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Probing Low x Gluons at STAR with Forward 
Asymmetry Measurements 

•  Current Understanding of Δg(x) 
•  STAR Detector and Datasets 
•  Pushing to Low x with Forward π0’s 

–  In the Endcap 
–  In the Forward Calorimeter 

•  Prospects for Very Low x with Dijets and a Calorimeter 
Upgrade 
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Contributions to the Proton’s Spin 

Consider proton moving right 

Δq(x) 
Δg(x) 

Proton spin ⇒	


⇒ ⇐ 

Proton spin sum rule: 

Polarized DIS: ~0.3 
Puzzling for ~25 years 

Relatively poorly constrained 
But ΔG coming into focus! 
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Longitudinal 
Polarization 
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•  Integral of ∆g(x) in 
range 0.05 < x < 1.0 
increases substantially, 
now significantly above 
zero. 

•  Uncertainty shrinks 
substantially from 
DSSV* to new DSSV 
fit 

•  First firm evidence of 
non-zero gluon 
polarization! 

New DSSV Fit – G Comes into Focus 
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PRL 113, 012001 (2014) 

August 25, 2014 

DSSV: DIS, SIDIS, early RHIC data; 2008 fit 
DSSV*: preliminary RHIC data updated to final 
NEW FIT: DSSV* + 2009 STAR jets + PHENIX π0 

      (and new COMPASS results) 



•  Integral of ∆g(x) in 
range 0.05 < x < 1.0 
increases substantially, 
now significantly above 
zero. 

•  Uncertainty shrinks 
substantially from 
DSSV* to new DSSV 
fit 

New DSSV Fit – Low x Remains Blurry   
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•  Uncertainty on integral 
over low x region is 
still sizable 

[See also new NNPDF fit 
arXiv:1406.5539]  August 25, 2014 

PRL 113, 012001 (2014) 
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π0 Measurements: 
Barrel ElectroMagnetic Calorimeter (BEMC), 
Endcap ElectroMagnetic Calorimeter (EEMC), 

and 
Forward Meson Spectrometer (FMS) 

FPD (east) not shown 

Solenoidal Tracker at RHIC 

A. Gibson, Valparaiso; STAR Low x g; PANIC  p. 7 August 25, 2014 

Current Jet 
Measurements: 

TPC +          
Barrel + Endcap EMC 



Datasets from RHIC at STAR 

•  Published results from  
2006 longitudinal dataset       
at 200 GeV 

–  ~7 pb-1 recorded 
•  Work in progress from 

–  2009 200 GeV long. ~25 pb-1 
–  2012 510 GeV long. ~80 pb-1 
–  2013 510 GeV long. ~300 pb-1 

 recorded 
•  Caveats 

–  Other datasets, publications, 
 for other measurements 

–  2013 >450 pb-1 delivered 
–  Prescales can affect individual 

measurements 
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2013 P = 52% 

450 
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Probing Low x Gluons With π0 ALL
  

•  STAR has measured π0 ALL in three different pseudorapidity ranges 
•  Different kinematics, different systematics 
•  Here with data from 2006 

• qg scattering dominates at high η with high x quarks and low x gluons 
• No large asymmetries seen 

|η| < 0.95 η = 3.2, 3.7 
pT [GeV/c] 

p. 10 

1.0 < η < 2.0 

PRD 80, 111108(R) (2009) PRD 89, 012001 (2014) 
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STAR’s Endcap Electromagnetic Calorimeter 

•  Nucl. Instrum. Meth. A 499 (2003) 740. 
•  Lead/scintillator sampling EM calorimeter 

–  Covers 1.09 < η < 2.00 over full 2π azimuth  
–  720 optically isolated projective towers (~22 X0) 
–  2 pre-shower, 1 post-shower layers, and an additional 

shower maximum detector (SMD) 

•  Photon trigger places thresholds on maximum 
tower energy and the 3x3 patch of surrounding 
towers 

•  Scintillating strip SMD 
–  ϕ segmented into 12 sectors 
–  Two active planes 
–  288 strips per plane 

•  Resolution of a few mm 
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STAR’s Endcap Electromagnetic Calorimeter

! Nucl. Instrum. Meth. A 499 (2003) 740.
! Lead/scintillator sampling EM calorimeter
! Covers 1.09 < η < 2 over full azimuth
! 720 optically isolated projective towers (≈ 22X0)
! 2 pre-shower, 1 post-shower layers, and an additional

shower max. detector (SMD)
! Trigger involves thresholds on the maximum tower energy

and the 3 × 3 patch of surrounding towers.

