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Longitudinal double-spin asymmetry for inclusive jet and dijet production in
polarized proton collisions at /s = 510 GeV
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We report measurements of the longitudinal double-spin asymmetry, Ay, for inclusive jet and
dijet production in polarized proton-proton collisions at midrapidity and center-of-mass energy /s
= 510 GeV, using the high luminosity data sample collected by the STAR experiment in 2013. These
measurements complement and improve the precision of previous STAR measurements at the same
center-of-mass energy that probe the polarized gluon distribution function at partonic momentum

fraction 0.015 < = < 0.25.

The dijet asymmetries are separated into four jet-pair topologies,

which provide further constraints on the x dependence of the polarized gluon distribution function.
These measurements are in agreement with previous STAR measurements and with predictions from
current next-to-leading order global analyses. They provide more precise data at low dijet invariant
mass that will better constraint the shape of the polarized gluon distribution function of the proton.

Over the last 20 years, the STAR experiment at the
Relativistic Heavy Ion Collider (RHIC) has used high-
energy polarized proton collisions with center-of-mass en-
ergies up to 510 GeV to gain deeper insight into the spin
structure and dynamics of the proton. One of the major
goals of the RHIC spin program is to perform high pre-
cision measurements of the polarized gluon distribution
function of the proton, Ag(z, @?), where x is the partonic
momentum fraction and Q2 is the momentum transfer.
These measurements are motivated by previous analy-
ses from other experiments, starting from the results of
polarized Deep Inelastic Scattering (DIS) experiments in
the late 1980’s, that showed the proton spin could not
originate only from the quarks, thereby initiating experi-
mental searches for the gluon contribution to the proton
spin (see [1] and references therein).

The kinematic coverage at STAR provides access to
gluons through the quark-gluon and gluon-gluon scat-
terings which dominate particle production at low and
medium values of transverse momentum at RHIC. Pre-
vious STAR longitudinal double-spin asymmetry (Arr)
measurements of inclusive jets with pseudorapidity |n| <
1 [2] and dijets with |n| < 0.8 [3], from data collected
during the year 2009 with center-of-mass energy of 200
GeV, strongly suggest a non-zero gluon polarization for
2 > 0.05. The latest global analysis fits, DSSV14 [4] and
NNPDFpoll.1 [5], which include the 2009 STAR inclu-
sive jet measurements [2], extract a positive contribution
to the proton spin coming from gluon spin; however, the
uncertainty remains large for x < 0.05.

It has been suggested that dijet production should be
an effective observable to extract the x dependence of the
gluon polarization, since dijets provide better constraints
on the underlying kinematics, e.g., compared to inclusive
observables [6]. At leading order, the dijet invariant mass
is proportional to the square root of the product of the
partonic momentum fractions, M;,, = 1/sT1Z2, and the
pseudorapidity sum of the two jets is proportional to the

logarithmic ratio of the x values, 73 + 14 o log(z/x2)
[7]. Measurements at both /s = 200 GeV and 510 GeV
provide broad kinematic coverage in . The wide accep-
tance of the STAR detector permits reconstruction of di-
jet events with different topological configurations, i.e.,
different pseudorapidity combinations that probe sym-
metric (1 = x2) and asymmetric (z1 < x2 or 1 > x2)
partonic collisions.

STAR has also measured Ay, for dijet production with
one or both jets in 0.8 < n < 1.8, using the data collected
during 2009 at /s = 200 GeV [§]. A reweighting study of
the DSSV14 fit was performed using the 2009 STAR dijet
data [3, [8]. The results of this reweighted fit had a clear
impact on our understanding of the gluon polarization in
the region of z > 0.2 [9].

The first STAR inclusive jet and dijet Ay measure-
ments in longitudinally polarized proton collisions at /s
= 510 GeV and midrapidity |n| < 0.9 were performed
using data recorded in 2012 [I0], presenting good agree-
ment with previous results in the overlapping x region.
In 2015, STAR concluded the longitudinally polarized
proton program with another /s = 200 GeV data set.
The 2015 inclusive jet and dijet results at midrapidity
[I1] are consistent and have better precision than the
previous measurements [2], [3], providing further evidence
of a positive gluon polarization for x > 0.05. Both the
2012 and 2015 results will provide new constraints on the
gluon polarization at 0.015 < = < 0.25 and 0.05 < x <
0.5, respectively, when they are included in future global
analyses. Other measurements to constrain the gluon po-
larization include inclusive pion production by PHENIX
at midrapidity [12} 3], and by STAR at 2.65 < n < 3.9
[14], which provides sensitivity down to x ~ 0.001.

