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Recent results on hadron / jet and W production
of the 

high-energy polarized p+p program 
at RHIC at BNL
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Current status:

Data only from fixed-target experiments (Limited 

reach in x and Q2) mostly at lower energy

Quark spin contribution is small (~25%):

Δg - from scaling violations - unconstrained so far!  
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Theoretical foundation
Quark / Gluon polarization from incl. DIS data
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Spin sum rule:

�⇥ = �u + �ū + �d + �d̄ + �s + �s̄

(R.L. Jaffe and A. Manohar, Nucl. Phys. B337, 509 (1990))

�qi(Q2) =
� 1

0
�qi(x,Q2)dx �G(Q2) =

� 1

0
�g(x,Q2)dx

�� = 0.242 (Q2 = 10GeV2)
(D. deFlorian et al., Phys. Rev. D80, 034030 (2009))

1

2
�⌃ = 0.121

1
2

= �Sq⇥ + �Sg⇥ + �Lq⇥ + �Lg⇥



Observable: Quark/Anti-quark 

polarization (W production) 

Longitudinal single-spin 

asymmetry AL

Parity (Spatial inversion) violating 

for W production!

AL =
�+ � ��
�+ + ��
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Theoretical foundation
Explore proton spin structure using high-energy polarized p+p collisions
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=
�f1 � �f2 � �h · aLL � Dh

f

f1 � f2 � �h � Dh
f

�f1

aLL =
��h

�h Input
long-range short-range long-range

�f1

�f2

�h
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Observable: Gluon polarization 

(Jet/Hadron production)

Double longitudinal single-spin 

asymmetry ALL

ALL =
�++ � �+�
�++ + �+�
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Experimental aspects - RHIC
The world’s first polarized proton-proton collider
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Experimental aspects - RHIC
The world’s first polarized proton-proton collider
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Absolute Polarimeter 
  (H jet)

RHIC pC Polarimeter

PHENIX

STAR

Siberian Snakes

Spin Rotators

Siberian Snakes

Pol. Proton 
Source 200 MeV Polari-

meter

Rf Dipole Strong AGS snake

AGS polarimeters

Helical Partial 
Siberian Snake

Partial Snake
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Experimental aspects - RHIC
The world’s first polarized proton-proton collider
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Blue beam helicity:   -  -  +  + 
Yellow beam helicity:

   

+  -  +  -  

spin 
rotator

spin 
rotator

spin 
rotator

spin 
rotator

+  helicity

-  helicity
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Experimental aspects - RHIC
Polarized p-p collisions
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Long production runs at 

√s=200GeV (long. 

polarization) in 2009: Jet 

and Hadron production 

(Gluon polarization)

Collisions of polarized 

proton beams at 

√s=500GeV (long. 

polarization) in 2009, 

2012 and 2013: W 

production (Quark 

polarization)



p

x1

x2

Jet 1

Jet 2

p

e

p

p
x1

x2

W

�̄e

BBC

BEMC

EEMC

TPC

BBC

BEMC

EEMC

TPC

� = � ln
�

tan
�

�

2

��

 

Bernd Surrow5th Workshop on Hadron Physics in China and Opportunities in US 2013
Huangshan, Anhui, China, July 03, 2013

Experimental aspects - STAR
Overview
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Calorimetry system with 
2π coverage: BEMC 
(-1<η<1) and EEMC (1<η<2)

TPC: Tracking and 
particle ID

ZDC: Relative 
luminosity and local 
polarimetry (500GeV) 

BBC: Relative 
luminosity and 
Minimum bias trigger
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Experimental aspects - PHENIX
Overview
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π0, η, γ
Electromagnetic Calorimeter (PbSc/PbGl) 

(|η <0.35, φ= 2 x π/2)
π±, e, J/ψ→e+e-

Drift Chamber (DC) 
Ring Imaging Cherenkov Detector (RICH)
Electromagnetic Calorimeter (PbSc/PbGl)

µ, J/ψ→µ+µ-

Muon Id/Muon Tracker (1.2<|η|<2.4  + 2π)
π0, η    

MPC (3.1<|η|<3.9 + 2π)
Relative Luminosity

Beam Beam Counter (BBC)  (3.0< η<3.9)

Zero Degree Calorimeter (ZDC)



AL =
�+ � ��
�+ + ��

=
1
P

N+ �RN�
N+ + RN�

ALL =
�++ � �+�
�++ + �+�

=
1

P1P2

N++ �RN+�
N++ + RN+�

 