! Scintillating strip SMD
! φ segmented into 12 sectors
! Two active planes
! 288 strips per plane

! Full φ coverage–no gaps
! Resolution of a few mm
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π0 Background and Cross-Section Computation 
0.8 < η < 2.0 with 2006 Dataset 

•  Inclusive π0 mass distribution fit to MC 
templates, in bins of π0 pT 
–  Signal 
–  Conversion BG (π0 candidate is from 

 gamma à e+ e-) 
–  All other BG (extra or missing photons, π0 

candidate is gamma and e-, etc.) 
–  Shapes from MC, relative fraction (and thus 

signal fraction) extracted from fit to data ]2 [GeV/caaM
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π0 Background and Cross-Section Computation 
0.8 < η < 2.0 with 2006 Dataset 

•  Inclusive π0 mass distribution fit to MC 
templates, in bins of π0 pT 
–  Signal 
–  Conversion BG (π0 candidate is from 

 gamma à e+ e-) 
–  All other BG (extra or missing photons, π0 

candidate is gamma and e-, etc.) 
–  Shapes from MC, relative fraction (and thus 

signal fraction) extracted from fit to data 
•  Lowest analyzed bin is 5-6 GeV π0 pT 

–  Data-MC agreement unsatisfactory below this 
–  Large amount of passive material, not well 

modeled 
•  Unfolded cross section calculated with a 

“smearing matrix” 
–  Dominant systematic is EEMC energy scale  
–  Consistent with NLO pQCD (thanks M. Stratmann) 

•  B. Jaeger et al., Phys. Rev. D 67, 054005 (2003) 
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ALL in π0 + X at STAR for 0.8 < η < 2.0 

•  Raw longitudinal asymmetry corrected for 
–  Luminosity asymmetries (small) 
–  Beam polarizations 
–  Background asymmetries 

•  Estimated from mass sidebands, and consistent with zero (with uncertainty ~0.01) 

•  Statistical error (bars) dominate 
•  Systematic error (boxes) 

–  Signal fraction uncertainties       
 from template fits 

–  Uncertainty on background       
 asymmetry 

•  Integrated across pT probably  
        constrains GRSV Δg-max? 
•  PRD 89, 012001 (2014) 
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AN in π0 + X at STAR for 0.8 < η < 2.0 

•  Transverse asymmetries as well! 
•  Plotted in bins of π0 pT (integrated over 0.06 < xF < 0.27), and in bins of xF 
•  Statistical error (bars) dominates over systematic error (boxes) 
•  Twist-3 prediction  

–  K. Kanazawa and Y. Koike,  
–  Phys. Rev. D 83, 114024 (2011)  
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Transverse Spin Asymmetry AN

! Non-zero AN for xF > 0
observed over wide energy
range.

! Includes contributions from
leading twist Sivers and
Collins effects or higher
twist effects.

! AN expected to
! Increase with xF
! Go to zero in the limit of pT → 0
! Scale as 1/pT at high pT .

! STAR EEMC has larger dynamic range in pT and covers an
unmeasured (pT , xF) region

! 5 < pT < 12 GeV, 0.06 < xF < 0.27, and 0.8 < η < 2.0

! AN will be small due to small xF , but may show pT

dependence.

STAR
√

s = 200 GeV

3 / 17

STAR at sqrt(s) 200 GeV 
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Updated Prediction for π0 ALL , 0.8 < η < 2.0 

•  NNPDFpol1.1 includes jet results from STAR      
and PHENIX, including the recently submitted    
2009 STAR inclusive jets 

•  Greater precision needed to constrain the fit 

August 25, 2014  p. 16 
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Figure 16: (Left panel) Predictions for the neutral-pion spin asymmetry compared to data measured by
STAR [26]. (Right panel) Prediction for the neutral- and charged-pion spin asymmetries in the kinematic range
accessed by upcoming PHENIX measurements.

and
√
s = 62.4 GeV [24], and mid-rapidity (|η| < 0.35) charged hadron production at

√
s = 62.4

GeV [76], and to STAR data for neutral-pion production with forward rapidity (0.8 < η < 2.0) at√
s = 200 GeV [26]. Earlier PHENIX data for neutral pion production [21–23], with significantly larger

uncertainties, are not considered.
Our predictions are always in good agreement with the data within experimental uncertainties; they

suggest that double-spin asymmetries for single-hadron production remain quite small in all the available
pT range, typically below the 1% level. Our predictions for negatively charged pion asymmetry is also
small for all transverse momenta, and it turns slightly negative at high pT , see Fig. 16. In contrast,
Aπ+

LL is larger than Aπ0

LL. High-pT data (both polarized and unpolarized) are potentially sensitive to the
gluon distribution, hence these data might eventually provide a further handle on the polarized gluon,
if sufficiently accurate fragmentation functions become available.