In this paper, we report measurements of Ay, for in-
clusive jet and dijet production at /s = 510 GeV us-
ing the data recorded by STAR during 2013 in the re-
gion |n| < 0.9. The luminosity was approximately 250
pb~!, which is almost three times higher than the previ-



ous year. The longitudinal double-spin asymmetry Ay,
calculations follow the same procedure as [2], 3], 10} [T1]:
ErunsPYPB(N++ — TN+7)
Sruns PEPE(N+ +rN+-)’

App = (1)
where Pg and Py are the measured polarizations of the
beams (denoted Blue and Yellow), N** and Nt~ are
the jet or dijet yields for equal and opposite proton beam
helicity configurations, and r is the relative luminosity,
which is the ratio of the luminosities for different he-
licity configurations of the colliding beams. The beam
polarizations and the relative luminosities were reason-
ably constant during individual experimental runs, which
were each about 30 minutes in length throughout a 7-8
hour RHIC fill. The relative luminosity had a multimodal
distribution that varied between 0.87 and 1.12 (average
1.002), depending on beam conditions e.g., polarization
pattern and beam intensity. The polarizations of the
beams were measured for each RHIC fill by a proton-
carbon based Coulomb-Nuclear Interference polarimeter
[15], calibrated by using a polarized hydrogen gas-jet tar-
get [I6]. The average polarizations were Pg = 56% and
Py = 54%, with a 6.4% relative uncertainty on the prod-
uct of the beam polarizations [17].

The main tracking device at STAR is a Time Projec-
tion Chamber (TPC) in a 0.5 T solenoidal magnetic field.
The TPC acceptance is || < 1.3 and 27 in the azimuthal
angle (¢) [I8]. The Barrel Electromagnetic Calorimeter
(BEMC) [19] and the Endcap Electromagnetic Calorime-
ter (EEMC) [20] were used to trigger on jets and mea-
sure their electromagnetic constituents. The BEMC cov-
ers |n| < 1.0 and the EEMC 1.1 < n < 2.0, both with
full azimuthal coverage. The helicity-dependent relative
luminosity was calculated using the Vertex Position De-
tectors (VPD) [21] and Zero Degree Calorimeters (ZDC)
[22].

Events were recorded if they satisfied a jet patch (JP)
trigger condition [10} 23], which was defined by requiring
that the BEMC or EEMC detected a transverse energy
that exceeded one of the three thresholds equivalent to
6.8 GeV for JPO, 9.0 GeV for JP1 and 14.4 GeV for JP2,
over an area of approximately An x A¢ = 1x1. In addi-
tion to the JP triggers, two new triggers, “JP0dijet” and
“JP1dijet”, were introduced for this measurement. These
new triggers required that one JP met the JPO or JP1
energy threshold, and that a second JP met a threshold
of 2.8 GeV, with the two JPs required to be nonadjacent
in ¢. All JP2 events were collected while JP1dijet and
JPOdijet were prescaled (one dijet per three and twelve
triggered events, respectively). The JP1 and JPO triggers
were highly prescaled (around one in forty and two hun-
dred triggered events, respectively) in order to reserve
data acquisition bandwidth for the dijet triggers.

The anti-kr algorithm [24] and FastJet [25] package
were used to reconstruct jets. The jet resolution parame-
ter for this analysis was R = 0.5, in contrast to the studies
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at /s = 200 GeV that used R = 0.6 [2, [3, [II]. This pa-
rameter was lowered for the 510 GeV measurements [10]
to reduce sensitivity to underlying event effects. The
individual tracks and towers had to meet certain condi-
tions, similar to the quality assurance requirements as in
[10]. The tracks from the TPC that were used in the
jet finding algorithm satisfied a transverse momentum
pr > 0.2 GeV/c, had at least 12 hit points in the TPC
with more than 51% of the possible hits along the re-
constructed track segment, were associated to a collision
vertex located within + 90 cm of the nominal interaction
point, and followed a pp-dependent distance of closest
approach (DCA) to the vertex. The DCA requirements
were: less than 2 cm for pr < 0.5 GeV/¢, less than 1 cm
for pr > 1.5 GeV/¢, and linearly interpolated between
these two points. The BEMC and EEMC towers were
required to have a transverse energy of Ep > 0.2 GeV.
If a track pointed to the tower, the track pr (multiplied
by ¢) was subtracted from the tower Er to avoid double
counting of particles which were fully reconstructed by
both the TPC and calorimeters. The fraction of jet en-
ergy detected in the calorimeters (Rgys) was required to
be less than 0.95.

For inclusive jets, only the JP0, JP1, and JP2 triggered
events were considered. Software cuts in pr were applied
above the trigger thresholds to JPO = 7.0 GeV/¢, JP1
= 9.6 GeV/c and JP2 = 15.3 GeV/¢, to reduce recon-
struction bias near the hardware thresholds. The recon-
structed jet axis was required to lie within the location
of the JP that fired the trigger. Any jet containing a
track with a reconstructed pr > 30 GeV/c was rejected,
since the TPC resolution degrades at these momenta.
The summed pr of all reconstructed tracks in the jet was
required to be larger than 0.5 GeV/c to remove, for ex-
ample, non-collision backgrounds. In cases where more
than one jet in an event satisfied the selection criteria
(approximately 5% of jet events), only the two highest
pr jets were taken.

