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Probing gluons in ep vs. pp scattering

Spinning Glue: QCD and Spin
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Theoretical foundation - QCD processes in pp

Process contribution for jet-type measurements
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Inclusive Jet production (200GeV: Solid line / 500GeV: Dashed line)
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Correlation Measurements: Di-Jet production


Correlation measurements provide access to LO partonic kinematics 

through Di-Jet/Hadron production and Photon-Jet production:


Bjorken x-coverage:

Theoretical foundation - pp Di-Jet measurements
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Theoretical foundation - PDF access
Probing helicity distribution functions
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Observable: Longitudinal double-

spin asymmetry ALL ➜ Probe gluon 

helicity distribution function 

 through Inclusive Jet/

Di-Jet production in global 
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Experimental aspects - Asymmetry measurement
Asymmetry measurement
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Require concurrent measurements:


Longitudinal beam polarization 

PY(B) at STAR IR


Direction of polarization vector 


Relative luminosity r of bunch 

crossings with different spin 

directions                                                                                  


Spin-dependent yields Nij of 

process of interest
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Experimental aspects - RHIC
Polarized p+p collisions
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Production runs at √s=200 / 

500 / 510GeV (long. polarization) 

in 2003/2004, 2005, 2006, 

2009, 2012, 2013 and 2015: 

Inclusive Jet and Di-Jet 

production (Gluon related 

studies!)


Detailed Jet results will be 

shown from Run 13 (510GeV) in 

comparison to Run 12 (510GeV) 

and Run 15 (200GeV)
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Experimental aspects - STAR
Overview
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STAR Results: Inclusive Jet Cross-section

Mid-rapidity Inclusive Jet cross-sections at 200GeV / 510GeV
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Inclusive Jet Cross Section Measurements in ?? Collisions at
p
B = 200 and 510 GeV with STAR Zilong

Chang for the STAR collaboration

[10], and embedded into zero-bias real events, which were uncorrelated with any triggers. The STAR
tuned PYTHIA generator was based on the Perugia 2012 tune [11] provided by PYTHIA 6.4.28
[12], with just one parameter %�'%(90) changed from 0.24 to 0.213. This reduced the partonic
scattering amplitude at low momentum transfer, and yielded good agreement with STAR published
c± spectra [13, 14], especially at low c± ?) .

The number of particle jet ?) bins was the same as the number of detector jet ?) bins, but the
bin width was slightly larger at high jet ?) . The unfolding process was a simple matrix inversion.
The regularization was achieved by selecting the optimized number of jet ?) bins and the bin width
to avoid statistical fluctuations in the unfolded yields.

4. Results

The double di�erential inclusive jet cross section 3
2
f

3?) 3[
is presented as a function of jet

?) in |[ | < 0.8 at
p
B = 200 GeV and in |[ | < 0.5 and 0.5 < |[ | < 0.9 at

p
B = 510 GeV in

Fig. 3. The systematic uncertainties include those from the electromagnetic calorimeter response
to photons/electrons and hadrons, which is the dominant contribution, the TPC track momentum
resolution, the TPC tracking e�ciency, the unfolding bias, and the luminosity scale. At

p
B = 200

GeV, the results are compared with PYTHIA 6 and pQCD calculations. The results are larger than
the PYTHIA prediction across the jet ?) range, but their shapes are quite close. A hadronization
correction is estimated from PYTHIA. With this applied to the NLO calculation [2] at the parton
level, the 200 GeV results are below the NLO predictions with the CT14 NLO PDFs [15].

Figure 3: Preliminary results of double di�erential inclusive jet cross section, 3
2
f

3?) 3[
, at

p
B = 200 (left) and

510 (right) GeV.

