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 Nucleon helicity structure  
 Transverse spin phenomena 
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Nucleon Helicity Structure 

Naïve parton model: 

1989 EMC (CERN): 
=0.120.090.14 

 

 Spin Crisis 
  sdusdu 
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Determination of G and q-bar has been the main 
goal of longitudinal spin program at RHIC 

 Gluons are polarized (G) 
 Sea quarks are polarized: 

  Gqq 
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For complete description 
include parton orbital 
angular momentum LZ: 

  ZLGqq 
2

1

2

1

2 



From DIS to pp:  

pp (semi)DIS 

Probes G: 

Q2 dependence of quark PDFs 

Photon-gluon fusion 

(Anti-)quark flavor separation: 

Through fragmentation processes 

Probes G: 

Directly from gg and qg scattering 

(Anti-)quark flavor separation: 

Through                          and  WduWdu

Complimentary approaches 
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RHIC as polarized proton collider 

BRAHMS &  now ANDY 

STAR  

PHENIX  

AGS 

LINAC 
BOOSTER 

Pol. Proton Source 
500 mA, 300 ms 

Lmax = 2 ´1032s-1cm-2

70% Polarization

50 < s < 510 GeV

Spin Rotators 

Partial Siberian Snake 

Siberian Snakes 

200 MeV Polarimeter AGS Internal Polarimeter 
Rf Dipoles 

RHIC pC Polarimeters 
Absolute Polarimeter  
             (H jet) 

2  1011 Pol. Protons / Bunch 
e = 20 p mm mrad 
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PHENIX and STAR 

STAR 

STAR: 
Large acceptance with azimuthal symmetry 
Good tracking and PID 
Central and forward calorimetry 
Upgrades to higher rate capabilities,  
inner and forward tracking 

PHENIX: 
High rate capability 
High granularity 
Good mass resolution and PID 
Limited acceptance 
Upgrades to wider acceptance,  
forward capabilities, inner tracking 
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Probing G in pol. pp collisions 

pp  hX 
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Double longitudinal spin 
asymmetry ALL is sensitive 
to G 
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G: π0 and jet ALL 
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0pDSSV++ for 

STAR Prelim. jet, Run 2009

STAR shift uncertainty

DSSV++ for jet

PHENIX / STAR scale uncertainty 6.7% / 8.8% from pol. not shown

Run 2005-2009, √s=200 GeV 
 

Sensitive to gluon momentum 
fraction  0.05 < x < 0.2 
 
 

First observation of non-zero ALL 

associated with non-zero ΔG ! 
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G: DIS+pp global QCD fit 
DSSV: Phys Rev D.80, 034030 (2009)  
DSSV+: DSSV+COMPASS 
DSSV++: DSSV+ & RHIC 2009 
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G: towards lower x qGLG 
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SLAC: 0.10<x<0.7  ΔΣ~0.6   

Phys.Rev.Lett.51:1135  

consistent with Quark-Parton Model expectations 

0

0.2

0.4

0.6

0.8

1

10
-3

10
-2

10
-1

ò g(x,Q
2
) dx

x
min

1

Q
2
 = 10 GeV

2

in
 u

n
it

s 
o

f 
h

x
min

DSSV++

DIS 

RHIC 
200 GeV 

RHIC 
500 GeV 

forward h Proton 
Spin 

Gluon Contribution to the Proton Spin 
still may be large at low x (<10-2) 
 

 Measurements at higher √s 
and forward rapidity 

2012 

1988 
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Spin Crisis 
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CERN: 0.01<x<0.5  ΔΣ~0.12   

Phys.Lett.B206:364  
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(Anti)quark flavor separation 
DSSV: PRL 101, 072001 (2008) 

Mainly from SIDIS:  
 
Fragmentation 

functions to tag 

(anti)quark flavor 

l+ 

p+p  W  (e/m) +  

 Parity violating W production:  

Fixes quark helicity and flavor 

 No fragmentation involved  

 High Q2 (set by W mass) 
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W: projection 
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RHIC W-data will give a significant 
constraint on anti-quark polarization 
in the proton 
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Transverse Spin 
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Transverse Spin Asymmetries 

Large Transverse Spin Asymmetries 
have been observed 

AN =
ds L - ds R

ds L + ds R
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Puzzles from RHIC 
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Preliminary

Collinear (higher twist) pQCD predicts  

 AN ~ 1/pT 

 

No fall off is observed out to pT ~7 GeV/c 

Naïve collinear pQCD predicts  

 AN ~ αsmq / pT ~ 0 

Asymmetries survive at highest √s 

Non-perturbative regime!  