Bernd Surrow5th Workshop on Hadron Physics in China and Opportunities in US 2013
Huangshan, Anhui, China, July 03, 2013

Experimental aspects - Asymmetry measurement
Double and single longitudinal spin asymmetry measurements
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Require concurrent measurements:

Longitudinal beam polarization P1(2)                                                           

at STAR IR

Direction of polarization vector 

Relative luminosity R of bunch 

crossings with different spin 

directions                                                                                  

Spin dependent yields of process 

of interest Nij
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Recent results - Gluon polarization program
Measurement: Connection of Δg and ALL
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�G(Q2) =
� 1

0
�g(x,Q2)dx

�g < �g < +gExamine wide range in Δg:

GRSV-STD: Global QCD analysis of 
polarized DIS experiments only!   

�G(Q2 = 1GeV 2) � 1.8

�G(Q2 = 1GeV 2) � 0.4

M. Gluck et al. PRD 63 (2001) 094005.
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Recent results - Gluon polarization program
Measurement: Connection of Δg and ALL
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Recent results - Gluon polarization program
Measurement: Connection of Δg and ALL
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Recent results - Gluon polarization program
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Preliminary Run 6

STAR

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

Data are well described by NLO pQCD plus hadronization and 
underlying event corrections

Corrections are significant at low jet pT



 

Bernd Surrow5th Workshop on Hadron Physics in China and Opportunities in US 2013
Huangshan, Anhui, China, July 03, 2013

Recent results - Gluon polarization program
13

Mid-rapidity Inclusive Jet ALL measurement (Run 9)
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Recent results - Gluon polarization program
13

Mid-rapidity Inclusive Jet ALL measurement (Run 9)
Run 6 ALL measurement 

between GRSV-STD and 

GRSV-ZERO
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Recent results - Gluon polarization program
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Mid-rapidity Inclusive Jet ALL measurement (Run 9)
Run 6 ALL measurement 

between GRSV-STD and 

GRSV-ZERO

Run 9 ALL measurement 

between GRSV-STD and 

DSSV / Clearly above at low pT
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Z 0.2

0.05
�g(x,Q2 = 10GeV2)dx = 0.13

(D. deFlorian et al., 
Prog. Nucl. Part. Phys. 67, 251 (2012))
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Data are well described by NLO pQCD calculations

Run 9 ALL results slightly above DSSV fit result (Incl. 

PHENIX and STAR Run 5/6 results)

PHENIX Collaboration, PRL103, 012003 (2009)
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TABLE I: Data used in our analysis [2, 3], the individual
χ2 values, and the total χ2 of the Þt . We employ cuts of
Q, pT > 1GeV for the DIS, SIDIS, and RHIC high-pT data.

experiment data data points χ2

type Þt ted

EMC, SMC DIS 34 25.7
COMPASS DIS 15 8.1
E142, E143, E154, E155 DIS 123 109.9
HERMES DIS 39 33.6
HALL-A DIS 3 0.2
CLAS DIS 20 8.5

SMC SIDIS, h± 48 50.7
HERMES SIDIS, h± 54 38.8

SIDIS, π± 36 43.4
SIDIS, K± 27 15.4

COMPASS SIDIS, h± 24 18.2

PHENIX (in part prel.) 200 GeV pp, π0 20 21.3
PHENIX (prel.) 62GeV pp, π0 5 3.1
STAR (in part prel.) 200 GeV pp, jet 19 15.7

T OTA L : 467 392.6

spond to the maximum variations for ALL computed with
alternative fits consistent with an increase of ∆χ2 = 1 or
∆χ2/χ2 = 2% in the total χ2 of the fit.

Our newly obtained antiquark and gluon PDFs are
shown in Fig. 2 and compared to previous analysis [4, 6].
For brevety, the total ∆u+∆ū and ∆d+∆d̄ densities are
not shown as they are very close to all other fits [4–6].
Here, the bands correspond to fits which maximize the
variations of the truncated first moments,