6 Conclusions and outlook

We have presented a first global polarized PDF determination based on NNPDF methodology, which in-
cludes, on top of the deep-inelastic scattering data already used in our previous NNPDFpol1.0 polarized
PDF set, COMPASS charm production data and all relevant inclusive hadronic data from polarized
collisions at RHIC, i.e. essentially all available data which do not require knowledge of light-quark frag-
mentation functions. We have thus achieved a significant improvement in accuracy in the determination
of the gluon distribution in the medium and small-x region (from jet data), with evidence for a positive
gluon polarization in this region, and a determination of individual light quark and antiquark PDFs
(from W± productions data). Together with the available NNPDF unpolarized PDF sets (currently
NNPDF2.3 [71]) this provides a first global set of polarized and unpolarized PDFs determined with a
consistent methodology, including mutual coherent constraints such as cross-section positivity. This
provides a reliable framework for phenomenological applications, also including possible searches for
new physics with polarized beams [93].

31
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STAR data with NNPDF 
predictions 

p. 16 

2006 data 
PRD 89, 012001 (2014) 
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Greatly magnified! 

p. 18 

2006 data 
PRD 89, 012001 (2014) 



•    
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             FMS 
   Pb Glass EM Calorimeter 
 pseudo-rapidity  2.7<<4.0 
Small cells:   3.81x3.81 cm 
Outer cells:   5.81 x 5.81 cm 

FPD  EM Calorimeter 
Small cells only 
Two  7x7 arrays 

0 

Transversely 
Polarized 
Proton 

Unpolarized 
Proton 

Forward EM Calorimetry In STAR. 
STAR 



π0 ALL
 Prospects in Forward Calorimeters 

•  Pushing even further forward, with the FPD and FMS 
•  Work underway with large 2012 and 2013 datasets at 510 GeV 

–  Prescales lead to effectively ~50 pb-1 in 2012, focused at high pT 
•   And ~10 pb-1 in 2013, focused at lower pT 

–  An older preliminary result also exists 

August 25, 2014 A. Gibson, Valparaiso; STAR Low x g; PANIC  p. 20 

11Scott Wissink, IUCF October 6-11, 2008

AALLLL for Forward for Forward ππππππππ00’’s in Run 6s in Run 6

Asymmetries consistent among all detectors – but also consistent 
with zero at all xF, in keeping with theoretical expectations.

Steve Heppelmann
and Len Eun

 
Figure 4.9: Projected statistical uncertainties for the di-jett ALL as function of di-jets mass for different di-jet 
rapidity combinations for the upcoming Run-���¥s = 200 GeV data taking. The assumed delivered luminosity is 
75 pb-1 and a average polarization of 60%. 
 
&RPELQLQJ� WKH� ¥s = 200 GeV di-jet ALL results from Run-9 and Run-15 with the results already 
WDNHQ� DQG� FXUUHQWO\� DQDO\]HG� ¥s = 510 GeV di-jet ALL from Run-12 and Run-13 will provide 
stringent constrains on the functional shape of the gluon distribution as well as on the overall value. 
STAR can extend the physics reach of its gluon polarization measurement even further by tapping 
the low-x region accessible with both inclusive ʌ0 and di-hadrons (ʌ0s) and direct photon ALL in the 
FMS. (Details about direct photon capabilities in the FMS are discussed in sections 4.2, 5.1, and 
6.2). 
 

 

Figure 4.10 Projected statistical uncertainties for the 
S0 double spin asymmetry for an integrated recorded 
luminosity of 50 pb-1.  The measurement is based on 
loose S0 cuts (necessary for large pt).  This result 
uses a 35 mR cone for two photon selection. 
The trigger from run 12 was FMS Jet Patch 2. It is 
this that defines the lower pT response and can be set 
to anything we choose. In Run 12 we used a Jet 
Patch 1 with prescaling to sample the distribution to 
lower pt (~ 1 GeV lower).  The pseudo-rapidy range 
is the full range of the FMS 2.7<K<4. 
 