The dijet analysis only considered the two largest pr
jets in an event. As in Ref. [I0], the dijet opening-angle
and pseudorapidity cuts were A¢ > 120° and |An| < 1.6,
to remove jets arising from hard gluon emission and to
avoid having both jets fall near the detector acceptance
limits. An empirical pp-matching condition required the
ratio of the leading and away-side jet transverse momenta
be pl;admg/p%way < 6 — (0.08 x pfer), where p® is
the highest transverse momentum track in either jet, to
remove fake jets [I0]. An asymmetric pr cut was applied,
requiring one jet to have pr > 7.0 GeV /¢ while the other
jet had pr > 5.0 GeV /¢, to allow comparison with theory
models [4, B, [9]. The same software cuts in pr as for
inclusive jets were applied. At least one of the jets needed
to point to the location of the JP that fired the JPO, 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



Bin 13 and 74 Regions Physics description
A 0.3 < |ns,a] < 0.9;p3-ma >0 Forward-Forward
B [n3,4] < 0.3; 0.3 < |na,3] < 0.9  Forward-Central
C |n3,4] < 0.3 Central-Central
D 0.3 < |n3,4] < 0.9; 93 -ma < 0 Forward-Backward

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

pseudorapidity regions: forward 0.3 < n < 0.9, cen-
tral —0.3 < n < 0.3, and backward —0.9 < n < —0.3.
The Ar; measurements for dijets are presented in four
topology bins A-D (see Table[l), as in [I0], which allows
discrimination between symmetric and asymmetric col-
lisions in terms of the partonic momentum fractions x
and x.

Inclusive jet and dijet observables were corrected for
underlying event contributions using the off-axis cone
method as in [I0, 26]. Inclusive jet or dijet events were
rejected if the ratio of the underlying event correction
divided by the jet pr or dijet M, was greater than 34%
and 36%, respectively, as in [10, [II], to ensure that the
jet or dijet was not shifted by more than two bin intervals
of pr or Mi,,.

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 [27] with the Perugia 2012 tune
370 [28], reducing the PARP(90) parameter to 0.213 as
in [I0, I1]. This parameter controls the energy depen-
dence of the low-pr cut for the underlying-event gener-
ation, thereby providing better agreement with STAR
inclusive pion measurements [29, B0]. The full detector
response was simulated with GEANT 3 [31], with the
STAR configuration in 2013. The simulated events were
embedded into randomly selected bunch crossings from
real data to mimic real beam background, pile-up, and
detector inefficiencies.

A trigger software simulator was used in the offline
processing to incorporate time-dependent pedestal varia-
tions and detector efficiencies. The trigger emulator clas-
sified simulation events using the same logic as the data
triggering but without prescale factors, in order to match
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 JPO 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 pr
at the detector level. The steps in the distribution corre-
spond to trigger thresholds. Figure [2| shows the compar-
ison between data and the embedded simulation of dijet
counts versus the invariant mass, at detector level, for the
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FIG. 1. Comparison between data (points) and embedded

simulation (histogram) of the inclusive jet yield versus pr at
detector level. The lower panel shows the ratio of the rela-
tive differences between data and the simulation. Statistical
uncertainties are smaller than most of the points.
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FIG. 2. Comparison between data (points) and embedded

simulation (histograms) of the dijet yield versus the invariant
mass, at detector level, for the different topology regions stud-
ied. The lower panel shows the ratio of the relative differences
between data and the simulation. Statistical uncertainties are
smaller than most of the points.

different topologies considered. The data and embedded
simulation for both inclusive jet and dijet measurements
agree to within 15%; these differences are small enough
to be covered by the systematic uncertainties.

The reconstructed jets were unfolded bin-by-bin to the
parton level in order to compare directly with the the-



oretical calculation. Detector jets were reconstructed in
the simulation and matched with their partonic counter-
parts if the two jets were within /An? 4+ A¢? < 0.5.
The closest parton jet in n — ¢ space was chosen if more
than one parton jet matched a given detector jet.

The sources of systematic uncertainties considered for
both the inclusive jet and dijet measurements are the
same as in [I0, [T1]. The jet energy scale systematic un-
certainties include the following: the calorimeter tower
(electromagnetic response) gain and efficiency for the run
conditions in 2013 contributed about 3.1% of the jet en-
ergy scale values (dominant systematic); the TPC track-
ing efficiency and resolution effects (hadronic response)
contributed about 1.5%; the difference between data and
simulation for the underlying event correction was less
than 1%; and the differences between other PYTHIA
tunes were about 5% in the lower jet energy scale bins,
down to about 1% for the higher bins. Additionally, the
statistical uncertainties of the unfolding were considered
as a systematic (less than 1%).

Trigger and reconstruction bias effects were studied
with the simulation to compensate for distortions due
to detector finite resolution and efficiency. The efficiency
of the STAR triggers varies for different partonic sub-
processes (quark-quark, quark-gluon and gluon-gluon)
[2, M0]. The trigger bias and the finite resolution of
the detector affect the Ay measurements. Corrections
(within 0.00004 and 0.003) were obtained by comparing
the average differences between the asymmetry for recon-
structed detector jets and parton jets, by using one hun-
dred equally probable replicas of the NNPDFpoll.1 [5]
estimations. The root-mean-square of these differences,
in addition to the finite statistics of the simulation, were
considered as systematic uncertainties, and varied ap-
proximately from 0.0002 for lower pp or M;,, bins and
increased up to 0.002 for inclusive jets and 0.006 for di-
jets. Tables of the uncertainty values are presented in
supplemental materials [32].