∆f1,[xmin−xmax]
j (Q2) ≡

∫ xmax

xmin

∆fj(x, Q2)dx, (8)

at Q2 = 10 GeV2 and for [0.001 − 1]. As in Ref. [6]
they can be taken as faithfull estimates of the typical
uncertainties for the antiquark densities. For the elusive
polarized gluon distribution, however, we perform a more
detailed estimate, now discriminating three regions in x:
0.001-0.05, 0.05-0.2 (roughly corresponding to the range
probed by present RHIC data), and 0.2-1.0. Within each
region, we scan again for alternative fits that maximize
the variations of the truncated moments ∆g1,[xmin−xmax],
sharing evenly to ∆χ2. In this way we can produce a
larger variety of fits than for a single ([0.001−1]) moment,
and, therefore, a more conservative estimate. Such a pro-
cedure is not necessary for antiquarks whose x-shape is
already much better determined by DIS and SIDIS data.
One can first of all see in Fig. 2 that ∆g(x, Q2) comes out
rather small, even when compared to fits with a “moder-
ate” gluon polarization [4, 6], with a possible node in the
distribution. This is driven by the RHIC data which put
a strong constraint on the size of ∆g for 0.05 ! x ! 0.2
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but cannot determine its sign as they mainly probe ∆g
squared. To explore this further, Fig. 3 shows the χ2

profile and partial contributions ∆χ2
i of the individual

data sets for variations of the moment computed for this
x range. A nice degree of complementarity and consis-
tency between is found. A small ∆g at x # 0.2 is also
consistent with data for ALL from lepton-nucleon scatter-
ing [15], which still lack a proper NLO description. The
small x region remains still largely unconstrained.

We also find that the SIDIS data give rise to a ro-
bust pattern for the sea polarizations, clearly deviating
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TABLE I: Data used in our analysis [2, 3], the individual
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For brevety, the total ∆u+∆ū and ∆d+∆d̄ densities are
not shown as they are very close to all other fits [4–6].
Here, the bands correspond to fits which maximize the
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they can be taken as faithfull estimates of the typical
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detailed estimate, now discriminating three regions in x:
0.001-0.05, 0.05-0.2 (roughly corresponding to the range
probed by present RHIC data), and 0.2-1.0. Within each
region, we scan again for alternative fits that maximize
the variations of the truncated moments ∆g1,[xmin−xmax],
sharing evenly to ∆χ2. In this way we can produce a
larger variety of fits than for a single ([0.001−1]) moment,
and, therefore, a more conservative estimate. Such a pro-
cedure is not necessary for antiquarks whose x-shape is
already much better determined by DIS and SIDIS data.
One can first of all see in Fig. 2 that ∆g(x, Q2) comes out
rather small, even when compared to fits with a “moder-
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a strong constraint on the size of ∆g for 0.05 ! x ! 0.2

-0.02

-0.01

0

0.01

0.02
2 4 6 8

A
π

A
LL

0

p
T
 [GeV]

PHENIX

PHENIX (prel.)

STAR

STAR (prel.)

DSSV
DSSV Δχ

2
=1

DSSV Δχ
2
/χ

2
=2%

A
jet

A
LL

p
T
 [GeV]

-0.05

0

0.05

10 20 30

FIG. 1: Comparison of RHIC data [3] and our Þt . The shaded
bands correspond to ∆χ2 = 1 and ∆χ2/χ2 = 2% (see text ).

-0.04

-0.02

0

0.02

0.04

-0.04

-0.02

0

0.02

0.04

-0.04

-0.02

0

0.02

0.04

10
-2

10
-1

DSSV

DNS

GRSV

DSSV Δχ
2
=1

DSSV Δχ
2
/χ

2
=2%

xΔu
–

xΔd
–

xΔs
–

x

Q
2
 = 10 GeV

2 GRSV max. Δg

GRSV min. Δg

xΔg

x

-0.2

-0.1

0

0.1

0.2

0.3

10
-2

10
-1

FIG. 2: Our polarized sea and gluon densit ies compared to
previous Þts [4, 6]. The shaded bands correspond to alterna-
t ive Þts with ∆χ2 = 1 and ∆χ2/χ2 = 2% (see text ).

but cannot determine its sign as they mainly probe ∆g
squared. To explore this further, Fig. 3 shows the χ2

profile and partial contributions ∆χ2
i of the individual

data sets for variations of the moment computed for this
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tency between is found. A small ∆g at x # 0.2 is also
consistent with data for ALL from lepton-nucleon scatter-
ing [15], which still lack a proper NLO description. The
small x region remains still largely unconstrained.
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region, we scan again for alternative fits that maximize
the variations of the truncated moments ∆g1,[xmin−xmax],
sharing evenly to ∆χ2. In this way we can produce a
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shown in Fig. 2 and compared to previous analysis [4, 6].
For brevety, the total ∆u+∆ū and ∆d+∆d̄ densities are
not shown as they are very close to all other fits [4–6].
Here, the bands correspond to fits which maximize the
variations of the truncated first moments,