Figure 4.10 shows the projected statistical uncertainties for inclusive S0 in the FMS. The 
main systematic uncertainties will be the relative luminosity, the ongoing analysis of the Run-12 
data reaches in the order of 10-3 or better. This measurement will provide an important first test for 
the future to measure double spin asymmetries at forward rapidity. Further systematic uncertainties 

 
 

37 

FMS π0 Statistical Uncertainty 
Projection for 50 pb-1 at 200 GeV 
(e.g. a 2015 longitudinal run) 

FMS 2.7 < η < 4.0 

STAR Note 606 
https://
drupal.star.bnl.gov/
STAR/starnotes/
public/sn0606 
 
(BUR 15+16) 

Wissink SPIN2008 

sqrt(s) = 200 GeV 

STAR globally recorded ~7 pb-1 

Wissink SPIN2008 



Probing Low x Gluons at STAR with Forward 
Asymmetry Measurements 

•  Current Understanding of Δg(x) 
•  STAR Detector and Datasets 
•  Pushing to Low x with Forward π0’s 

–  In the Endcap 
–  In the Forward Calorimeter 

•  Prospects for Very Low x with Dijets and a Calorimeter 
Upgrade 
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•  Inclusive measurements have been the workhorse of STAR ΔG program to date 
•  Broad x range sampled in each pT bin 
•  Dijet or other correlation measurements which reconstruct the full final state are 
sensitive to initial kinematics at leading order 

• Prospect of mapping out the shape of Δg(x) 

Dijet Measurements 
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Jet Levels MC Jets 

Anti-KT Jet Algorithm: 
•  Radius = 0.6 
•  Used in both data and simulation 
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STAR Detector has: 
•  Full azimuthal coverage  
•  Charged particle tracking from  

                      TPC for |η| < 1.3 
•  E/BEMC provide electromagnetic 
energy reconstruction for -1 < η < 2.0 
STAR well suited for jet measurements 

p. 23 August 25, 2014 A. Gibson, Valparaiso; STAR Low x g; PANIC 



Thickness of blue box represents 
error on theory determined by 
changing factorization and 
renormalization scales by factor 
of 0.5 and 2 

Thickness of vertical black 
hashing represents size of 
statistical error on the 
measurement  

Green hatched box is symmetric 
about data point and is the 
quadrature sum of all systematic 
errors 

p. 24 August 25, 2014 

2009 Dijet Cross Section Results 

B. Page DNP 2013 

STAR PRELIMINARY 
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Figure 2: The 2009 dijet cross section measurement for proton-proton collisions at
p

s = 500 GeV shown in
the top panel. The bottom panel plots the ratio of the data (hashed) and the pQCD theory (orange) divided
by the pQCD theory with the hadroniztation and underlying event corrections applied.

Invariant mass bin migrations, caused by detector resolution and inefficiencies, were corrected
using an embedded simulation sample of 83M events. The embedding sample takes zero-bias
data, events randomly selected throughout the run, and embeds simulated events generated using
PYTHIA version 6.4 [8] with Tune 320 (Perugia 0) [9]. The STAR detector response was simulated
using GEANT 3 package[10]. This procedure incorporates features of the STAR event, such as
pile-up tracks and background, that cannot be easily simulated. This unique simulation sample also
implemented two filters: a dijet pythia level filter and a trigger reconstruction filter. These filters
improve signal extraction and reduce CPU time by removing events that would likely fail dijet
reconstruction and detector level trigger criteria. These filters were optimized to ensure negligible
bias on the final samples. Comparisons of the data and detector level simulation kinematics, as
shown in Fig 1, agreed extremely well.

The Singular Value Decomposition (SVD) method [11] implemented in the RooUnfold pack-
age [12] was used to unfold the raw dijet yields from the detector level to the particle or parton
level. This method takes into account the proper error of the unfolding matrix. This allows for a
proper comparison of the data to the theoretically calculated NLO pQCD dijet cross-section, which

4

2009 Dijet Cross Section at 500 GeV 

•  Also a preliminary 2006 dijet 
cross section at 200 GeV 
–  T. Sakuma, M. Walker, Journal 

of Physics: Conference Series 
295, 012068 (2011). 
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Probing very low x gluons with Forward 
Calorimeter Upgrade: 2020 

August 25, 2014 A. Gibson, Valparaiso; STAR Low x g; PANIC  p. 26 
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Forward Upgrade in 2019-2020 
ECal: 
Tungsten-Powder-Scintillating-fiber 
2.3 cm Moliere Radius, Tower-size: 2.5x2.5x17 cm3 

