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Summary 

Probing Δg(x) through Di-Jet production in polarized p+p collisions 
 

 Daniel L. Olvitt Jr.  
for the STAR collaboration 

Temple University, College of Science and Technology, Philadelphia, PA 

Forward Di-Jet production  
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•  Latest perturbative QCD (DSSV 2014) fit, which 
includes the RHIC 2009 data extracts a non-zero 
gluon polarization contribution to the total proton 
spin. For the x<0.05 region, the uncertainties remain 
large due to lack of data constraints.  
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Motivation for Di-Jets 

Projections and Impact 
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Analysis Status Run 13 

Analysis Flowchart 

Calibrate the Detector (TPC, 
Calorimeter) 

QA the Data (Obtain run list) 

Analysis Background/
Acceptance correction/

Unfolding/Determination of 
ALL 

Reconstruction 

Final result including 
systematic error studies 

•  Run 9 Di-jet results will allow one to constrain the shape of Δg, run 13 will extend these  
results to smaller x-values. 

•  With increased statistics from runs 12 & 13 at √s = 510 GeV, will help determine  the      
value of Δg at lower Bjorken-x. 

•  Forward di-jet production in combination with measurements of the current STAR           
acceptance region would allow one to probe spin phenomena of gluons well below the     
currently accessible region of 0.05 < x < 0.2. Such results are ‘badly needed’ as argued     
in the recently released new global analysis by the DSSV group.  
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T. Sakuma (Ph.D. MIT, 2010) 
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FIG. 5: 90% C.L. areas in the plane spanned by the truncated
moments of ∆g computed for 0.05 ≤ x ≤ 1 and 0.001 ≤ x ≤
0.05 at Q2 = 10GeV2. Results for DSSV, DSSV*, and our
new analysis, with the symbols corresponding the respective
values of each central fit, are shown.

very limited information on ∆g is also available from
scaling violations of the DIS structure function g1 which
is, of course, fully included in our global QCD analy-
sis. Overall, the constraints on ∆g(x) in, say, the regime
0.001 ≤ x ≤ 0.05 are much weaker than those in the
RHIC region, as can be inferred from Fig. 1. Very little
contribution to ∆G is expected to come from x > 0.2.

Figure 5 shows our estimates for the 90% C.L. area
in the plane spanned by the truncated moments of ∆g
calculated in 0.05 ≤ x ≤ 1 and 0.001 ≤ x ≤ 0.05
for Q2 = 10GeV2. Results are presented both for the
DSSV* and our new fit. The symbols in Fig. 5 denote
the actual values for the best fits in the DSSV, DSSV*,
and the present analyses. We note that for our new cen-
tral fit the combined integral

∫ 1

0.001
dx∆g(x,Q2) accounts

for over 90% of the full ∆G at Q2 = 10GeV2. Not sur-
prisingly, the main improvement in our new analysis is to
shrink the allowed area in the horizontal direction, corre-
sponding to the much better determination of ∆g(x) in
range 0.05 ≤ x ≤ 0.2 by the 2009 RHIC data. Evidently,
the uncertainty in the smaller-x range is still very signif-
icant, and better small-x probes are badly needed. Data
from the 2013 RHIC run at

√
s = 510GeV may help

here a bit. In the future, an Electron Ion Collider would
provide the missing information, thanks to its large kine-
matic reach in x and Q2 [19].

Conclusions and outlook.— We have presented a new
global analysis of helicity parton distributions, taking
into account new and updated experimental results. In
particular, we have investigated the impact of the new
data on ALL in jet and π0 production from RHIC’s 2009
run. For the first time, we find that the jet data clearly

imply a polarization of gluons in the proton at interme-
diate momentum scales, in the region of momentum frac-
tions accessible at RHIC. This constitutes a new ingre-
dient to our picture of the nucleon. While it is too early
to draw any reliable conclusions on the full gluon spin
contribution to the proton spin, our analysis clearly sug-
gests that gluons could contribute significantly after all.
This in turn also sheds a new light on the possible size of
orbital angular momenta of quarks and gluons. We hope
that future experimental studies, as well as lattice-QCD
computations that now appear feasible [20], will provide
further information on ∆g(x) and eventually clarify its
role for the proton spin. We plan to present a full new
global analysis with details on all polarized parton dis-
tributions once the 2009 RHIC data have become final
and additional information on the quark and antiquark
helicity distributions, in particular from final data on W
boson production at RHIC, has become available. Also,
on the theoretical side, a new study of pion and kaon
fragmentation functions should precede the next global
analysis of polarized parton distributions.
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Collect Data 

