz = 0.13
0.05

(D. deFlorian et al.,
Prog. Nucl. Part. Phys. 67, 251 (2012))
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Recent results - Gluon polarization program

O Mid-rapidity Inclusive Jet AL measurement (Run 9)
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O Mid-rapidity Inclusive Jet AL measurement (Run 9)
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O Mid-rapidity Inclusive Jet AL measurement (Run 9)
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Recent results - Gluon polarization program

O Mid-rapidity Inclusive Jet AL measurement (Run 9)
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O Ay separated into two h bins (|n|<0.5 and 0.5¢|n|<1.0)

O DSSV smaller at forward nh bin (0.5¢<|n|<1.0) compared to central bin (|n|<0.5)
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Recent results - Gluon polarization program

2 =10 GeV? Ax* =1
O Impact on Ag from RHIC data Q" =10Ge
o I LILI |||||| I LILI |||||| I T rrrre
- /A .4 03
- XAZ \ .
E pugerntianntine \\ _: 0'2
i - N ]
- PRCIUURE S N
§ PO ), 7 01

Spin 2012 / 20th International Spin Physics Symposium
Dubna, Russia, September 16-22, 2012

- 1 O
R 3 -
— — -0.1
- — — GRSV max. Ag 7
[ - -+ GRSV min. Ag )
= 1 L1 11111 1 L1 11111 1 I. L1 1114 :
-2 -1
10 10 X
08 Q2=100GeV %2 p.=28GeV/c{ 10 __
T x10° X
80.6 |- 075
G} S
_ 05 =
A 04 z
0.2 0.25
0 0
T ~ 2p£ 1073 1072 107" 1

Bernd Surrow



Recent results - Gluon polarization program

O Impact on Ag from RHIC data

Q% =10 GeV?

~ 0.2
1\ L ; ;
o — GRSV-STD Ag=Agy,
x i i
,‘? -+ GRSV-ZEROAg=0
L
0k
| — Dpssv | | |
L S
0.2 L Lol \ \ L
-4 - -2 -1
10 T 10 10 1
X

Spin 2012 / 20th International Spin Physics Symposium
Dubna, Russia, September 16-22, 2012

Q? = 10 GeV?

= I/I IIIIIII 1 1 IIIIIII 1 \l IR s
__ / \ __
i \ _
~ | .-ﬁ‘.:._-.h,.. \ -
B s N\ i
B ./°/’ ————————— ‘\: \ \ —
L /.f__" ’\\.\ —
= —°--" A -
—_,.z-" =
L, E i
- — — GRSV max. Ag 7
[ -+ - GRSV min. Ag ]
= 1 1 L1111l 1 1 L1111l 1 I. L1 1118
-2 -1
10 10 X
08 0Q2=100GeV /2 b =28 GeV/c —
T 5
x10
80.6 |-
G)
Aa04
0.2

Bernd Surrow

dN /d(log x)



Recent results - Gluon polarization program

O Impact on Ag from RHIC data

~ 0.2

[\ L : :
o — GRSV-STD Ag=Agy,
x i i
g - GRSV-ZEROAg=0

005

ok
T 10 0" E
X

Spin 2012 / 20th International Spin Physics Symposium
Dubna, Russia, September 16-22, 2012

Q=10 GeV? AG(QQ) :/

xT

1

Q? = 10 GeV?

Ag($7Q2)d$ H I/I 1 |||||| 1 1 1 IIIIII 1 \; 1 III:
L Ve i

L XAg \ ]

i \ ]

B ) |-ﬁ'-:-_--i~.~.. \ -

B ./. —————————— ‘\i \. \ —

B o/._f——— :\\ \ —

i ez-"" = N -

_—,0!“' ]
b i -

- — — GRSV max. Ag -

[ - - - GRSV min. Ag . -

= 1 1 L1111l 1 1 L1111l 1 1 L L1l

_2 _1
10 10 X
1 . ’ | R v e
0.8 Q2=100GeV %2 B v/
v U x10°
£06 |-
G}
a04
0.2
2 0 " L
€x ~ “pPr 107 107 " 107 1
\/g gluon

dN /d(log x)

20

Bernd Surrow



Recent results - Gluon polarization program

20

O Impact on Ag from RHIC data
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O Impact on Ag from RHIC data
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O Strong constraint on the size of Ag from RHIC data, in

particular STAR jet results (Run 9)

O Strong indication for a small, non-zero AG!
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Recent results - Gluon polarization program

O Di-Jet reconstruction / Di-Jet data sample
O Data/MC
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Recent results - Gluon polarization program

O Mid-rapidity Di-Jet kinematics (Run 9) M = /sy/z172  mg 4y =Int
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Recent results - Gluon polarization program

O Mid-rapidity Di-Jet cross-section and AL measurement (Run 9)

Full Acceptance
O ALL measurements fall in-
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Recent results - Gluon polarization program

O Mid-rapidity Di-Jet cross-section and A.L measurement (Run 9)

Full Acceptance
O ALL measurements fall in-
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Recent results - Gluon polarization program

O First STAR Di-Jet ALL measurement in bins of n
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Future prospects - Gluon polarization program

O Future Di-Jet / Inclusive Jet measurements
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Future prospects - Gluon polarization program

O Future Photon-Jet measurements
200GeV: P=0.6 and Lrecordedzsopb_1 500GeV: P=0.5 and Lre(:ol‘ded:3Oopb_1
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O Direct impact on Ag(x)
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O Impact on gluon polarization from STAR inclusive jet measurements
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O Substantial improvement of Ag for x > 0.02 based on a combined
Run 9 + Run 14 data sample of inclusive jet at /s=2006GeV for |n|<1
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O Gluon polarization program AY = 0.242 (Q” = 10GeV?)
(D. deFlorian et al., Phys. Rev. D80, 034030 (2009))

O Several final states (Hadron / Jet) with improved

precision have been measured all pointing to the same EAE _ 0191
conclusion that the gluon polarization is small : ,
O Di-Jet measurement opens the path to constrain the 4 = (Sq) + (Sg) + (L) + (Lg)
2

shape of Ag

O Run 9 results: Precise ALL measurement suggesting
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O Run 12: Successful trans. 2006eV (~20pb! rec.) and long. 510GeV (~85pb™ rec.) runs

O Run 13: Expect long 5006eV run with ~165pb! rec. providing a total of ~250pb! rec. comb.

O Ag: Improved precision at 200GeV / 500GeV and forward jet measurements (low-x)
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