23 Xo   
HCal: 
Lead and Scintillator tiles, Tower size of 10x10x81 cm3  
4 interaction length 

Forward Tracking: 
!  Silicon mini-strip detector  
   3-4 disks at z ~70 to 140 cm  
   Each disk has wedges  
   covering full 2π range in ϕ  
   and 2.5-4 in η#
!  GEM-based option/FGT  
     also in consideration 

Latest Test-Beam results: 
https://drupal.star.bnl.gov/STAR/starnotes/public/sn0605 
STAR polarized p+p and p+A LoI 
 



Dijet Projections with the Forward Calorimeter Upgrade  

•    
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Proton Helicity Structure 
510 GeV Di-Jets, gamma-jet: constrain the shape of Δg(x,Q2) and go to lower x: 

Utilize FCS + FTS:    x: ! 0.001 

−1<!<2

2.8<!<3.7 √⁠$ =500,GeV 

Rcone=0.7 
ET1>8 GeV 
ET2>5 GeV 

L=1fb-1 

P=60% 

Probe gluons to x ~ 10-3 
An attractive probe at rather low x before the EIC era 

0.2E-2 

ALL 

x1 (x2) 
10-3 M (GeV) 

B. Surrow PoS(DIS2014) 241 
https://drupal.star.bnl.gov/STAR/starnotes/public/sn0605 
STAR polarized p+p and p+A LoI 



eRHIC and eSTAR (>2025) will offer 
unprecedented reach in Q2 and x 

https://drupal.star.bnl.gov/STAR/future arxiv:1212.1701 

p. 28 



Conclusions 

•  Δg coming into focus, but still poorly constrained at low x 
•  Can push to lower x with forward measurements, and higher sqrt(s) 
•  Proof of principle result exists with π0 ALL in endcap (0.8 < η < 2.0)  

–  PRD 89, 012001 (2014) 
–  Work underway with large 2012 dataset at 510 GeV 

•  Preliminary π0 ALL with forward calorimeters (~3 < η < ~4) 
–  Work underway with large 2012 and 2013 datasets at 510 GeV 

•  Preliminary dijet cross sections 
–  Exciting prospects for very low x gluons with upgraded calorimeter at forward η 

•  Large datasets on hand, analyses underway 
–  2012, 2013 

•  Detector upgrades continue 
–  Forward calorimetry: FPS+FMS 2015, FCS 2020 

•  Continuing data taking planned 
–  2015, 2016, and beyond 

•  Stay tuned! 
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Backup 
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•  DSSV++ 
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•   DSSV 14 

Δg in the context of a new NLO global analysis of helicity
parton densities.
Global analysis and new and updated data sets.—As just

described, the key ingredients to our new QCD analysis are
the 2009 STAR [6] and PHENIX [7] data on the double-
spin asymmetries for inclusive jet and π0 production. At
the same time, we also update some of the earlier RHIC
results used in [3] and add some new DIS data sets by the
COMPASS experiment. More specifically, we now utilize
the final PHENIX π0 data from run 6 at

ffiffiffi
s

p
¼ 200 GeV [8]

and 62.4 GeV [9], the final STAR jet results from run 5 and
run 6 [10], and the recent inclusive [11] and semi-inclusive
[12] DIS data sets from COMPASS. As far as the impact
on Δg is concerned, the data sets [6,7] clearly dominate.
The COMPASS data sets will primarily affect the quark and
antiquark helicity distributions as reported in [13].
The method for our global analysis has been described in

detail in [3] and will not be presented here again. It is based
on an efficient Mellin-moment technique that allows one
to tabulate and store the computationally most demanding
parts of a NLO calculation prior to the actual analysis. In
this way, the evaluation of the relevant spin-dependent pp
cross sections [14] becomes so fast that it can be easily
performed inside a standard χ2 minimization analysis. As a
small technical point, we note that STAR has moved to the
“anti-kt” jet algorithm [15] for their analysis of the data
from the 2009 run. In order to match this feature, we use the
NLO expressions derived in [16] for the polarized case.
As in our previous DSSV analysis [3], standard Lagrange
multiplier (LM) and Hessian techniques are employed in
order to assess the uncertainties of the polarized parton
distributions determined in the fit.
We adopt the same flexible functional form as in [3] to

parametrize the NLO helicity parton densities at the initial
scale Q0 ¼ 1 GeV, for instance,