•  Low-x coverage (x2) shown as a color shade for 
di-jet (2-2) final states showing η3 vs. η4 for the 
invariant mass value of M=20GeV. Blue line is 
for published (inclusive jet) RHIC results, black
line is RHIC’s current measurement region. 

•  x1 / x2 range for the current STAR acceptance region in η of -1 < η < 2.  

•  ALL (NLO)  for the current  STAR acceptance region in η of -1 < η < 2  together with 
projected statistical and systematic uncertainties.   

•  Low x region can be accessed by
di-jet production in forward η at 
high √s collisions.    

•  The statistical and also the systematic uncertainties are much smaller compared to the 
separation between DSSV and GRSV-STD.  

Barrel Electro-Magnetic 
Calorimeter (BEMC) 

Time Projection 
Chamber (TPC) 

Magnet  

Endcap Electro-Magnetic 
Calorimeter (EEMC) 

The STAR Detector 

Beam-Beam 
Counter (BBC) 

Forward 
GEM Tracker 

(FGT) 

•  x1 / x2 range for the forward STAR acceptance
region in different η combinations (Fiducial   
volume η ranges): 

o  East Barrel (-0.8<η<0) -  FCS (2.8<η<3.7) 
o  West Barrel (0<η<0.8) - FCS(2.8<η<3.7) 
o  Endcap (1.2<η<1.8) - FCS(2.8<η<3.7) 
o  FCS (2.8<η<3.7) - FCS(2.8<η<3.7) 
 
  

•  ALL (NLO)  for the forward STAR     
acceptance region in η of 2.8 < η < 3.7
together with projected statistical       
and systematic uncertainties.  

•  The systematic uncertainty assumed
 to be driven by the relative              
 luminosity uncertainty of                
δR = 5⋅10-4 is dominating over the 
size of the statistical uncertainties.  

•  Run 9 di-jet asymmetry at √s=200 GeV       
showed statistically significant non-zero     
result for the gluon polarization for             
0.05 < x < 0.2. 

•  What contributes to the total spin of the 
proton is one of the unresolved problems
in Quantum Chromodynamics (QCD). 

•  RHIC is able to directly probe gluons;    
providing better constraints on the          
gluon’s intrinsic spin contribution           
towards the proton spin. 

•  In contrast to inclusive jets, di-jets     
allow access to the initial-state           
partonic kinematics. 

•  Over the years the                 
luminosity has increased. 

•  For 2013: 
 ~450 pb-1 delivered 

•  Approximately half the data 
for run 13 has been              
produced. 

•  QA of the data is ongoing. 
•  Detector calibration is in progress. 
•  Eta distribution is asymmetric due to a larger forward   

coverage from the EndCap.  Most of the statistics are    
between  -1<η< 1, but the EndCap (1.2<η<2) should      
have enough statistics for a complete analysis. 

•  Invariant mass distribution is as expected, with a peak  
below 40 GeV. 

•  For runs 12 & 13, ~ 390 pb-1 data were collected √s =510
GeV in order to extend the RHIC measurement range to  
lower values of Bjorken-x; this will help constrain the    
gluon’s contribution to the proton spin for x < 0.05. 