5. Conclusion

In summary, we reported the preliminary results of inclusive jet cross section at
p
B = 200

and 510 GeV as a function of jet ?) in di�erent [ bins. The results will provide constraints to
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Double-differential cross-section in jet  for  at 

 and for  and  at 

 


Sys. uncertainties: EMC response to photon/electrons & hadrons 
(Dom. contr.) / TPC track mom. resolution / TPC tracking efficiency / 
Unfolding bias - Luminosity scale (Not shown) 

pT |η | < 0.8
s = 200 GeV |η | < 0.5 0.5 < η < 0.9
s = 510 GeV
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STAR Results: Di-Jet Cross-section

Mid-rapidity Di-Jet cross-section
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FIG. 2. (Color online) The particle-level di-jet differential
cross section measured by the STAR experiment (points plot-
ted at bin center). The lower panel provides a relative com-
parison to theory, as described in the text.

rection was estimated from simulation by taking the ratio
of the particle-level over parton-level di-jet yields. The
ratio ranges from 1.44 at low mass to 1.22 at high mass
and is used as a multiplicative correction to the NLO
predictions.

The systematic uncertainty on both the UEH correc-
tion (double-hatched red band) and the theoretical cross
section itself took into account the uncertainty on the
PDF set used as well as sensitivity to the variation of
the factorization and renormalization scales, which were
altered simultaneously by factors of 0.5 and 2.0. The
factorization and renormalization scales were also var-
ied independently between the limits above, but the re-
sulting deviation was always less than the simultaneous
case. The systematic uncertainty on the UEH correc-
tion ranged between 39% and 7% from low to high mass,
respectively, while the uncertainty on the theory was be-
tween 19% and 43%. The height of the blue hatched band
represents the quadrature sum of the theoretical and
UEH systematics. Note that neither systematic uncer-
tainty is symmetric about its nominal value. Systematic
uncertainties on the extracted cross section are smaller
than the theoretical uncertainties for all mass bins, mean-
ing these data have the potential to improve our under-
standing of UEH effects (at low mass) and unpolarized
PDFs in our kinematic regime.

Sorting the yields by beam spin state enables a de-

termination of the longitudinal double-spin asymmetry
ALL, evaluated as

ALL =

∑

(PY PB) (N++ − rN+−)
∑

(PY PB)
2 (N++ + rN+−)

, (2)

where PY,B are the polarizations of the yellow and blue
beams, N++ and N+− are the di-jet yields from beam
bunches with the same and opposite helicity configura-
tions, respectively, and r is the relative luminosity of
these configurations. The sum is over individual runs,
which ranged from 10 to 60 minutes in length and were
short compared to changes in beam conditions. The fac-
tor r was close to unity on average, varying between 0.8
and 1.2.
As noted previously, the advantage of a correlation

observable over inclusive measurements lies in the for-
mer’s superior ability to constrain initial state kinemat-
ics based on, for example, invariant mass and di-jet topo-
logical configurations. The asymmetry ALL is presented
for two distinct topologies: ‘same-sign’ in which both
jets have either positive or negative pseudorapidity, and
‘opposite-sign’ in which one jet has positive and the other
negative pseudorapidity. The opposite-sign topology se-
lects events arising from relatively symmetric (in x) par-
tonic collisions, whereas same-sign events select more
asymmetric collisions. The most asymmetric, high-pT
collisions are preferentially between a high momentum
(high x and therefore highly polarized) quark and a low
momentum gluon. The control over initial kinematics
achievable with di-jets can be seen in Fig. 3 which
presents the partonic momentum fraction distributions
(weighted by partonic ALL) of the gluons as obtained
from PYTHIA for a sample of detector level di-jets with
19.0 < M < 23.0 GeV/c2, as well as for inclusive jets
with 8.4 < pT < 11.7 GeV/c. The increase in x resolu-
tion achievable with di-jets compared to inclusive jets is
evident from the much narrower di-jet x distributions.
The asymmetric nature of the collisions in the same-
sign events (upper plot) can be seen in the separation of
the high- and low-x distributions, whereas the opposite-
sign events (lower plot) sample an intermediate x range.
Other di-jet mass bin choices sample different gluon x
regions.
Values of ALL extracted from the data via Eq. 2 repre-

sent an admixture of the asymmetries produced from the
three dominant partonic scattering sub-processes: qq, qg,
and gg. The STAR trigger is more efficient for certain
sub-processes [13], altering the sub-process fractions in
the data-set and thereby shifting the measuredALL. Fur-
ther distortions can arise due to systematic shifts caused
by the finite resolution of the detector coupled with a
rapidly falling invariant mass distribution. Corrections
were applied to the raw ALL values to compensate for
these effects. A trigger and reconstruction bias correc-
tion was determined by comparing ALL from simulation
at the detector and parton levels using several polarized