The underlying event correction modifies the value
of the reconstructed jet energy, thus affecting the App
measurement. Another systematic uncertainty was as-
signed to the Ary due to the underlying event correc-
tion as in [I0} 1], by calculating the longitudinal double-
spin asymmetry of the spin-dependent average underly-
ing event correction for inclusive jet, AdeLT, and dijet,
A%AL/["'"“. These underlying event asymmetries were on
average AT = (0.0006 + 0.0009 for inclusive jet, A9M e
=-0.0006 + 0.0010 for dijet topology A, -0.0001 + 0.0007
for dijet topology B, -0.0015 + 0.0013 for dijet topology
C, and 0.0023 4 0.0009 for dijet topology D. The system-
atic uncertainties due to this effect were below 0.0003
for inclusive jets and 0.001 for dijets, being the domi-
nant Ay systematic uncertainty at low energy scale, and
dropping to less than 0.0002 at large energy scale values
for both measurements. The parity-violating longitudi-

nal single-spin asymmetries Ay, (for each of the two col-
liding beams) were consistent with zero within 2.5 stan-
dard deviations. The effect of a residual transverse beam
polarization component was estimated and found to be
negligible.

Figure [3| shows the 2013 inclusive jet Arr (blue) as a
function of the parton jet transverse momentum scaled
by 2/+/s. The shaded blue boxes represent systematic
uncertainty (width indicates the jet energy resolution),
which is the quadrature sum of the trigger and recon-
struction bias, the underlying event correction, plus the
relative luminosity uncertainty that was estimated to
be 4.7x107%. The vertical lines correspond to statisti-
cal uncertainties, including consideration of the correla-
tion between two jets when they are found in the same
event. This result is compared with previous STAR re-
sults [2 10, 1] with all their systematic uncertainties
added in quadrature, and expectations from the latest
global analyses available in [4, [5]. There is good agree-
ment among all measurements and with the global fits.
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8 0.05 VS = 200 GeV:
o [« 2009, PRL 115 092002 (2015)
‘G 00af- = 2015 PRD 1031091103 (2021) BN
S F Vs =510 GeV:
£ o3[ * 2012 PRD 100 052005 (2019)
T * 2013, this work
C  -- DSSV14
0.02/— < NNPDFpoll.1 +
0.01—
O R
P O R SN | N I B I R
0% 0.05 0.1 0.15 0.2 0.25 0.3
Parton Jet x; (=2p_/ Vs)
FIG. 3. Inclusive jet ALy versus xr, compared to previous

STAR results at /s = 200 GeV [2,[11] and 510 GeV [10], and
evaluations from DSSV14 [4] and NNPDFpoll.1 (with its un-
certainty) [5] global analyses. The vertical lines are statistical
uncertainties. The boxes show the size of the estimated sys-
tematic uncertainties. Scale uncertainties from polarization
(not shown) are 6.5%, £6.6%, £6.4% and £6.1% from 2009
to 2015, respectively.

Figure [] shows the 2 and x5 distributions using the
reconstructed dijet events from the embedded simulation
for the most asymmetric collisions (topology A) in the
region 12 < M, < 14 GeV/c?. Figure {4| corresponds
to the lowest momentum fraction values probed in these
studies. The obtained values of x; and x5 are weighted
by the partonic asymmetry to indicate the region that is
sensitive to the double-helicity measurement. The dijet
triggers were introduced in this analysis specifically to
enhance statistics at low x; sacrificing statistics at low
pr for the inclusive jet measurement, as seen in Fig.
while providing an order of magnitude greater statistics
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FIG. 4. Sampled z; (solid) and z2 (dashed) gluon distri-

butions weighted by the partonic asymmetry for dijet events
with detector level M, in the range 12 < Mip, < 14 GeV/c27
obtained using the embedded simulation for the topology A
(the most asymmetric collisions). A representation of the
topological configuration relative to the beam line is shown.

for the lower M;,, bins for the dijet results.

Figure [5| shows the dijet Ay as a function of the par-
ton level invariant mass for the four topologies. System-
atic uncertainties for dijet Ay were estimated following
the same procedure as used for inclusive jet Apy. The
2012 results [10] and the expectations from global anal-
yses are also shown. Similar to the inclusive jet results,
there is good agreement between these and previous dijet
results and with the global fits for all topologies.

There are point-to-point correlations between inclusive
jet and dijet measurements from systematic effects, in ad-
dition to statistical correlations originating from the fact
that ~32% of dijet events included at least one jet from
the inclusive measurement. The underlying event and
trigger bias systematic uncertainties were treated as fully
correlated in Ay r. Events with two reconstructed jets,
both satisfying the inclusive jet conditions, will also intro-
duce statistical correlations for the inclusive jet measure-
ment. Total correlation matrices were calculated as in
[10, [I1] for inclusive-inclusive and inclusive-dijet events,
and the systematic correlation matrices were calculated
for dijet-dijet events (there is no statistical correlation
for dijet A ). Correlation matrices are presented in the
supplemental materials [32].

