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[GeV] Year Channel Analysts

200 2009 Dijet%#$$ (EEMC) T.%Lin (IU)

200 2009 Lambda%%$$ J. Zhang%(LBNL)

500 2011 FMS%&'(#) Z.%Zhu%(Shandong/BNL)

200 2012 Incl.%jet%&%jet + &±(#/0 (central) K.%Adkins%(UKY)

200 2012 Lambda%Polarization Transfer J.%Mei%(Shandong)

510 2012 Inclusive%Jet%#$$ (central) Z. Chang%(BNL)

510 2012 Dijet%#$$ (central) S.%Ramachandran%(UKY)

510 2013 1
±
/3(#$ (BEMC +%EEMC) D.%Gunarathne +%A.%Kraishan (Temple)%

+%J.%Zhang%(LBNL)

500+510 2011%.
2013 1

4
/1

5 Cross%Sec. M.%Posik (Temple)%+%S. Fazio%(BNL)

510 2012%+%
2013 &

'
(#$$ (FMS) C.%Dilks (PSU)



Toward'Preliminary

Spin%PWG%Report%. Drachenberg 2

!
�

[GeV] Year Channel Analysts

200 2012 Dijet%Sivers H.%Liu%(IU)

510 2012 &
' (EEMC) +%jet%(central)%#$$ Y.%Wang (CCNU)

510 2013 Inclusive%Jet%#$$ (central) A.%Quintero%(Temple)
510 2013 Dijet%#$$ (central) D.%Olvitt (Temple)

510 2012.
2013 Dijet%#$$ (EEMC) J.%Kwasizur (IU)

510 Simu. Endcap%SMD%Clustering B.%Solyst (IU)
200 2015 Direct%Photons%in%FMS O.%Eyser (BNL)
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[GeV] Year Channel Analysts

510 2017 FMS%Performance in%2017 S.%Trentalange (UCLA)

510 2017 FPS/FPOST%Performance in%2017 D.%Kapukchyan (UCR)

510 2017 20171 Reconstruction%
Efficiency%and%Q/A J. Zhang%(LBNL)



which predict asymmetries that “bracket” the measured
ALL values. Although PYTHIA does not include parton
polarization effects, asymmetries could be reproduced via a
reweighting scheme in which each event was assigned a
weight equal to the partonic asymmetry as determined by
the hard-scattering kinematics and (un)polarized PDF sets.
The trigger and reconstruction bias correction in each mass
bin was determined by evaluating ΔALL ≡ Adetector

LL −
Aparton
LL for each of the selected PDFs, then taking the

average of the minimum and maximum values found.
These corrections to ALL varied from 0.0006 at low mass
to 0.0048 at high mass. Half of the difference between the
minimum and maximum ΔALL was taken as a systematic
uncertainty on the correction.
Figure 4 presents the final dijet ALL measurement for the

same-sign (top) and opposite-sign (bottom) topological
configurations as a function of dijet invariant mass, which
has been corrected back to the parton level. The correction
to parton level is achieved by shifting each point by the
average difference between the detector and parton-level
dijet masses for a given detector-level bin. The heights of
the uncertainty boxes represent the systematic uncertainty
on the ALL values due to the trigger and reconstruction bias
(3–32 × 10−4) and residual transverse polarization compo-
nents in the beams (3–26 × 10−4). The relative luminosity
uncertainty (5 × 10−4) also results in an uncertainty in the

vertical dimension that is common to all points and is
represented by the gray band on the horizontal axis. This
uncertainty was evaluated by comparing relative luminosity
values obtained using the STAR BBCs and ZDCs, as well
as from quantitative inspection of a number of single- and
double-spin asymmetries expected to yield null results. The
widths of the boxes represent the systematic uncertainty
associated with the corrected dijet mass values and, in
addition to contributions from the uncertainty on the
correction to the parton level, include uncertainties on
calorimeter tower gains and efficiencies as well as TPC
momentum resolution and tracking efficiencies. A further
uncertainty was added in quadrature to account for the
difference between the PYTHIA parton level and NLO
pQCD dijet cross sections. This PYTHIA vs NLO pQCD
uncertainty dominates in all but the lowest mass bin,
rendering the dijet mass uncertainties highly correlated.
The ALL values and associated uncertainties can be found in
Table I with more detail in the Supplemental Material [30].
Theoretical ALL values were obtained from the dijet