Differential cross-section in di-jet 

invariant mass for  at 

  


Sys. uncertainties: EMC tower energy 

scale / TPC tracking efficiency / Track  

resolution / Unfolding bias - Luminosity 

scale (Not shown) 


Theory comparison: Cross-section 

corrected for underlying event and 

hadronization (UEH) effects / Theory 

uncertainty 

|η1, η2 | < 0.8

s = 200 GeV

pT

J. Adamczyk et al. (STAR Collaboration), Phys. Rev. D 95 (2017)  7, 071103.
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STAR Results: Run 15 Jet results at 200 GeV

Mid-rapidity Incl. Jet and Di-Jet ALL
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ALL inclusive and di-jet measurements for Run 15 in good 
agreement with Run 9 measurements - Further evidence for 

positive  for !


Good agreement with NLO calculations based on DSSV14 and 
NNPDFpol1.1 PDF set

Δg(x, Q2) x > 0.05

J. Adam et al. (STAR Collaboration), Phys. Rev. D 103 (2021)  9, L091103.
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STAR Results: Run 12 Inclusive Jet results at 510 GeV

Mid-rapidity Inclusive Jet ALL
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TABLE IV. The corrections and systematic uncertainties in ALL for inclusive jet production. In addition to the uncertainties
enumerated here, there are two that are common to all the points, a shift uncertainty of ±0.00022 associated with the relative
luminosity measurement and a scale uncertainty of ±6.6% associated with the beam polarization.

Jet pT Trigger and Reconstruction Bias

Bin (GeV/c) UE syst. Correction PDF uncert. Stat+vertex syst. Total syst.

I1 7.02 0.00029 -0.00012 0.00013 0.00003 0.00013

I2 7.97 0.00024 -0.00007 0.00037 0.00032 0.00049

I3 9.90 0.00022 -0.00021 0.00007 0.00008 0.00011

I4 11.56 0.00018 -0.00014 0.00007 0.00004 0.00008

I5 13.37 0.00016 -0.00024 0.00008 0.00007 0.00011

I6 15.61 0.00013 -0.00027 0.00009 0.00013 0.00016

I7 18.99 0.00012 -0.00033 0.00011 0.00009 0.00014

I8 22.17 0.00011 -0.00026 0.00019 0.00013 0.00023

I9 25.66 0.00009 -0.00039 0.00013 0.00012 0.00018

I10 29.65 0.00008 -0.00034 0.00020 0.00015 0.00025

I11 34.38 0.00007 -0.00033 0.00025 0.00028 0.00038

I12 39.7 0.00006 -0.00004 0.00019 0.00028 0.00034

I13 46.3 0.00006 0.00042 0.00052 0.00045 0.00069

I14 53.8 0.00005 0.00011 0.00056 0.00059 0.00081
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FIG. 11. The âLL-weighted gluon x distributions for two
inclusive jet pT bins. The histograms represent all parton
jets, independent of whether the jets satisfy the trigger and
reconstruction requirements, while the points show the trig-
gered detector jets. Comparisons without the âLL weight are
qualitatively similar.

3. Trigger bias and reconstruction uncertainty

The jet matching calculations in Sect. VC closely align
our jet measurements with those expected for unbiased
parton jets, but the match is not perfect. This is il-

lustrated in Fig. 11, which shows the sampled gluon x
distributions, weighted by the partonic asymmetry âLL

to indicate the region that is sensitive to �g(x). At high
jet pT , the agreement is very good. In contrast, at low jet
pT , there is a small but clear shift in x between the unbi-
ased distribution and the distribution that is sampled by
the jets that are successfully triggered and reconstructed.
This di↵erence arises from several trigger and reconstruc-
tion bias e↵ects. For example, quark and gluon jets frag-
ment di↵erently, which can lead to di↵erent trigger e�-
ciencies for gluon-gluon, quark-gluon, and quark-quark
scattering processes. Detector and trigger resolutions
might also distort the measured asymmetries. We uti-
lize our embedding simulation to calculate a correction,
and an associated uncertainty, to our measured ALL val-
ues to account for these trigger and reconstruction bias
e↵ects. At high collision rates, there is a small probabil-
ity that low-pT jets will be assigned to the wrong vertex
and, hence, mis-reconstructed. We utilize the same em-
bedding simulation to estimate the probability that the
wrong vertex is found.

