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RHIC- the first polarized pp collider in the world 

•  Spin direction changes from bunch to bunch 
•  Spin rotators provide choice of spin orientation 

PHENIX 

AGS 

BOOSTER 

Spin Rotators 
(longitudinal polarization) 

Solenoid Partial Siberian Snake 

Siberian Snakes 

200 MeV Polarimeter 
AGS Internal Polarimeter 

Rf Dipole 

RHIC pC Polarimeters Absolute Polarimeter (H↑ jet) 

AGS pC Polarimeters 
Strong Helical AGS Snake 

Helical Partial Siberian Snake 

Spin Rotators 
(longitudinal polarization) 

Spin flipper 

Siberian Snakes 

STAR 

Pol. H- Source 
LINAC 

60% to 55% polarization 
√s low to high (510 GeV)	

Qinghua Xu (Shandong U.) Hadron2014, 7/2014 



! 

1
2

=
1
2
"# + "G+ < Lq, g >

Quark spin,  
(~30%)-DIS  

Gluon spin, 
RHIC 

Orbital Angular Momenta 
Little known (DVCS) 

•  Spin sum rule ( longitudinal case, X. Ji ):   

 Spin structure of nucleon 
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"q(x,Q2)  =  q+(x,Q2) # q#(x,Q2)
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•  Polarized parton densities: 
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D. De Florian, R. Sassot, M. Stratmann, W. Vogelsang, PRD80(2009) 

Detailed knowledge on ∆q(x), ∆g(x)- global fit using DIS and pp data 

W@ RHIC 500 GeV  

RHIC (jet, π0, photon) 
200 GeV, 500 GeV  
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The RHIC spin program 

   Longitudinal spin program: determination of helicity distributions: 

•   Gluon polarization ∆g(x) in the nucleon 

   -- inclusive jet, hadrons 

   -- di-jets, γ+jet  

•   Flavor separation: quark & anti-quark polarization 

   -- RHIC 500 GeV program (W± production) 

   Transverse spin program: (Transversity, Sivers, Collins) 

•    Single spin asymmetry AN (SSA) on π0,  jet, W  

•  Azimuthal correlations of hadron & jet ( jet+π± ) 

•    Di-hadron correlations within a jet (IFF) 

Qinghua Xu (Shandong U.) Hadron2014, 7/2014 
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RHIC performance with pp collisions 

   Long runs with
 long. polarization
 at 200 GeV in
 2005, 2006, 2009. 

   Collisions at 500
 GeV with long. pol.
 in 2009, 2012 and 

      2013. 

   Long  runs with
 trans. pol. in 2006,
 2008, 2012 at
 200GeV and 2011
 at 500 GeV. 

    

Qinghua Xu (Shandong U.) Hadron2014, 7/2014 
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STAR - Solenoid Tracker At RHIC 
Magnet 
•  0.5 T Solenoid 
Triggering & Luminosity Monitor 
•  Beam-Beam Counters 

–  3.4 < |η| < 5.0 
•  Zero Degree Calorimeters 
•  Vertex Position Detector 
Central Tracking 
•  Large-volume TPC 

–  |η| < 1.3  
Calorimetry 
•  Barrel EMC (Pb/Scintilator) 

–  |η| < 1.0 
•  Endcap EMC (Pb/Scintillator) 

–  1.0 < η < 2.0 
•  Forward Meson Spectrometer 
-   2.5 < η < 4.0 
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•  Longitudinal spin asymmetry: 

Accessing ∆g(x) in pp collision 

No D
f
!.  Average over

partonic kinematics
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STAR inclusive jet ALL from run9 

•  2009 STAR data is a factor of 4
 more precise than 2006.  
•  The ALL asymmetry is small, but
 clearly non-zero ! 
•  Impact of STAR data in NNPDF 

!g
0.05

0.2
" (x,Q2 = 10GeV 2 )dx = 0.17 ± 0.06 

arXiv: 1406.5539	
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PHENIX- arXiv:1402.6296 