production code of de Florian et al. [7] using the
DSSV2014 [17] and NNPDFpol1.1 [18] polarized PDF
sets as input, normalized by the MRST2008 [33] and
NNPDF2.3 [34] unpolarized sets, respectively. As was
done for the unpolarized cross section, theoretical values
were generated using the same jet-finding parameters as the
data. Uncertainty bands representing the sensitivity to
factorization and renormalization scale (solid) and polar-
ized PDF uncertainty (hatched) were generated for the
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FIG. 3. Values of gluon x1 and x2 obtained from the PYTHIA
detector level simulation for the same-sign (upper) and opposite-
sign (lower) dijet topologies, compared to the gluon x distribution
for inclusive jets scaled by an additional factor of 20 in
each panel.
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FIG. 4. Dijet ALL vs parton-level invariant mass for the same-
sign (top) and opposite-sign (bottom) topological configurations
measured by the STAR experiment. The uncertainty symbols and
theoretical curves are explained in the text.
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[GeV] Year Channel Analysts

200 2009 Dijet%#$$ + cross%sec.%(central) B.%Page (BNL)

1 Since'August'collaboration'meeting'spin'report

Final%results%published
Phys.'Rev.'D'95,'071103(R)'(2017)

contribution from the UEH to the dijet mass is from the
individual jet masses [32], which are typically treated as
massless in NLO calculations. The UEH correction was
estimated from simulation by taking the ratio of the
particle-level over parton-level dijet 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 correction

(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 renorm-
alization scales were also varied independently between the
limits above, but the resulting deviation was always less
than the simultaneous case. The systematic uncertainty on
the UEH correction ranged between 39% and 7% from low
to high mass, respectively, while the uncertainty on the
theory was between 19% and 43%. The height of the blue
hatched band represents the quadrature sum of the theo-
retical and UEH systematics. Note that neither systematic
uncertainty is symmetric about its nominal value.
Systematic uncertainties on the extracted cross section
are smaller than the theoretical uncertainties for all mass
bins, meaning these data have the potential to improve our
understanding of UEH effects (at low mass) and unpolar-
ized PDFs in our kinematic regime.

Sorting the yields by beam spin state enables a deter-
mination of the longitudinal double-spin asymmetry ALL,
evaluated as

ALL ¼
P

ðPYPBÞðNþþ − rNþ−ÞP
ðPYPBÞ2ðNþþ þ rNþ−Þ

; ð2Þ

where PY;B are the polarizations of the yellow and blue
beams, Nþþ and Nþ− are the dijet yields from beam
bunches with the same and opposite helicity configurations,
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 factor 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 former’s
superior ability to constrain initial state kinematics based
on, for example, invariant mass and dijet topological
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 selects events
arising from relatively symmetric (in x) partonic collisions,
whereas same-sign events select more asymmetric colli-
sions. The most asymmetric, high-pT collisions are pref-
erentially between a high momentum (high x and therefore
highly polarized) quark and a low momentum gluon. The
control over initial kinematics achievable with dijets 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 dijets 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 resolution achievable with dijets compared to inclusive
jets is evident from the much narrower dijet 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
dijet mass bin choices sample different gluon x regions.
Values of ALL extracted from the data via Eq. (2)

represent an admixture of the asymmetries produced from
the three dominant partonic scattering subprocesses: qq,
qg, and gg. The STAR trigger is more efficient for certain
subprocesses [13], altering the subprocess fractions in the
data set and thereby shifting the measured ALL. Further
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 correction was
determined by comparing ALL from simulation at the
detector and parton levels using several polarized PDFs
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sured by the STAR experiment (points plotted at bin center). The
lower panel provides a relative comparison to theory, as described
in the text.
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[GeV] Year Channel Analysts

500 2011 &
4
&
5 IFF%#/0 (central) M.%Skoby (Mich.)%+%A.%Vossen (CEEM)

500 2011 Incl.%jet%&%jet + &±(#/0 (central) J.%Drachenberg%(Lamar)
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FIG. 3. AUT as a function of ⌘ for hpT i = 13 GeV/c
(top panel) and the kinematic variables hxi and hzi (bottom
panel). Statistical uncertainties are error bars and the open
rectangles below the data points are the asymmetric trigger
bias uncertainties. In the bottom panel, kinematic variable x
and z are shown.