The average luminosity during 2012 corresponds to
⇡ 0.6 inelastic collisions per bunch crossing. At this
rate, there is a small probability that the highest quality
vertex selected by the vertex finder was not the actual
jet vertex. We estimate this by comparing the recon-
structed zvertex in the simulation sample to the known
position where the Pythia event was embedded. For the
two lowest-pT bins in the inclusive jet measurement, the
wrong vertex is selected 15% of the time. This causes
the jet kinematics, most especially the pseudorapidity,
to be mis-reconstructed. We assign a systematic uncer-
tainty to ALL for these two bins, calculated by assuming
events with the wrong vertex introduce a dilution of the

19

TABLE VI. ALL as a function of parton jet pT (in GeV/c) for inclusive jets with |⌘| < 0.9 in
p
s = 510 GeV pp collisions. There

is an additional ±6.6% scale uncertainty from the beam polarization that is common to all the measurements. The underlying
event and relative luminosity systematics are fully correlated for all the points.

Bin Jet pT ALL ± stat. ± syst. UE/RL syst.

I1 7.02± 0.26 0.0002± 0.0013± 0.0001 0.00036

I2 7.97± 0.30 -0.0022± 0.0014± 0.0005 0.00033

I3 9.90± 0.36 0.0016± 0.0010± 0.0001 0.00031

I4 11.56± 0.40 0.0005± 0.0011± 0.0001 0.00028

I5 13.37± 0.47 0.0015± 0.0013± 0.0001 0.00027

I6 15.61± 0.50 0.0029± 0.0016± 0.0002 0.00026

I7 18.99± 0.60 0.0016± 0.0016± 0.0001 0.00025

I8 22.17± 0.63 0.0044± 0.0018± 0.0002 0.00025

I9 25.66± 0.74 0.0050± 0.0021± 0.0002 0.00024

I10 29.65± 0.83 0.0036± 0.0027± 0.0003 0.00023

I11 34.38± 0.95 0.0169± 0.0037± 0.0004 0.00023

I12 39.7± 1.1 -0.0049± 0.0054± 0.0003 0.00023

I13 46.3± 1.2 0.0122± 0.0084± 0.0007 0.00023

I14 53.8± 1.5 0.0018± 0.0137± 0.0008 0.00023

)s/
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FIG. 13. ALL as a function of xT for inclusive jets inp
s = 510 GeV pp collisions (red solid lines), compared to

previous measurements of ALL at
p
s = 200 GeV (blue dot-

ted lines) [7]. The size of the boxes show the systematic un-
certainties. Predictions from DSSV14 [13] and NNPDFpol1.1
[14], including the solid blue uncertainty band for the latter,
are shown for

p
s = 510 GeV. Predictions for

p
s = 200 GeV

are similar.

Minv for the same topological-bin ordering as the left-
hand side. The statistical errors are shown by red bars,
while the vertical and horizontal width of the red boxes
represent the uncorrelated systematic errors on the asym-
metries and mass scale, respectively. The correlated er-
rors, which include the underlying event systematic un-
certainty on ALL combined in quadrature with the rela-
tive luminosity systematic uncertainty, are plotted as a
gray band on the horizontal axis. The dijet asymmetries
are compared to the same NLO theoretical predictions

as in the inclusive case, DSSV14 [13] and NNPDFpol1.1
[14]. The solid blue bands represent the PDF uncer-
tainties for the NNPDFpol1.1 curves. Scale uncertain-
ties were also calculated for NNPDFpol1.1 and found to
be negligible in comparison to the PDF uncertainties.
The predicted asymmetries are larger for the central-
central topology than for the forward-backward combi-
nation, even though the x ranges sampled are very sim-
ilar, because the smaller �⌘ between the jets maximizes
âLL(cos(✓⇤)). Generally the data show good agreement
with the theoretical predictions, although with reduced
statistical precision compared to the inclusive channel.
There are regions, for example at low(high) Minv in bin
A(B) where the data will impact future global analyses
of the polarized parton distribution, demonstrating the
complementarity of the dijet and inclusive jet observ-
ables.