In summary, we report a high precision measurement of
the inclusive jet and dijet longitudinal double-spin asym-
metry Apr in polarized proton collisions at /s = 510
GeV and |n| < 0.9, using the large data set collected by
STAR in 2013. The results are consistent with previ-
ous STAR measurements and expectations from the lat-
est global analyses, which included published RHIC data
[2, 4, [5]. The inclusive jet results will provide valuable
new constraints on the magnitude of the gluon polariza-
tion, whereas the dijet results will have an impact on
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FIG. 5. Dijet Arr versus Min, for the A, B, C and D
(top to bottom) topological configurations as explained in the
text. They are compared to previous STAR results from 2012
data [10] and predictions from DSSV14 [4] and NNPDFpoll.1
(with its uncertainty) [5] global analyses. The vertical lines
are statistical uncertainties. The boxes show the size of the es-
timated systematic uncertainties. Topological configurations
are shown for each jet orientation relative to the beam line.
Scale uncertainties from polarization (not shown) are £6.6%
and +6.4% for 2012 and 2013, respectively.

its functional form, in particular by using the topolog-
ical configuration A that provides more precise data at
low dijet invariant mass. These results provide sensitiv-
ity down to z ~ 0.015, extending the kinematic coverage
in future global analyses.
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1 Jet energy scale systematic uncertainties

The tables below summarize the results of all the jet energy scale systematic
uncertainties considered, the pr or M;,, bin used at detector level, the neutral energy
fraction (Rgyr), the average jet pr or M;,, within the bin used at detector level and
the correction factor (0pr or  M;,, in the tables) to unfold the measured results to
the parton level. The final systematic uncertainty is the addition in quadrature of
all the systematic uncertainties described below. Table 1 summarizes the results of
the jet energy scale systematics calculated for inclusive jets. Tables 2, 3, 4 and 5
summarize the results of the jet energy scale systematic uncertainties calculated for
dijets in each topology.

1.1 Parton shift error

The statistical errors of each dpy or d M,,, correction, obtained after the bin-by-
bin unfolding, are considered as a systematic. See Section V. C. 1. of [10].

1.2 TPC tracking efficiency (hadronic response)

The TPC tracking efficiency or hadronic response (Hadron resp. in the tables)
is another systematic related to the detector response uncertainties calculated as
described in Section V. C. 1. of [10]. In addition to the main simulation embedding
sample, another simulation at the jet tree level was generated by randomly rejecting
4% of the reconstructed tracks to simulate a loss on track reconstruction efficiency as
in [11]. The difference between this 4% track loss sample and the nominal embedding
sample is considered as a systematic uncertainty, with an additional 1% component
added in quadrature, associated with the efficiency of GEANT to simulate the EMCs
response of charged hadrons.

1.3 EMC calibration and efficiency (electromagnetic response)

The systematic uncertainty related to the electromagnetic response of BEMC
(EM resp.) are quantified by the quadrature sum of BEMC neutral energy uncer-
tainty plus the track efficiency for both TPC and BEMC. For the 2013 data, the
BEMC tower gain uncertainty was estimated to be 5% and the track efficiency was
estimated to be 1% (same as in [10]). See Section V. C. 1. of [10].

1.4 Underlying event

The systematic uncertainty related to underlying event (UE syst.) corresponds
to the average difference of the correcred for UE pr or M;,, between data and
embedded simulation within each py or M;,, bins. See Section V. C. 2. of [10].

1.5 Pythia tune

The quadrature sum of the differences between other Pythia tunes and the nom-
inal tune (370), as it was done for the run 2012 [10] and run 2015 [11] measurements,
is considered as a systematic uncertainty (Tune syst.). See Section V. C. 3. of [10].
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2 Asymmetry corrections and systematic errors

Tables 6, 7, 8, 9 and 10 summarize the results of the asymmetry corrections and
systematic uncertainties calculated for inclusive jets and dijets in each topology.
The total Ay systematic uncertainties are the quadrature sum of the trigger and
reconstruction bias, the underlying event uncertainty, and the relative luminosity
uncertainty, estimated to be 4.7 x107%.

2.1 Trigger and Reconstruction bias

The trigger bias correction values were calculated from the average difference
between the reconstructed detector jets i.e., the bias sample (from the embedded
simulation) and parton jets obtained by using one hundred equally probable Ay,
replicas of the NNPDF poll.1 [5] estimations. The root-mean-square of these dif-
ferences (Corr Err in the tables) and the finite statistics of the simulation (Stat Err
in the tables) are considered as systematic uncertainties, related to the PDF used,
for the inclusive jet and dijet Az results. See Section V. D. 3. of [10].