PHENIX results on π0 ALL 
  

  High precision measurement at mid-rapidity 
  Results are consistent with zero within uncertainty	
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arXiv: 1404.4293  

DSSV global analysis including both STAR & PHENIX data 
-Observation of gluon polarization  

 DSSV, PRL113,12001(2014)	

DSSV: arXiv:0904.3821  
DSSV*: DSSV + all new (SI)DIS 
DSSV: DSSV* & RHIC 2009 

  
dx!g ~ 0.2±0.07

0.06 @ 10 GeV2

0.05

1.0

"

To further constrain Δg(x), need to 
go to lower x  
-> higher energy, forward di-jets	



Projections with future jet measurements 

•   Measure inclusive jet ALL with STAR 2012(+2013) of 510 GeV collision.  
•   STAR expects to double the existing 200 GeV data sample during the  
   2015 RHIC run. 
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Inclusive Jet A_LL for |eta|<1
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Qinghua Xu (Shandong U.) Hadron2014, 7/2014 

•  Can we further improve our knowledge on Δg(x)?  Yes!	

arXiv:1304.0079	
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  Access to partonic kinematics 
    through di-jet production 

Correlation measurements with partonic kinematics 

2006 di-jet cross section 
at 200 GeV 

Qinghua Xu (Shandong U.) Hadron2014, 7/2014 
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preliminary 

•  For fixed M, different kinematic regions sample different x ranges 
–  East-east and west-west sample higher x1, lower x2, and 

smaller |cos(θ*)| 
–  East-west samples lower x1, higher x2, and larger |cos(θ*)| 

•  Di-jet allows for constraints on the shape of Δg(x) . 

STAR di-jet ALL from run9 

Qinghua Xu (Shandong U.) Hadron2014, 7/2014 
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Projections of di-jet ALL at 500 GeV 	

•  Projections show expected sensitivity for 2012+2013 data. 
•  Higher energy accesses lower xg  ->Expect smaller ALL 
 

Qinghua Xu (Shandong U.) Hadron2014, 7/2014 

p+p jet+jet+X at 500 GeV 
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Projections of di-jet ALL at 500 GeV (2020+ )	

  This will be the measurement to constrain Δg(x) at lowest
 x before EIC. 

Qinghua Xu (Shandong U.) Hadron2014, 7/2014 

p+p jet+jet+X at 500 GeV 

Bernd Surrow!QCD Evolution Workshop 2014 - QCD2014 !
Santa Fe, NM, May 13, 2014
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Probing sea quark pol. via W production  

! 

AL
W +

=
" + #"#

" + +"#

=
#$u(x1 )d (x2) + $d (x1 )u(x2)

u(x1 )d (x2) + d (x1 )u(x2)
=

  

! 

"
#u(x1 )
u(x1 )

, y
W + >> 0

 #d (x1 )
d (x1 )

, y
W + << 0

•  Quark polarimetry with W-bosons: 

•  Spin asymmetry measurements: 

  

! 

"
#d(x1 )
d(x1 )

,  y
W " >> 0

 #u (x1 )
u (x1 )

,   y
W " << 0

! 
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W-detection through 
high energy lepton 

- 

! 

"#d (x)u(x)

Qinghua Xu (Shandong U.) Hadron2014, 7/2014 
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Expectation of W AL 

•  Large parity-violating 
asymmetries expected 
•  Simplified interpretation 
at forward and backward 
Rapidity.	
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W selection at STAR : Jacobian peak 	

Qinghua Xu (Shandong U.) Hadron2014, 7/2014 

Signal of Jacobian peak with E_T distribution: 	
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NEW RHIC 2012 W AL results   

   	

Qinghua Xu (Shandong U.) Hadron2014, 7/2014 

•  AL of W- shows indication that data is larger than the DSSV predictions 
•  AL of W+ is consistent with theoretical predictions with DSSV pdf. 

arXiv:1404.6880, to appear in PRL	 N. Bandara, AGS user mtg’14	



W ALL results from STAR 

Hadron2014, 7/2014 Qinghua Xu (Shandong U.) 22 
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Global Analysis with STAR 2012 W results   

!d

Qinghua Xu (Shandong U.) Hadron2014, 7/2014 

arXiv:1304.0079	

DSSV+: DSSV+COMPASS 
DSSV++: DSSV+ & STAR-W 2012 

!u
0.05

1
" (x,Q2 )dx

STAR 2012 W results provide  
significant constraints on  	!u, !d.