xΔgðx;Q2
0Þ ¼ Ngxαgð1 − xÞβgð1þ ηgxκgÞ; ð2Þ

with free parameters Ng, αg, βg, ηg, and κg. Note that this
parametrization allows for a node in the distribution, as
realized by the central gluon density of the DSSV analysis
[3]. We enforce positivity jΔfj=f ≤ 1 of the parton
densities, using the unpolarized distributions fðx;Q2Þ of
[17], from where we also adopt the running of the strong
coupling. We use the same set for computing the spin-
averaged cross sections in the denominators of the spin
asymmetries.
Results of global analysis.—Figure 1 shows our new

result for the gluon helicity distribution Δgðx;Q2Þ at
Q2 ¼ 10 GeV2. The solid line presents the updated central
fit result, with the dotted lines corresponding to additional
fits that are within the 90% confidence level (C.L.) interval.
In defining this interval, we follow the strategy adopted
in Ref. [17]. These alternative fits may be thought of
as spanning an uncertainty band around Δg within this

tolerance and for the adopted functional form (2). The
dotted-dashed curve represents the result of a fit—
henceforth labelled as “DSSV*”—for which we only
include the updates to the various RHIC data sets already
used for the original DSSV analysis [3] (dashed line); i.e.,
we exclude all the new 2009 data [6,7]. The new
COMPASS inclusive [11] and semi-inclusive [12] DIS
data sets have little impact on Δg and are included in the
DSSV* fit.
The striking feature of our new polarized gluon distri-

bution is its much larger size as compared to that of the
DSSV analysis [3]. For Q2 ¼ 10 GeV2, it is positive
throughout and clearly away from zero in the regime
0.05 ≤ x ≤ 0.2 predominantly probed by the RHIC data,
as is demonstrated by the alternative fits spanning the
90% C.L. interval. In contrast to the original DSSV gluon
distribution, the new Δg does not show any indication of a
node in the RHIC x range [18]. It is interesting to notice that
the DSSV* fit, without the new 2009 but with updated
earlier RHIC data sets, already tends to have a positive Δg.
This trend is then very much strengthened, in particular, by
the 2009 STAR data [6].
Figure 2 shows the comparison to the new STAR jet

data [6] obtained with our new set of spin-dependent
distributions. As in the analysis itself, we have chosen
both the factorization and renormalization scales as pT .
STAR presents results for two rapidity ranges, jηj < 0.5
and 0.5 < jηj < 1. It is evident that the new fit describes
the data very well in both ranges. We also illustrate the
uncertainties corresponding to our analysis, using the
LM method with a tolerance Δχ2 ¼ 1 unit (inner bands)
and 90% C.L. (outer bands). The result for our previous

NEW FIT

DSSV*

DSSV

incl. 90% C.L. variations

Q2 = 10 GeV2

RHIC x range

x∆g

x
-0.2

-0.1

0

0.1

0.2

10-3 10-2 10-1 1

FIG. 1 (color online). Gluon helicity distribution at
Q2 ¼ 10 GeV2 for the new fit, the original DSSV analysis of
[3], and for an updated analysis without using the new 2009
RHIC data sets (DSSV*, see text). The dotted lines present the
gluon densities for alternative fits that are within the 90% C.L.
limit. The x range primarily probed by the RHIC data is indicated
by the two vertical dashed lines.

PRL 113, 012001 (2014) P HY S I CA L R EV I EW LE T T ER S
week ending
4 JULY 2014

012001-2
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Particle Reconstruction in the EEMC 
•   EM Particle Reconstruction Procedure 

–  Identify clusters in the u and v strips 
–  Determine which u and v clusters to associate with incident particles 
–  Compute energy of incident particles (e.g. photons) from the towers 
–  Compute momentum from the vertex and SMD cluster positions 

•  SMD response (right) in π0 candidate event from data     event,  
–  Blue histograms show energy response per strip 
–  Red triangles represent clusters drawn at mean strip position, and     

 10% of the cluster energy 
•  SMD clusters are found by 

–  Smoothing the histogram using the method of J. Tukey 
–  Identifying clusters as a strip above an energy threshold, with +-3     

 adjacent strips with monotonically decreasing energy 
–  Setting cluster position to energy-weighted mean position of strips 

•  EM particle candidates built from pairs of u-v clusters 
–  Clusters matched by energy of u and v strips 
–  Required to have associated tower energy above threshold 
–  Often have e.g. two photons from one π0 deposited in one tower 

•  Reconstruction difficulties include 
–  Upstream passive material: π0 opening angle on the same order as photon conversions 
–  Single particles sometimes look like two particles, and vice versa 
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Particle Reconstruction
! EM Particle (γ, e±, etc.) Reconstruction Procedure

1. Identify clusters in the u and v strips
2. Determine which u and v clusters to associate with incident particles
3. Compute energy of incident particle using the towers.