ANALYSIS156

The azimuthal angles in the scattering system used157

to calculate the ⇡+⇡� azimuthal correlation are shown158

in Fig. 2, where the scattering plane is defined by the159

polarized beam direction, ~pbeam, and the direction of the160

total momentum of the pion pair, ~ph. The two-hadron161

plane is defined by the momentum vectors from each pion162

(~ph,1 and ~ph,2) in the pair, where the pions are chosen to163

be in close proximity to each other in ⌘ � � space with164 p
(�⌘)2 + (��)2  0.7 and the sum of the transverse165

momenta, pT , for each pair is required to be greater than166

3.75 GeV/c. Throughout the rest of this paper, pT is the167

transverse momentum of the pion pair. ~ph,1 is chosen to168

be the positive pion and ~ph,2 is the negative pion. The169

angle between the scattering plane and the polarization170

of the incident beam, ~sa, is �S . The angle between the171

scattering plane and the two-hadron plane is �R, which172

is used to define �RS = �R � �S , where �R and �S are173

calculated using Eq. (2)-(5). The angle �RS modulates174

the asymmetry due to the product of transversity and175

the IFF by sin(�RS).176

cos(�S) =
~pbeam ⇥ ~ph
|~pbeam ⇥ ~ph|

· ~pbeam ⇥ ~sa
|~ph ⇥ ~sa|

(2)

sin(�S) =
(~ph ⇥ ~S) · ~sa

|~pbeam ⇥ ~ph||~pbeam ⇥ ~sa|
(3)

cos(�R) =
p̂h ⇥ ~pbeam
|p̂h ⇥ ~pbeam| ·

p̂h ⇥ ~R

|~pbeam ⇥ ~R|
(4)

sin(�R) =
(~pbeam ⇥ ~R) · p̂h

|p̂h ⇥ ~pbeam||p̂h ⇥ ~R|
(5)

The ⇡+⇡� azimuthal correlation observable is defined177

in Eq. (6), where P is the beam polarization and N"(#)
178

is the number of pion pairs when the polarized beam179

is polarized up(down). This definition is independent180

of the relative luminosity [30], which is the ratio of the181

integrated luminosities per polarization state.182

AUT (�RS) is calculated for 8 �RS bins of equal width,183

which are then fitted with a single-parameter function,184

A
sin(�)
UT sin(�RS), to extract the amplitude. This proce-185

dure is carried out as a function of the pseudorapidity of186

the pion pair, which is denoted as ⌘ for the remaider of187

this report. ⌘ > 0 is forward with respect to the polar-188

ized beam direction. AUT is also measured as a function189

of invariant mass, Minv, and pT .190

AUT (�RS) =
1

P
·
p
N"(�RS)N#(�RS + ⇡)�

p
N#(�RS)N"(�RS + ⇡)p

N"(�RS)N#(�RS + ⇡) +
p

N#(�RS)N"(�RS + ⇡)
. (6)

The largest systematic uncertainty in this analysis191

comes from the 4.5% scale uncertainty due to the beam192

polarization. Additionally, since quark jets are more col-193

limated than gluon jets, the events recorded are biased194

towards pions that come from quark jets. This could195

result in an enhancement of the measured asymmetries,196

since gluons are not expected to contribute to transver-197

sity. To investigate this bias, a PYTHIA [31] simulation198

was used along with GEANT [33] , which models the199

STAR detector, to estimate the quark/parton ratio of a200

biased sample over the quark/gluon ratio in an unbiased201

sample. The size of the trigger bias e↵ect is about 66% of202

the statistical uncertainty. Finally, the pion pair purity203

previously mentioned was used to estimate the asymme-204

try dilution due to ⇡ � K and ⇡ � p pairs to be about205

15% and is added in quadrature with the trigger bias206
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Lead%analysts%actively%working%on%both%drafts
Expect%both%papers%to%release%within%a%few%

weeks
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•   New preliminary AL results
 at near-forward rapidity !  

  
•   STAR 2013 results are the

 most precise measurements
 of W AL so far. 

    �

 

DIS2017 

W-�

W+�

SPIN2016, UIUC, Jincheng Mei 

DTT Results from STAR measurement

! < 0! > 0

✦ Most precise measurement on    (   ) polarization in P+P collision at RHIC, which reach pT 
~8 GeV/c within statistical error of 0.04 .