Asymmetries of the ~same size at all √s 

Asymmetries scale with xF 
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More puzzles from RHIC 

p 

p 

62.4 GeV 

PRL101, 042001 

π+ π-  opposite asymmetries 

is believed to come from 

opposite spin-kT properties 

of valence u and d quarks 

62.4 GeV 

K+ 
K- 

PRL101, 042001 

… But           

doesn’t contain any 

valence quarks but still 

shows the same asymmetry 

as  K+ = us

K- = us

200 GeV 

Large antiproton 

asymmetry, while ~0 

proton asymmetry?? 
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Sources 

Sivers effect (Phys.Rev.D41,83):  

Correlation between proton spin and parton kT 

Collins effect (Nucl.Phys.B396,161):  

Correlation between spin of the fragmenting parton 

and the hadron pT (spin dependent fragm. function) 

u 

d 

d 

u 

Relates to parton 

motion => Connected 

to orbital momentum!  

Connected to tensor charge 

d u 

Anselmino et al., Eur. Phys. J. A39, 89 (2009) 
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Fundamental Role of Sivers 
Brodsy, Hwang, Schmidt (Phys.Let.B530,99): 

Sivers function in DIS can arise from  interference with diagrams 

with soft gluon exchange between outgoing quark and target spectator 

Collins (Phys.Let.B536,43): 
Sivers asymmetry is revered in sign in Drell-Yan process 
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RHIC -> eRHIC 
Electron – Ion Collider 

Back to DIS but at much higher luminosity (x100-

1000 as HERA) 

And much higher √s (with both beams polarized) 

Add electron ring to existing RHIC proton/heavy_ion ring or  

Add proton/heavy_ion ring to existing electron ring 
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Summary 

RHIC Spin program:  

How do gluon contribute to the proton Spin 

Non-zero (in the limitted x-range) and comparable to quark contribution 

Need to study lower x 

What is the flavor structure of polarized sea in the proton 

Δu-bar tends to be positive, Δd-bar tends to be negative 

Will see the more precise conclusion very soon 

What are the origins of transverse spin phenomena in QCD 

Transverse quark polarization × spin-dep. fragmentation ?  

Proton-spin and parton kT correlation?  

Connected to orbital angular momentum !  

Many other results from PHENIX, STAR, BRAHMS and AnDY 

Much more expected in EIC era !  
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Outlook 

zLG 
2
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1Proton  
Spin 

Gluon 
Contribution: 

0.1 in 0.05<x<0.2 

Parton Orbital  
Momentum: 

??? 

(Anti)quark 
Contribution: 

0.15-0.20 

mπ
2 (GeV2) 

Lattice QCD: 

quark contributions to the proton spin 
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Backup 
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DSSV: PRL 101, 072001 (2008) 
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Before RHIC Run9 data for ΔG 

No W data yet 



From Inclusive Pol. DIS 
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RHIC Spin Measurements 

g q p p 

Jet 

Other exp. 

̂

Check theory (pQCD) works 

̂ q yieldJet  g

This exp. Theory 

Extract polarized PDF from spin asymmetries using pQCD 

This exp. Theory 

Jet Yield Spin  
Asymmetry 

̂ q  g

Other exp. 

Extract! 
25 



Unpol. Cross Section and pQCD in pp 

PHENIX pp p0 X 
PRD76, 051106 

Good agreement between NLO pQCD 
calculations and data  pQCD can be used to 
extract spin dependent pdf’s from RHIC data.  

PHENIX pp X 
PRL 98, 012002 

STAR: ppjet X 
PRL 97, 252001 

|h|<0.35 

|h|<0.35 
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W: AL vs hl 

STAR 

Central (barrel) region (We , |h|<1) 

First data from 2009: PRL106, 062002 (2011) 

Forward (endcup) region (We , 1<|h|<2) :  

Forward tracker upgrade, first data in 2012 

PHENIX 

Central Arms (We , |h|<0.35) 

First data from 2009: PRL106, 062001 (2011) 

Forward Arms (Wm , 1.2<|h|<2.4) :  

Trigger upgraded, first data from 2011 
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Neutron AN 

neutron 
charged 

particles 
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Naïve Sivers Interpretation 
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Sivers effect and Orbital Angular Momentum 
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Q2 dependence 

G is dynamic value – Q2 dependent 
G can be large at large Q2 (and can be >>1/2) no 
matter how small it is at some low Q2 
Large G at large Q2 is compensated by Lg 

gq

proton
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