! SMD clusters are found by
! Smoothing the histogram using the method of J. Tukey

(TH1::Smooth).
! Identify clusters as a strip above an energy threshold, with ±3 strips

having monotonically decreasing energy.
! Cluster position is set to energy-weighted mean position

! We expect cluster to be larger than 1 ± 3 = 7 strips, but
! Expect central strip position & energy to be sufficiently correlated

to cluster position & energy.
! Correlation increased by smoothing

! SMD response in fairly clean π0 candidate (data) event is plotted
on the right.

! Blue histograms show energy response per strip.
! Inverted red triangles represent clusters, drawn at x=mean, y=10%

cluster energy.
! General reconstruction difficulties include

! Upstream material: π0 opening angle on the same order as opening angle for γ → e+e−
! Single particle sometimes looks like two particles, and vice versa
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Prospects with 2009 Data, cont. 

•  Today showing a glimpse at only a tiny fraction of the 2009 datasets 
•  Larger jet trigger patch allows events with more jet background, softer π0 
•  Background somewhat higher than for photon triggers 

–  But can probe to considerably lower π0 pT 
–  Very reasonable π0 peak 
–  Possibility to extend reach to lower x? 

•  Work remains on MC validation, understanding of π0’s in “jettier” environment, etc. 
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Lower pT jet trigger 

π0 pT 2 to 3 GeV 

2009 Data 



NIM A499, 245 
(2003) 

Solenoidal Tracker at RHIC 

Jet and W/Z 
measurements: 

TPC + Barrel + Endcap 
EMC 

Inclusive hadron measurements: 
Barrel E/M Calorimeter (BEMC), 
Endcap E/M Calorimeter (EEMC), 

Forward Meson Spectrometer (FMS) 
FPD (east) not shown 

RHIC as Spin Collider 
•  “Siberian Snakes” à mitigate depolarization resonances 
•  Spin rotators provide choice of spin orientation 

independent of experiment 
•  Spin direction varies bucket-to-bucket (9.4 MHz) 
•  Spin pattern varies fill-to-fill 
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Concert of Facilities 
•  OPPIS à LINAC à AGS à RHIC 
 

Polarized-proton Collider 
•  Mitigate effects of depolarization resonances with “Siberian 

Snakes” 
•  Polarization measured with CNI polarimeter 
•  Spin rotators provide choice of spin orientation independent of 

experiment 
 

RHIC Beam Characteristics 
•  Clockwise beam: “blue”; counter-clockwise beam: “ ” 
•  Spin direction varies bucket-to-bucket (9.4 MHz) 
•  Spin pattern varies fill-to-fill 

Relativistic Heavy Ion Collider as a Spin Collider 

p. 36 A. Gibson, Valparaiso; STAR Low x g; PANIC August 25, 2014 



Time Projection 
Chamber (TPC) 
Charged Particle 
Tracking |η|<1.3 

Barrel Electromagnetic 
Calorimeter (BEMC): 
|η|<1 

Endcap Electromagnetic 
Calorimeter: 
1<η<2 

η = - ln(tan(θ/2)) 

η = 0 

η = 1 

STAR Detector 
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STAR’s Endcap Electromagnetic Calorimeter

! Nucl. Instrum. Meth. A 499 (2003) 740.
! Lead/scintillator sampling EM calorimeter
! Covers 1.09 < η < 2 over full azimuth
! 720 optically isolated projective towers (≈ 22X0)
! 2 pre-shower, 1 post-shower layers, and an additional

shower max. detector (SMD)
! Trigger involves thresholds on the maximum tower energy

and the 3 × 3 patch of surrounding towers.

! Scintillating strip SMD
! φ segmented into 12 sectors
! Two active planes
! 288 strips per plane

! Full φ coverage–no gaps
! Resolution of a few mm

4 / 17

STAR’s Endcap Electromagnetic Calorimeter

! Nucl. Instrum. Meth. A 499 (2003) 740.
! Lead/scintillator sampling EM calorimeter
! Covers 1.09 < η < 2 over full azimuth
! 720 optically isolated projective towers (≈ 22X0)
! 2 pre-shower, 1 post-shower layers, and an additional

shower max. detector (SMD)
! Trigger involves thresholds on the maximum tower energy

and the 3 × 3 patch of surrounding towers.