✦ The dominant source of systematic uncertainty is from relative luminosity.
✦ DTT  of     and    are consistent with each other and consistent with zero within uncertainty.

✦ Results of transverse spin transfer DTT of    and     in P+P collision at 200GeV.

STAR Preliminary STAR Preliminary

11

⇤ ⇤̄

⇤ ⇤̄
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feed-down contribution included feed-down contribution included 
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[GeV] Year Channel Analysts

200 2009 Dijet%#$$ (EEMC) T.%Lin (IU)

510 2013 1
±
/3(#$ (BEMC +%EEMC) D.%Gunarathne +%A.%Kraishan (Temple)%

+%J.%Zhang%(LBNL)
200 2012 Lambda%Polarization Transfer J.%Mei%(Shandong)

Conference'Presentations

• DIFFRACTION'(1)

• INPC'(2)

• Spin'(8)

• DNP'(6)

• DIS'(4)

• APS'(5)

Released'for'SPIN'2016'at'UIUC,'
DNP'2016'in'Vancouver,

and'DIS'2017'in'Birmingham

1 Since'August'collaboration'meeting'spin'report
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Dijet Asymmetry: Endcap-Endcap
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STAR'Gluon'Helicity Measurements
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Signal and BG Fitting → Purity → Background Corrections

measured
background

measured – background

bg-corr – measured

RUN 12 SMALL CELLS

500'GeV'FMS

9

Cluster	Maker	Examples

EEMC'SMD'

clusters

Inclusive'Probes

Inclusive%jets
• 2012%near.final%wi/%draft%analysis%note%posted
• 2012%cross%section%to%follow%in%future
• 2013%near%preliminary;%last%systematics%to%wrap%in%

~2%weeks%(target%EPS%meeting)
Inclusive%pions
• 2012.13%FMS%finalizing%resolution%systematics%and%

B.G.%corrections%for%paper%(updating%analysis%note)
• EEMC:%new%SMD%shower%fitting%procedure



Comparison	to	Run	12	

17	

•  Consistent	with	the	run	12	values		
•  t-test	value	of	0.07,	suggesIng	there	isn’t	a	signficiant	difference	between	the	2	

samples	
•  Improved	staIsIcal	and	systemaIc	uncertainIes	

STAR'Gluon'Helicity Measurements

Spin%PWG%Report%. Drachenberg 9

Status on Run 12 π0-jet ALL� ��2017-05-17�

Dataset	reproducBon	--	π0-jet	check	

SL16i	using	2x10	iteraBons	for	SMD	clustering	smoothing	algorithm�

•  Benefit	the	higher	sta3s3cs	for	signal!	

•  ALL	results	will	be	available	in	coming	month.�

EEMC'pion+jet

Correlation'Probes

Dijets
• 2012%finalizing%corrections/syst.%wi/%full%M.C.;%

trigger%bias%study%underway;%final%this%summer
• 2013%near%preliminary;%wrapping%up%systematics%

and%note%for%release%(target%Users’%Mtg &%EPS)
• 2009%EEMC%trig/reco bias%+%U.E.%complete;%final%

results,%soon
EEMC%Pion.jet
• 2012%trees%reproduced;%major%task%is%the%B.G.%

correction;%target%results%by%end%of%summer
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Results	of	-..

12

• Results	with	their	Statistical	and	(now	complete)	Systematic	
Uncertainties	by	Trigger

u.bar/d.bar
• 2013%#$ updated%cuts%and%corrections,%e.g.%wrong%charge.

sign%correction;%preparing%paper%proposal
• 2013%x.sec%ratio%updating%analyses%wi/%new%production%

(e.g.%StiCA and%new%geometry);%new%BEMC%gains;%
updating%systematics%studies

strange
• 2009%Lambda%%$$:%new%M.C.%analysis;%updated%trigger%

bias,%propagating%to%updated%systematics;%preparing%
documentation%for%final%results/paper

5/16/17 2013	W	AL 16

Working	Figure	4:	combined	results
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Run 13 RW

STAR Collaboration Meeting: May 2017

ηLepton 
-1 -0.5 0 0.5 1

R
W

0

1

2

3

4

5

6

7

8

9

10

DIS 2015 (Run 11+12)

Run 13 (Full Set)

Run13 Comparison

Eta Bin
1 2 3 4 5 6 7 8

R
el

at
iv

e 
U

nc
er

ta
in

ty

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

Statistical Relative Uncertainties

DIS Prelim. (Run11 + Run12)

Run13 Period 1+2

.