VII. CONCLUSION

We have presented measurements of the longitudinal
double-spin asymmetry ALL for inclusive jet and di-
jet production at midrapidity in pp collisions at

p
s =

510 GeV, based on data that were recorded by the STAR
Collaboration during the 2012 RHIC running period.
The results are sensitive to the gluon polarization over
the momentum fraction range from x ⇡ 0.015 to x ⇡ 0.2.
The inclusive jet results will provide important new con-
straints on the magnitude of the gluon polarization and
the dijet results will provide important new constraints
on the shape of �g(x) when they are included in future
global analyses of the polarized PDFs, especially in the
region x < 0.05 that has been unconstrained by input
data in previous global analyses.

ALL inclusive jets vs. xT for Run 12 510GeV in good agreement with Run 9 200GeV 

measurements - Probing  at smaller x ( )!


Good agreement with NLO calculations based on DSSV14 and NNPDFpol1.1 PDF set

Δg(x, Q2) x ≈ 0.015

J. Adam et al. (STAR Collaboration), Phys. Rev. D 100 (2019)  5, 052005.
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FIG. 14. Left: Leading order extractions from the embedding sample of the x1 (red) and x2 (blue) distributions in dijet
events with Minv = 17� 20 GeV/c2 for topological bins A-D, which are defined in detail in Table I. The small figures illustrate
the approximate orientations of the two jets relative to the beam line. Right: Dijet ALL for the same topological bins inp
s = 510 GeV pp collisions. The results are compared to theoretical predictions from DSSV14 and NNPDFpol1.1.

Appendix: Correlation matrix

The inclusive jet and dijet ALL results presented here
have two systematic uncertainties that are common to
all the data points. The relative luminosity uncertainty
represents a common o↵set of the ALL = 0 axis by
± 2.2 ⇥ 10�4. An uncertainty of ± 6.6% in the product
of the beam polarizations represents an overall scale un-
certainty. In addition, there are point-to-point statistical
and systematic correlations, as discussed in Sect. VE.
The correlation matrix that quantifies these additional
point-to-point e↵ects is given in Tables VIII–XXII. The
entries that are not shown can be obtained by transposi-
tion.
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4 Topological configurations probing 

different kinematic regions in x:


A: Forward-Forward 




B: Forward-Central




C: Central-Central      




D: Forward-Backward




Good agreement with NLO 

calculations based on DSSV14 and 

NNPDFpol1.1 PDF set

0.3 < |η3,4 | < 0.9; η3 ⋅ η4 > 0

|η3,4 | < 0.3; 0.3 < |η3,4 | < 0.9

|η3,4 | < 0.3

0.3 < |η3,4 | < 0.9; η3 ⋅ η4 < 0

Minv = 17 − 20 GeV/c2

J. Adam et al. (STAR Collaboration), Phys. Rev. D 100 (2019)  5, 052005.
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Data size: ~250 pb-1 X 3 times as large compared to Run 12 data sample 

Beam polarization: Average beam polarization PB = 56% and PY = 54%

Selection cuts:


Trigger: Jet Patch ( ) (JP0 / JP1 / JP2) / Di-Jet trigger JP0dijet & JP1dijet 


Jet reconstruction: Anti-kT and FastJet package (R=0.5) - TPC:  EMC : 


DCA (Distance of Closest Approach) to vertex: < 2cm for  and < 1cm for  and linearly 

interpolated in-between


REM (Fraction of jet energy detected in calorimeter): 