2.2 UE asymmetry systematics

The underlying event systematics (UE syst in the tables) were calculated accord-
ing to Section V. D. 1. of [10].

pr range (GeV/c) | Correction | Corr Err | Stat Err | UE syst | Total Ar;, Syst

7.0-8.2 -0.00035 0.00017 | 0.00005 | 0.00033 0.00060

8.2- 9.6 -0.00034 0.00013 | 0.00006 | 0.00027 0.00056
9.6 -11.2 -0.00033 0.00009 | 0.00005 | 0.00024 0.00054
11.2 - 13.1 -0.00038 0.00010 | 0.00007 | 0.00020 0.00053
13.1 - 15.3 -0.00037 0.00010 | 0.00006 | 0.00017 0.00051
15.3 - 17.9 -0.00013 0.00007 | 0.00006 | 0.00016 0.00050
17.9 - 20.9 -0.00020 0.00008 | 0.00007 | 0.00014 0.00050
20.9 — 24.5 -0.00016 0.00014 | 0.00009 | 0.00012 0.00051
24.5 - 28.7 -0.00039 0.00022 | 0.00012 | 0.00010 0.00054
28.7 - 33.6 -0.00020 0.00031 | 0.00017 | 0.00009 0.00059
33.6 — 39.3 -0.00026 0.00036 | 0.00023 | 0.00008 0.00064
39.3 — 46.0 -0.00025 0.00034 | 0.00034 | 0.00007 0.00068
46.0 — 53.8 -0.00106 0.00060 | 0.00051 | 0.00006 0.00092
53.8 — 62.8 -0.00018 0.00190 | 0.00081 | 0.00006 0.00212

Table 6: Asymmetry correction and systematic uncertainties for inclusive jets.
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My, range (GeV/c?) | Correction | Corr Err | Stat Err | UE syst | Total Ay; Syst
12 - 14 0.00008 | 0.00013 | 0.00010 | 0.00023 0.00055
14 - 17 -0.00007 0.00008 | 0.00007 | 0.00056 0.00074
17-20 -0.00018 0.00011 | 0.00010 | 0.00006 0.00050
20 -24 -0.00032 0.00015 | 0.00011 | 0.00022 0.00055
24 - 29 -0.00036 0.00021 | 0.00013 | 0.00019 0.00056
29 - 34 -0.00042 | 0.00022 | 0.00018 | 0.00015 0.00057
34 - 41 -0.00046 0.00025 | 0.00023 | 0.00013 0.00059
41 - 49 -0.00056 0.00031 | 0.00032 | 0.00011 0.00066
49 - 59 0.00010 0.00045 | 0.00049 | 0.00010 0.00082
29 - 70 -0.00104 0.00065 | 0.00080 | 0.00008 0.00114
70 - 84 -0.00148 | 0.00083 | 0.00107 | 0.00007 0.00144
84 - 101 -0.00115 | 0.00084 | 0.00173 | 0.00007 0.00198

101 - 121 - - - - -

Table 7: Asymmetry correction and systematic uncertainties for dijets topology A.

M, range (GeV/c?) | Correction | Corr Err | Stat Err | UE syst | Total Apy Syst
12 - 14 -0.00005 0.00008 | 0.00007 | 0.00004 0.00048
14 - 17 -0.00003 0.00008 | 0.00005 | 0.00005 0.00048
17 - 20 -0.00007 0.00009 | 0.00007 | 0.00001 0.00048
20 - 24 -0.00026 0.00012 | 0.00007 | 0.00003 0.00049
24 - 29 -0.00041 0.00017 | 0.00008 | 0.00003 0.00051
29 - 34 -0.00041 0.00021 | 0.00011 | 0.00002 0.00053
34 - 41 -0.00047 0.00026 | 0.00014 | 0.00002 0.00056
41 - 49 -0.00053 0.00034 | 0.00021 | 0.00002 0.00062
49 - 59 -0.00109 0.00048 | 0.00030 | 0.00001 0.00074
59 - 70 -0.00031 0.00067 | 0.00047 | 0.00001 0.00094
70 - 84 -0.00082 0.00073 | 0.00065 | 0.00001 0.00108
84 - 101 0.00063 0.00060 | 0.00094 | 0.00001 0.00121
101 - 121 -0.00162 0.00232 | 0.00149 | 0.00001 0.00280

Table 8: Asymmetry correction and systematic uncertainties for dijets topology B.
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My, range (GeV/c?) | Correction | Corr Err | Stat Err | UE syst | Total Ay; Syst
12 - 14 0.00003 | 0.00012 | 0.00018 | 0.00060 0.00079
14 - 17 0.00004 0.00010 | 0.00010 | 0.00145 0.00153
17-20 -0.00011 0.00012 | 0.00011 | 0.00015 0.00052
20 -24 -0.00029 0.00014 | 0.00012 | 0.00056 0.00075
24 - 29 -0.00021 0.00018 | 0.00016 | 0.00047 0.00071
29 - 34 0.00023 | 0.00025 | 0.00023 | 0.00040 0.00070
34 - 41 -0.00042 0.00031 | 0.00031 | 0.00034 0.00073
41 - 49 -0.00044 0.00042 | 0.00044 | 0.00029 0.00082
49 - 59 -0.00020 0.00062 | 0.00066 | 0.00026 0.00105
29 - 70 0.00045 0.00097 | 0.00103 | 0.00021 0.00151
70 - 84 0.00012 | 0.00089 | 0.00139 | 0.00018 0.00173
84 - 101 -0.00297 | 0.00105 | 0.00205 | 0.00015 0.00236

101 - 121 - - - - -

Table 9: Asymmetry correction and systematic uncertainties for dijets topology C.