W+/W-

.- Bin

/01 012



STAR'Transverse'Measurements

Spin%PWG%Report%. Drachenberg 12

ℎB 8

Proton%spin.polarization%#

# $

Consider%proton%moving right

#
/0

M
N
M
H

sin RST =

>
↑
RST − >

↓
RST

>
↑
RST + >

↓
RST

∝

ℎB 8B A 8C W
∢
Y

A 8B A 8C % Y
JZ00

e.g.%charged.pion%IFF



Corrected	Asymmetries	(z)	

4	
Z

0.2 0.4 0.6 0.8

0.05−

0

0.05 25.4 G
eV/c

0.05−

0

0.05

17.8 G
eV/c

0.05−

0

0.05

14.0 G
eV/c

0.05−

0

0.05

10.8 G
eV/c

0.05−

0

0.05

9.2 G
eV/c

) Hφ
 - Sφ

si
n(

U
T

A

0.05−

0

0.05  Corrected+π  Measured+π

 Corrected-π  Measured-π

 > 0Fx

 = 7.2 G
eV/c

〉T
p〈

Corrected	Asymmetries	(z)	

4	
Z

0.2 0.4 0.6 0.8

0.05−

0

0.05 25.4 G
eV/c

0.05−

0

0.05

17.8 G
eV/c

0.05−

0

0.05

14.0 G
eV/c

0.05−

0

0.05

10.8 G
eV/c

0.05−

0

0.05

9.2 G
eV/c

) Hφ
 - Sφ

si
n(

U
T

A

0.05−

0

0.05  Corrected+π  Measured+π

 Corrected-π  Measured-π

 > 0Fx

 = 7.2 G
eV/c

〉T
p〈

STAR'Transverse'Measurements

Spin%PWG%Report%. Drachenberg 13

How does the update of trigger bias  
affect the total systematic uncertainty

[GeV]
T

P

1 2 3 4 5 6 7 8

T
T

D

0.15−

0.1−

0.05−

0

0.05

0.1

Λ

Λ

, SU(6), GRSV00(standard)Λ

, DIS, GRSV00(standard)Λ

, SU(6), GRSV00(valence)Λ

, DIS, GRSV00(valence)Λ

(a)
 < 1.2η0 < 

STAR preliminary
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New Estimation

23

Only update the systematic uncertainties from trigger bias and keep the rest remained 
as the preliminary result. 

The data is remained the same with the preliminary.

Generally the systematic uncertainties are close to each other.

Transversity

Collins%(jet+pion)
• 2012%background%correction,%kinematic%shifts,%trigger%bias%updated;%approaching%final
Lambda%%00
• 2012%new%M.C.%analysis;%updated%trigger%bias,%propagating%to%updated%systematics;%

preparing%documentation%for%final%results/paper

Analyze'in'STAR'

framework'

9

Run12 – East Barrel

Run9 – East Barrel

Run12 – West Barrel

Run9 – West Barrel

Imbalance 
in jet PT

• Compared to run9, 
run12 jet pT is not 
uniform vs jet phi 
(all triggers on)

• From run 12 plots, we 
expect an imbalance of 
netpt pointing roughly in 
10’ clock direction

• Reason?: tower gains? 
TPC efficiency? 
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Sivers

Dijet
• 2012%analysis%uses%[0 imbalance%technique;%investigating%

measurement%options,%e.g.%cross.ratio%to%cancel%acceptance
Forward

• 2011%#) reproduced;%integrated%into%STAR%framework;%new%
photon%shower%shape;%further%work%on%M.C.%and%Collins
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• Papers'published'since'August'2016'meeting'(1)

. 2009%Dijet(#$$ [PRD%95,%071103(R)%(2017)]
• Papers'in'GPC'(2)

. 2011%500%GeV%Charged%Pion%IFF

. 2011%500%GeV%inclusive%jet%&%jet + &±(#/0
• Preliminary'results'since'August'2016'meeting'(4)

. 2013%510%GeV%BEMC%1±
#$

. 2013%510%GeV%EEMC%1±
#$

. 2009%200%GeV%EEMC%Dijet(#$$

. 2012%200%GeV%Lambda%Polarization%Transfer
• Updates'presented,'this'week'(20'talks'+'EMC'workshop)