D
. deFlorian et al., arX

iv:1404.4293 

For more info on the FCS   
and forward upgrade: 
STAR Note SN0605 
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η distribution 

•  The dijet distribution plots     
represents a single run from t
he 2013 data sample for the B
EMC & EEMC coverage regi
on. 
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Summary 

Probing Δg(x) through Di-Jet production in polarized p+p collisions 

 Daniel L. Olvitt Jr. 
for the STAR collaboration 

Temple University, College of Science and Technology, Philadelphia, PA

Forward Di-Jet production 

AGS-RHIC Users Meeting, BNL, Upton, NY, USA, June 17-20, 2014 

• Latest perturbative QCD (DSSV 2014) fit, which
includes the RHIC 2009 data extracts a non-zero
gluon polarization contribution to the total proton
spin. For the x<0.05 region, the uncertainties remain
large due to lack of data constraints.
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Motivation for Di-Jets 

Projections and Impact 

P=
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Analysis Status Run 13 

Analysis Flowchart 

Calibrate the Detector (TPC, 
Calorimeter) 

QA the Data (Obtain run list) 

Analysis Background/
Acceptance correction/

Unfolding/Determination of 
ALL 

Reconstruction 

Final result including 
systematic error studies 

• Run 9 Di-jet results will allow one to constrain the shape of Δg, run 13 will extend these
results to smaller x-values.

• With increased statistics from runs 12 & 13 at √s = 510 GeV, will help determine  the
value of Δg at lower Bjorken-x.

• Forward di-jet production in combination with measurements of the current STAR
acceptance region would allow one to probe spin phenomena of gluons well below the
currently accessible region of 0.05 < x < 0.2. Such results are ‘badly needed’ as argued
in the recently released new global analysis by the DSSV group.

44 ,ηTP

33,ηTP

T. Sakuma (Ph.D. MIT, 2010) 
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NEW FIT
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90% C.L. region
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FIG. 5: 90% C.L. areas in the plane spanned by the truncated
moments of ∆g computed for 0.05 ≤ x ≤ 1 and 0.001 ≤ x ≤
0.05 at Q2 = 10GeV2. Results for DSSV, DSSV*, and our
new analysis, with the symbols corresponding the respective
values of each central fit, are shown.

very limited information on ∆g is also available from
scaling violations of the DIS structure function g1 which
is, of course, fully included in our global QCD analy-
sis. Overall, the constraints on ∆g(x) in, say, the regime
0.001 ≤ x ≤ 0.05 are much weaker than those in the
RHIC region, as can be inferred from Fig. 1. Very little
contribution to ∆G is expected to come from x > 0.2.

Figure 5 shows our estimates for the 90% C.L. area
in the plane spanned by the truncated moments of ∆g
calculated in 0.05 ≤ x ≤ 1 and 0.001 ≤ x ≤ 0.05
for Q2 = 10GeV2. Results are presented both for the
DSSV* and our new fit. The symbols in Fig. 5 denote
the actual values for the best fits in the DSSV, DSSV*,
and the present analyses. We note that for our new cen-
tral fit the combined integral

∫ 1

0.001
dx∆g(x,Q2) accounts

for over 90% of the full ∆G at Q2 = 10GeV2. Not sur-
prisingly, the main improvement in our new analysis is to
shrink the allowed area in the horizontal direction, corre-
sponding to the much better determination of ∆g(x) in
range 0.05 ≤ x ≤ 0.2 by the 2009 RHIC data. Evidently,
the uncertainty in the smaller-x range is still very signif-
icant, and better small-x probes are badly needed. Data
from the 2013 RHIC run at

√
s = 510GeV may help

here a bit. In the future, an Electron Ion Collider would
provide the missing information, thanks to its large kine-
matic reach in x and Q2 [19].

Conclusions and outlook.— We have presented a new
global analysis of helicity parton distributions, taking
into account new and updated experimental results. In
particular, we have investigated the impact of the new
data on ALL in jet and π0 production from RHIC’s 2009
run. For the first time, we find that the jet data clearly

imply a polarization of gluons in the proton at interme-
diate momentum scales, in the region of momentum frac-
tions accessible at RHIC. This constitutes a new ingre-
dient to our picture of the nucleon. While it is too early
to draw any reliable conclusions on the full gluon spin
contribution to the proton spin, our analysis clearly sug-
gests that gluons could contribute significantly after all.
This in turn also sheds a new light on the possible size of
orbital angular momenta of quarks and gluons. We hope
that future experimental studies, as well as lattice-QCD
computations that now appear feasible [20], will provide
further information on ∆g(x) and eventually clarify its
role for the proton spin. We plan to present a full new
global analysis with details on all polarized parton dis-
tributions once the 2009 RHIC data have become final
and additional information on the quark and antiquark
helicity distributions, in particular from final data on W
boson production at RHIC, has become available. Also,
on the theoretical side, a new study of pion and kaon
fragmentation functions should precede the next global
analysis of polarized parton distributions.
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Collect Data 