Inclusive Jet sample: Only JP0, JP1, and JP2 triggers


Di-Jet sample: Two largest pT jets and  asymmetric pT cuts of 5.0 / 7.0GeV/c


Systematics:

Jet Energy Scale systematics: TPC tracking efficiency and resolution effects

Jet Energy Scale systematics: Electromagnetic response

Jet Energy Scale systematics: Difference between data and simulation for underlying-event correction

Jet Energy Scale systematics: Differences between nominal PYTHIA tunes and other tunes

Trigger and reconstruction bias effects

Total ALL systematic uncertainty: Quadrature sum of trigger and reconstruction bias, underlying event correction, 

plus relative luminosity uncertainty of  

Δη × Δϕ = 1 × 1

pT > 0.2 GeV/c ET > 0.2 GeV/c

pT < 0.5 GeV/c pT > 1.5 GeV/c

REM < 0.95

|Δη | < 1.6 Δϕ > 120∘

4.7 ⋅ 10−4
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J. Adam et al. (STAR Collaboration), Phys. Rev. D 105 (2022)  9, 092011.

Comparison between data (points) 

and embedded simulation for 

inclusive jet events as a function of 

pT at detector level


Middle: Ratio of relative differences 

between all data runs and simulation


Botton: Ratio of relative differences 

between data and simulation 

separated into high and low 

luminosity runs


Statistical uncertainties are smaller 

than most of the points!

5

TABLE I. The four dijet topology bins A-D.

Bin ⌘3 and ⌘4 regions Physics description
A 0.3 < |⌘3,4| < 0.9; ⌘3 · ⌘4 > 0 Forward-forward
B |⌘3,4| < 0.3; 0.3 < |⌘4,3| < 0.9 Forward-central
C |⌘3,4| < 0.3 Central-central
D 0.3 < |⌘3,4| < 0.9; ⌘3 · ⌘4 < 0 Forward-backward

requiring one jet to have pT > 7.0 GeV/c while the other
jet had pT > 5.0 GeV/c, to allow comparison with the-
oretical models [4, 5, 10]. The same software cuts in pT
as for inclusive jets were applied. At least one of the
jets needed to point to the location of the JP that fired
the JP0, JP1 or JP2 trigger, whereas both jets needed to
match the JP0dijet or JP1dijet trigger locations.

The individual jets in a dijet were separated into three
pseudorapidity regions: forward 0.3 < ⌘ < 0.9, central
�0.3 < ⌘ < 0.3, and backward �0.9 < ⌘ < �0.3. The
ALL measurements for dijets are presented in four topol-
ogy bins A-D (Table I), as in [11], which allows discrim-
ination between symmetric and asymmetric collisions in
terms of the partonic momentum fractions x1 and x2.

Inclusive jet and dijet observables were corrected for
underlying-event (UE) contributions using the o↵-axis
cone method as in [11, 28]. This correction also provides
a statistical subtraction of the pileup. Inclusive jet or
dijet events were rejected if the ratio of the underlying-
event correction divided by the jet pT or dijet Minv was
greater than 34% and 36%, respectively, as in [11, 12], to
ensure that the jet or dijet was not shifted by more than
two bin intervals of pT or Minv.

III. EMBEDDED SIMULATION

Simulation events were produced to quantify the de-
tector response, connecting the jets at detector level to
the initial partonic level. These simulated events were
also used to estimate systematic uncertainties and apply
a trigger bias correction. The simulations were produced
using PYTHIA 6.4.28 [29] with the Perugia 2012 tune
370 [30], reducing the PARP(90) parameter to 0.213 as in
[11, 12]. This parameter controls the energy dependence
of the low-pT cut for the underlying-event generation,
thereby providing better agreement with STAR inclusive
pion measurements [31, 32]. The full detector response
was simulated with GEANT 3 [33], with the STAR con-
figuration in 2013. The simulated events were embedded
into randomly selected bunch crossings from real data to
mimic real beam background, pileup, and detector ine�-
ciencies. No significant di↵erences were seen when com-
paring jets in low and high luminosity runs from data
and embedded simulation.