M, range (GeV/c?) | Correction | Corr Err | Stat Err | UE syst | Total Apy Syst

12 - 14 - - - - -

14 - 17 -0.00014 0.00012 | 0.00008 | 0.00110 0.00120
17 - 20 -0.00010 0.00010 | 0.00008 | 0.00025 0.00055
20 - 24 -0.00037 0.00013 | 0.00009 | 0.00102 0.00113
24 - 29 -0.00043 0.00016 | 0.00009 | 0.00083 0.00097
29 - 34 -0.00055 0.00020 | 0.00013 | 0.00068 0.00086
34 - 41 -0.00069 0.00023 | 0.00017 | 0.00060 0.00081
41 - 49 -0.00068 0.00027 | 0.00025 | 0.00054 0.00080
49 - 59 -0.00054 0.00040 | 0.00034 | 0.00041 0.00082
59 - 70 -0.00119 0.00053 | 0.00051 | 0.00036 0.00094
70 - 84 -0.00093 0.00055 | 0.00071 | 0.00031 0.00106
84 - 101 -0.00063 0.00042 | 0.00102 | 0.00028 0.00123

101 - 121 -0.00006 0.00159 | 0.00149 | 0.00024 0.00224

Table 10: Asymmetry correction and systematic uncertainties for dijets topology D.
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3 2013 STAR Results

Table 11 presents the numerical results of the analysis for inclusive jets. Tables
12 and 13 present the results of the run 2013 analysis for each topology of the dijets.

pr bin Jet pr App £ stat. £ syst.

7.0 - 8.2 7.79 + 0.86 | 0.00626 + 0.00241 + 0.00060

8.2- 9.6 9.62 + 0.59 | 0.00258 =+ 0.00249 + 0.00056
9.6 - 11.2 | 11.67 &= 0.47 | 0.00277 £ 0.00176 £ 0.00054
11.2 - 13.1 | 13.59 4+ 0.51 | -0.00075 =+ 0.00187 =% 0.00054
13.1 - 15.3 | 15.76 4+ 0.54 | -0.00085 + 0.00216 =+ 0.00051
15.3 -17.9 | 19.89 + 0.73 | 0.00444 + 0.00112 =+ 0.00050
17.9 - 20.9 | 22.68 & 0.81 | 0.00308 4 0.00114 + 0.00050
20.9 — 24.5 | 25.94 £ 0.89 | 0.00572 4 0.00128 + 0.00051
24.5 —28.7 | 29.75 £ 1.00 | 0.01008 4 0.00161 =+ 0.00054
28.7 —33.6 | 34.29 £ 1.21 | 0.01033 & 0.00217 =+ 0.00059
33.6 —39.3 | 39.59 £ 1.40 | 0.01249 4+ 0.00312 + 0.00064
39.3 —46.0 | 45.76 £ 1.52 | 0.01824 &£ 0.00478 4 0.00068
46.0 — 53.8 | 53.17 &= 1.73 | 0.02205 % 0.00788 =+ 0.00092
53.8 — 62.8 | 61.37 £ 1.95 | 0.04527 &+ 0.01388 £ 0.00212

Table 11: Inclusive jet Apr results.
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M;,,,, bin ‘ Dijet M;,, ‘ App £ stat. 4 syst.
Topology A: Forward-Forward Dijets
12-14 | 15.74 + 1.42 | -0.00548 £ 0.00619 + 0.00055
14 -17 | 1850 + 1.14 | -0.00011 4 0.00289 + 0.00074
17-20 | 21.96 + 0.95 | 0.00165 + 0.00248 + 0.00050
20-24 | 26.17 £0.94 | 0.00129 + 0.00226 4+ 0.00055
24 -29 | 31.63 £ 1.04 | 0.00248 £ 0.00246 4+ 0.00056
29-34 | 37.80 £ 1.36 | 0.00581 £ 0.00311 + 0.00057
34 -41 | 44.75 £ 1.35 | 0.00666 £ 0.00349 4+ 0.00059
41 -49 | 53.31 & 1.50 | 0.01140 4+ 0.00472 + 0.00066
49 - 59 | 63.64 + 1.73 | 0.01826 + 0.00659 + 0.00082
59 - 70 75.32 + 2.06 | 0.02431 + 0.01045 + 0.00114
70 -84 | 89.66 £ 2.51 | 0.03638 £ 0.01633 4+ 0.00144
84 - 101 | 105.63 + 2.90 | -0.00789 + 0.02919 £ 0.00198
101 - 121 - -
Topology B: Forward-Central Dijets
12-14 | 1549 + 1.47 | 0.00381 + 0.00533 £ 0.00048
14 -17 | 1848 + 0.83 | 0.00299 + 0.00213 £ 0.00048
17-20 | 22.33 +0.75 | -0.00116 4+ 0.00173 + 0.00048
20-24 | 26.67 £0.91 | 0.00336 £+ 0.00152 4+ 0.00049
24 -29 | 32.16 £ 0.99 | -0.00060 + 0.00161 4+ 0.00051
29 -34 | 38.59 £+ 1.17 | 0.00154 £ 0.00202 4+ 0.00053
34 -41 | 45.66 £ 1.41 | 0.00620 £ 0.00224 4+ 0.00056
41 -49 | 54.49 + 1.51 | 0.00865 + 0.00297 + 0.00062
49 - 59 | 65.02 + 1.75 | 0.00806 4+ 0.00406 + 0.00074
59 - 70 | 77.16 £ 2.07 | 0.02428 £ 0.00629 4+ 0.00094
70 -84 | 91.33 £ 2.57 | 0.01063 £ 0.00953 4+ 0.00108
84 - 101 | 109.20 + 3.05 | 0.01248 + 0.01613 £ 0.00121
101 - 121 | 129.75 + 3.45 | 0.05037 £ 0.02978 4+ 0.00280