!u

!d
0.05

1
" (x,Q2 )dx

arXiv:1404.6880, to appear in PRL	
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Big impact from NNPDFpol1.1 global analysis before and after 
including new RHIC/STAR data:	

arXiv: 1406.5539	
NNPDF1.0: only DIS data used. 
NNPDF1.1: pol1.0+RHIC data  +COMPASS open charm. 
*No semi-inclusive DIS data and RHIC pi0 data to avoid
 uncertainty from frag. func. 

Global Analysis with RHIC 2012 W results   
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STAR Run13 dataset- factor of 4 times bigger! 	
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STAR Run 9-13 Projections at 500 GeV 	

      	
star	

Qinghua Xu (Shandong U.) Hadron2014, 7/2014 
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 RHIC: L09!13" = (50 +100 +120 + 475) = 745pb-1

arXiv:1304.0079	

-courtesy of E. Aschenauer 



Summary & Outlook 

  Unique probe of sea quark polarization via W production: 
 

    -  RHIC/STAR 2012 results on W AL provide important constraints on   !

  Observation of positive gluon polarization from RHIC: 

    - Probes with jets and pion, are providing important constraints on ΔG. 
       Global analysis indicates non-zero gluon polarization (0.05<x<0.2). 

     - Correlation measurements (di-jet) with access to partonic kinematics 

27 

!u, !d.

Qinghua Xu (Shandong U.) Hadron2014, 7/2014 

  Future measurements at RHIC will provide better constraints
 and wider x-coverage for gluon and sea quark polarization. 
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Backup Slides	



Jet Reconstruction in pp at STAR  

 

 

 

π-	


Κ0	


π0	
π+	


e- 

e+ 

1） Midpoint cone algorithm 
(Adapted from Tevatron II - hep-ex/0005012) 
 

•   Seed energy ET
seed = 0.5 GeV 

•   Cone radius R = √Δη2+Δφ2 = 0.7 
•    Split/merge fraction f = 0.5 

2） Anti-KT algorithm 
([arXiv:0802.1189]) 
 

•   Successive Combination  
•   Radius R = 0.6 
 

dij =min 1
kTi
2 , 1kTj2( )!Rij

2
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diB =
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kTi
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1） was used in previous years, now 
 both methods are employed with 2)  
 preferred. 	

Qinghua Xu (Shandong U.) Hadron2014, 7/2014 29 
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arXiv: 1404.4293  

DSSV global analysis including both STAR & PHENIX data 
-Observation of gluon polarization  

 DSSV, PRL113,12001(2014)	

DSSV: arXiv:0904.3821  
DSSV*: DSSV + all new (SI)DIS 
DSSV: DSSV* & RHIC 2009 

  
dx!g ~ 0.2±0.07

0.06 @ 10 GeV2

0.05

1.0

"

Scale evolution- integral of ∆g(x) 
increase with Q2  
-> consistency of STAR & PHENIX	
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Theoretically cleanest way to constrain Δq(x,Q2) at medium/high x  
no target mass & higher twist corrections or FF uncertainties 
as in SIDIS 

Projections of W measurement at STAR	
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Z AL results from STAR 



First STAR W AL results (Run9) 

ηe 

!u
u

!d
d

34 

STAR: Phys. Rev. Lett. 106, 062002(2011) !

•  The first W AL asymmetries are 
     in agreement with theory  
     evaluation using pol. pdf (DSSV)  
     constrained by pol. DIS data.  	

•  Statistics improvement from  
     Run 9 to Run 12:	

Qinghua Xu (Shandong U.) Hadron2014, 7/2014 