A trigger software simulator was used in the o↵-line
processing to incorporate time-dependent pedestal varia-
tions and detector e�ciencies. The trigger emulator clas-
sified simulation events using the same logic as the data
triggering but without prescale factors, in order to match
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FIG. 1. Comparison between data (points) and embedded
simulation (histogram) of the inclusive jet yield versus pT
at detector level. The central panel shows the ratio of the
relative di↵erences between all data runs used in the analysis
and the simulation, and the lower panel shows the ratio for
data separated into high and low luminosity runs. Statistical
uncertainties are smaller than most of the points.

the data to the simulation. In the case that a jet satis-
fied all the conditions to be classified as JP1, this event
could be recorded as a JP0 trigger in the data because
of the prescale; however, it would be considered as a JP1
trigger in the analysis because the emulator promotes it.
Similar considerations were made for the dijet triggers.

Figure 1 shows the comparison between data and the
embedded simulation of the inclusive jet counts versus
pT at the detector level. The steps in the distribution
correspond to trigger thresholds. A significant di↵erence
between 2012 and 2013 data is that much of the 2013
data were recorded under much higher instantaneous lu-
minosity conditions. We verified that the embedded sim-
ulations provide comparable agreement with the data,
independent of the instantaneous luminosity, as seen in
the lower panel of Fig. 1 which shows the ratio of data
and simulation but only using high luminosity runs (ap-
proximately half of the full dataset) and low luminosity
runs i.e. luminosity values comparable to 2012 data.

Figure 2 shows the comparison between data and em-
bedded simulation of dijet counts versus invariant mass,
at detector level, for the di↵erent topologies considered.
The data and embedded simulation for both inclusive jet
and dijet measurements agree to within 15%; these dif-
ferences are small enough to be covered by the system-
atic uncertainties. Data versus simulation comparisons
were also examined for several other observables like:
mean UE correction, REM , distributions of the charged
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Comparison between data 

(points) and embedded 

simulation for di-jet as a 

function of the di-jet invariant 

mass for 4 topological 

configurations (A-D)


Botton: Ratio of relative 

differences between data and 

simulation


Statistical uncertainties are 

smaller than most of the 

points!
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Inclusive Jet ALL versus xT 

in comparison to 200 GeV 

(Run 9 / Run 15) results 

and 510 GeV results (Run 

12) - 


Good agreement between 

Run 13 and previous 

measurements 


Good agreement with NLO 

calculations based on 

DSSV14 and NNPDFpol1.1 

PDF set
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4 Topological configurations probing 

different kinematic regions in x:


A: Forward-Forward 




B: Forward-Central




C: Central-Central.      




D: Forward-Backward

0.3 < |η3,4 | < 0.9; η3 ⋅ η4 > 0

|η3,4 | < 0.3; 0.3 < |η3,4 | < 0.9

|η3,4 | < 0.3

0.3 < |η3,4 | < 0.9; η3 ⋅ η4 < 0

Mid-rapidity Di-Jet ALL

Good agreement 

between Run 13 and 

Run 12 measurements 


Good agreement with 

NLO calculations 

based on DSSV14 

and NNPDFpol1.1 PDF 

set


Higher precision 

measurement will 

provide valuable 

input constraining 

 at small x 

( )!

Δg(x, Q2)

x ≈ 0.015
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Gluon polarization program at RHIC


The RHIC Spin program was an enormous success resting on the synergy of accelerator physics, 

experimental measurements, and fundamental theory calculations to deepen understanding of the proton 

spin structure and dynamics


After about 20 years, the longitudinally polarized p+p program concluded with the last measurement at 

200 GeV in Run 15 and at 510 GeV in Run 13


The RHIC Spin gluon polarization provided evidence that  is positive for x > 0.05 with further 

improvements in kinematic coverage and precision after the inclusion of various measurements by several 

global analysis groups  


Future


The last RHIC Spin program is scheduled for Run 24 at 200 GeV of transversely polarized p+p collisions


The future is bright with the advent of the EIC program at BNL. The conclusion of the RHIC operation is 

scheduled for June 2025!

Δg(x, Q2)
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