Table 12: Dijet Ay results for topologies A and B.
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M;,,,, bin ‘ Dijet M;,, ‘ App £ stat. 4 syst.
Topology C: Central-Central Dijets
12-14 15.72 £ 1.54 | -0.01155 % 0.00785 £ 0.00079
14 - 17 18.90 + 0.99 | 0.00075 % 0.00367 £ 0.00153
17-20 | 22.24 £1.02 | -0.00293 4+ 0.00317 £ 0.00052
20-24 | 27.14 £ 0.98 | 0.00018 £ 0.00291 + 0.00075
24 -29 | 33.03 £ 1.09 | 0.00655 £+ 0.00317 4+ 0.00071
29-34 | 39.35 £ 1.43 | 0.00969 £ 0.00400 % 0.00070
34 - 41 46.62 £ 1.54 | 0.00817 4 0.00448 + 0.00073
41 -49 | 55.74 £ 1.71 | 0.01317 4+ 0.00603 £ 0.00082
49 - 59 | 66.39 = 1.93 | 0.01866 + 0.00833 + 0.00105
59 - 70 78.97 + 2.26 | 0.01712 £ 0.01292 4+ 0.00151
70 -84 | 94.22 +2.85 | 0.01357 4+ 0.01964 + 0.00173
84 -101 | 111.48 £ 3.22 | -0.00575 £ 0.03322 £ 0.00236
101 - 121 - -
Topology D: Forward-Backward Dijets
12-14 - -
14 - 17 18.20 £ 1.15 | 0.01048 + 0.00466 £ 0.00120
17-20 | 21.67 &£ 1.04 | 0.00296 +£ 0.00302 £ 0.00055
20-24 | 26.12 + 1.04 | 0.00307 £ 0.00235 + 0.00113
24 -29 | 31.42 + 1.02 | -0.00072 £ 0.00229 4+ 0.00097
29-34 | 37.33 £ 1.25 | 0.00169 + 0.00278 + 0.00086
34 - 41 44.60 £ 1.51 | 0.00501 4 0.00300 =+ 0.00081
41 -49 | 53.61 £ 1.69 | 0.00443 4 0.00382 % 0.00080
49 - 59 | 63.38 & 1.93 | 0.00887 £ 0.00500 = 0.00082
59 - 70 75.52 4+ 2.27 | 0.00985 + 0.00747 4+ 0.00094
70 -84 | 89.60 + 2.70 | 0.00351 4+ 0.01095 + 0.00106
84 - 101 | 106.63 £+ 3.20 | 0.03141 £ 0.01797 £+ 0.00123
101 - 121 | 127.17 £ 3.82 | 0.01114 £ 0.03187 4 0.00224

Table 13: Dijet Ay results for topologies C and D.
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4 Correlation Matrices

Table 14 shows the binning and the labels of the inclusive jet results, to represent
the correlation matrices. Table 15 shows the binning and the labels of the dijet
results for each topology, to represent the correlation matrices. The last bins (101 -
121 GeV/c?) for topologies A and C, and the first bin (12 - 14 GeV/c?) of topology
D, are not included due to poor statistics (*). The relative luminosity uncertainty
(4.7x107*) and the beam polarization uncertainty (£6.4%), which are common to

all the data points, were not included in the calculations.

Range (GeV/c) Label
7.0 -8.2 I1
8.2-9.6 12
9.6 -11.2 13
11.2-13.1 14
13.1-15.3 I5
15.3 - 179 16
17.9 - 21.0 I7

21.0 - 24.5 I8
24.5 - 28.7 19
28.7-33.6 110
33.6 - 39.3 I11
39.3-45.9 112
45.9 - 53.7 113
53.7 - 62.8 114

Table 14: Inclusive jet bins and labels for correlation matrices.

Range (GeV/c?)

Topology A Topology B Topology C  Topology D

12 - 14
14 - 17
17 - 20
20-24
24 - 29
29 - 34
34 - 41
41 - 49
49 - 59
99 - 70
70 - 84
84 -101
101 -121

Al
A2
A3
A4
A5
A6
AT
A8
A9
A10
All
A12
A13*

Bl
B2
B3
B4
B5
B6
B7
B8
B9
B10
B11
B12
B13

C1
C2
C3
C4
Ch
C6
c7
C8
9
C10
C11
C12
C13*

D1*
D2
D3
D4
D5
D6
D7
D8
D9

D10

D11

D12

D13

Table 15: Dijet bins and labels in each topology for correlation matrices.
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