• Low-x coverage (x2) shown as a color shade for
di-jet (2-2) final states showing η3 vs. η4 for the
invariant mass value of M=20GeV. Blue line is 
for published (inclusive jet) RHIC results, black
line is RHIC’s current measurement region. 

• x1 / x2 range for the current STAR acceptance region in η of -1 < η < 2.

•  ALL (NLO)  for the current  STAR acceptance region in η of -1 < η < 2  together with 
projected statistical and systematic uncertainties. 

• Low x region can be accessed by
di-jet production in forward η at
high √s collisions.

•  The statistical and also the systematic uncertainties are much smaller compared to the
separation between DSSV and GRSV-STD.

Barrel Electro-Magnetic 
Calorimeter (BEMC) 

Time Projection 
Chamber (TPC) 

Magnet  

Endcap Electro-Magnetic 
Calorimeter (EEMC) 

The STAR Detector 

Beam-Beam 
Counter (BBC) 

Forward 
GEM Tracker 

(FGT) 

• x1 / x2 range for the forward STAR acceptance
region in different η combinations: 

o East Barrel (-0.8<η<0) -  FCS (2.8<η<3.7)
o West Barrel (0<η<0.8) - FCS(2.8<η<3.7)
o Endcap (1.2<η<1.8) - FCS(2.8<η<3.7)
o FCS (2.8<η<3.7) - FCS(2.8<η<3.7)

  

• ALL (NLO)  for the forward STAR
acceptance region in η of 2.8 < η < 3.7
together with projected statistical       
and systematic uncertainties.  

• The systematic uncertainty assumed
 to be driven by the relative              
 luminosity uncertainty of
δR = 5⋅10-4 is dominating over the 
size of the statistical uncertainties.  

• Run 9 di-jet asymmetry at √s=200 GeV
showed statistically significant non-zero
result for the gluon polarization for
0.05 < x < 0.2.

• What contributes to the total spin of the
proton is one of the unresolved problems
in Quantum Chromodynamics (QCD).

• RHIC is able to directly probe gluons;
providing better constraints on the
gluon’s intrinsic spin contribution
towards the proton spin.

• In contrast to inclusive jets, di-jets
allow access to the initial-state
partonic kinematics.

• Over the years the
luminosity has increased.

• For 2013:
 ~450 pb-1 delLYHUHG

• Approximately half the data
for run 13 has been
produced.

• QA of the data is ongoing.
• Detector calibration is in progress.
• Eta distribution is asymmetric due to a larger forward

coverage from the EndCap.  Most of the statistics are
between  -1<η< 1, but the EndCap (1.2<η<2) should
have enough statistics for a complete analysis.

• Invariant mass distribution is as expected, with a peak
below 40 GeV.

• For runs 12 & 13, ~ 390 pb-1 data were collected √s =510
GeV in order to extend the RHIC measurement range to
lower values of Bjorken-x; this will help constrain the
gluon’s contribution to the proton spin for x < 0.05.

D
. deFlorian et al., arX

iv:1404.4293 

For more info on the FCS   
and forward upgrade: 
STAR Note SN0605 
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η distribution 

Invariant mass distribution 

• The GL�MHW�distribution plots�
represenst a single run from
 the 2013 data sample�IRU�WKH�%(0&�	�
((0&�FRYHUDJH�UHJLRQ. 

M [GeV] 

•  The forward upgrade would require a new Forward Calorimeter System (FCS)           
providing nominal acceptance of 2.5<η<4. 