∆f1,[xmin−xmax]
j (Q2) ≡

∫ xmax

xmin

∆fj(x, Q2)dx, (8)

at Q2 = 10 GeV2 and for [0.001 − 1]. As in Ref. [6]
they can be taken as faithfull estimates of the typical
uncertainties for the antiquark densities. For the elusive
polarized gluon distribution, however, we perform a more
detailed estimate, now discriminating three regions in x:
0.001-0.05, 0.05-0.2 (roughly corresponding to the range
probed by present RHIC data), and 0.2-1.0. Within each
region, we scan again for alternative fits that maximize
the variations of the truncated moments ∆g1,[xmin−xmax],
sharing evenly to ∆χ2. In this way we can produce a
larger variety of fits than for a single ([0.001−1]) moment,
and, therefore, a more conservative estimate. Such a pro-
cedure is not necessary for antiquarks whose x-shape is
already much better determined by DIS and SIDIS data.
One can first of all see in Fig. 2 that ∆g(x, Q2) comes out
rather small, even when compared to fits with a “moder-
ate” gluon polarization [4, 6], with a possible node in the
distribution. This is driven by the RHIC data which put
a strong constraint on the size of ∆g for 0.05 ! x ! 0.2
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but cannot determine its sign as they mainly probe ∆g
squared. To explore this further, Fig. 3 shows the χ2

profile and partial contributions ∆χ2
i of the individual

data sets for variations of the moment computed for this
x range. A nice degree of complementarity and consis-
tency between is found. A small ∆g at x # 0.2 is also
consistent with data for ALL from lepton-nucleon scatter-
ing [15], which still lack a proper NLO description. The
small x region remains still largely unconstrained.

We also find that the SIDIS data give rise to a ro-
bust pattern for the sea polarizations, clearly deviating
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TABLE I: Data used in our analysis [2, 3], the individual
χ2 values, and the total χ2 of the Þt . We employ cuts of
Q, pT > 1GeV for the DIS, SIDIS, and RHIC high-pT data.

experiment data data points χ2

type Þt ted
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COMPASS DIS 15 8.1
E142, E143, E154, E155 DIS 123 109.9
HERMES DIS 39 33.6
HALL-A DIS 3 0.2
CLAS DIS 20 8.5

SMC SIDIS, h± 48 50.7
HERMES SIDIS, h± 54 38.8

SIDIS, π± 36 43.4
SIDIS, K± 27 15.4

COMPASS SIDIS, h± 24 18.2
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∆χ2/χ2 = 2% in the total χ2 of the fit.

Our newly obtained antiquark and gluon PDFs are
shown in Fig. 2 and compared to previous analysis [4, 6].
For brevety, the total ∆u+∆ū and ∆d+∆d̄ densities are
not shown as they are very close to all other fits [4–6].
Here, the bands correspond to fits which maximize the
variations of the truncated first moments,
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∫ xmax

xmin

∆fj(x, Q2)dx, (8)

at Q2 = 10 GeV2 and for [0.001 − 1]. As in Ref. [6]
they can be taken as faithfull estimates of the typical
uncertainties for the antiquark densities. For the elusive
polarized gluon distribution, however, we perform a more
detailed estimate, now discriminating three regions in x:
0.001-0.05, 0.05-0.2 (roughly corresponding to the range
probed by present RHIC data), and 0.2-1.0. Within each
region, we scan again for alternative fits that maximize
the variations of the truncated moments ∆g1,[xmin−xmax],
sharing evenly to ∆χ2. In this way we can produce a
larger variety of fits than for a single ([0.001−1]) moment,
and, therefore, a more conservative estimate. Such a pro-
cedure is not necessary for antiquarks whose x-shape is
already much better determined by DIS and SIDIS data.
One can first of all see in Fig. 2 that ∆g(x, Q2) comes out
rather small, even when compared to fits with a “moder-
ate” gluon polarization [4, 6], with a possible node in the
distribution. This is driven by the RHIC data which put
a strong constraint on the size of ∆g for 0.05 ! x ! 0.2
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but cannot determine its sign as they mainly probe ∆g
squared. To explore this further, Fig. 3 shows the χ2

profile and partial contributions ∆χ2
i of the individual

data sets for variations of the moment computed for this
x range. A nice degree of complementarity and consis-
tency be