! Scintillating strip SMD
! φ segmented into 12 sectors
! Two active planes
! 288 strips per plane

! Full φ coverage–no gaps
! Resolution of a few mm

4 / 17

STAR’s Endcap Electromagnetic Calorimeter 

•  Nucl. Instrum. Meth. A 499 (2003) 740. 
•  Lead/scintillator sampling EM calorimeter 

–  Covers 1.09 < η < 2.00 over full 2π azimuth  
–  720 optically isolated projective towers (~22 X0) 
–  2 pre-shower, 1 post-shower layers, and an additional 

shower maximum detector (SMD) 

•  Photon trigger places thresholds on maximum 
tower energy and the 3x3 patch of surrounding 
towers 

•  Scintillating strip SMD 
–  ϕ segmented into 12 sectors 
–  Two active planes 
–  288 strips per plane 

•  Resolution of a few mm 
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HFT 

VPD 

MTD BEMC 

DAQ1k 

DAQ10k 

HLT 

STAR Detector in 2014 

TPC 

Trigger/DAQ 

BBC 

EEMC TOF 

Existing New 

Reinstrumented 

2014 
AA 

A A 

HFT: Heavy Flavor Tracker, MTD: Muon Telescope Detector 
August 25, 2014 



•     
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FMS: Forward Meson Spectrometer, FPS: Forward Preshower, RP II*: Roman Pot Phase II*  41 

RP II* 

VPD 

TOF MTD BEMC 

DAQ1k 

HLT 

RP II* 

STAR Detector in 2015-2016 

DAQ10k 

TPC 

Trigger/DAQ 

HFT 

BBC 

EEMC 

p A 

Existing 

Reinstrumented 

New 

FGT 

2015-16 
pp/pA/AA 

FMS(HCAL)+FPS 
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iTPC: inner TPC, EPD: Event Plane and Centrality Detector, ETOF: End-cap TOF, Fixed Target  42 

VPD 

TOF MTD BEMC 

DAQ1k 

HLT 

STAR Detector in 2018-2019 

TPC 

DAQ10k 

Trigger/DAQ 

HFT 

EPD 

EEMC 

ETOF 

iTPC 
Existing New 

Reinstrumented 

RP II* RP II* 

Fixed Target 

2018-19 
BESII 

A A 
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VPD 

TOF MTD BEMC 

DAQ1k 

STAR Detector in 2021-2022 

TPC 

HLT 

DAQ10k 

Trigger/DAQ 
FTS 

HFT 

EPD 

EEMC 

ETOF FCS 

FCS/FTS: Forward Calrimeter/Tracking System, RP II: Full Roman Pot Phase II 

Existing New 

iTPC Reinstrumented 

2021-22 
pp/pA/AA 

p A 

RP II* RP II* 
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CEMC: Central EM Calorimeter, eTRK: electron Tracker, TRD: Transition Radiation Detector 44 

RP II 

VPD 

TOF MTD BEMC EEMC 

DAQ1k 

RP II 

STAR Detector in 2025+ 

TPC 

EPD 

HLT 

DAQ10k 

Trigger/DAQ 

HFT 

TRD 

eTRK 

CEMC 

ETOF 

Existing New 

Reinstrumented 

FTS 

iTPC 

2025+ 
ep/eA 

FCS 

p/A e 
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eSTAR Detector in 2025+ 

The very successful STAR detector will evolve into an EIC detector 
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Proton Helicity Structure 

Dedicated detector 



EIC √s
 = 14

0 G
eV

, 0.
01 
≤ y

 ≤ 0
.95

EIC √s
 = 45

 GeV
, 0.

01 
≤ y

 ≤ 0
.95

Current data for Sivers asymmetry:
COMPASS h±: PhT < 1.6 GeV,  z > 0.1
HERMES π0,±, K±: PhT < 1 GeV, 0.2 < z < 0.7
JLab Hall-A π±: PhT < 0.45 GeV,  0.4 < z < 0.6

Planned:
JLab 12

1

10

10 2

10 3

10 -4 10 -3 10 -2 10 -1 1
x

Q2  (G
eV

2 )
THE Beauty of Colliders: Kinematic Coverage 
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0.05<x<0.4 

Evo
lut
ion 

novel electroweak  
 
 
 

probe 

Q2=6400 GeV2 
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