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o The proton structure
@ Proton helicity structure
@ Gluon polarization: inclusive jet, and di-jet production
@ Sea quark polarization: Wi/Z boson production
@ 3D Structure of the proton
@ TMD parton distribution function
@ Transversity and TMD fragmentation function, identified hadrons in
jets
o Future STAR measurements
@ STAR forward upgrade at 7 as large as 4

@ Conclusion
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Proton Helicity Structure from
Longitudinally Polarized Proton
Beam
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The Proton Structure

@ xf(x,Q% =10 GeV?) vs. x for

quarks and gluons, MSTW, EPJC63, 189

@ Constituents: quarks and gluons —1.

Q=10 GeV?

@ Parton distribution functions:
f(x, Q?), the probability of a probe
at momentum transfer 02
encountering a parton in the proton
with momentum fraction x

@ gluons dominate at low x 10* 10° 10? 10™ 1
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The Proton Helicity Distribution

Proton spin sum rule:

1
S:= 5= ;AT +AG+ Lo,

@ In longitudinally polarized proton, PDF also depends on parton
helicity
@ Quark: AX(Q%) = [§ dxAfy(x, Q%) = [§ dx(f (x, @) — £, (x, @?))

@ Gluon: AG(Q%) = [§ dxag(x, Q%) = f§ dx(gt(x, Q%) — g™ (x, @?))
Deep inelastic scattering:
@ Quark contribution AY: constrained

AY = 0.254 + 0.042, Leader et al, PRD 82,
114018

@ Gluon contributions AG: poorly constrained
Fixed targets experiments — Limited in
x — Q2 space
Constrained through scaling violation

@ Orbital angular momentum contribution,
Lg,g: not constrained
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Gluon Polarization at RHIC
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Exploring Gluon Polarization at Hadron-hadron Collider

@ Asymptotic freedom at short distances — parton-parton scattering

@ At RHIC, jets, clusters of collimated particles, are dominated by gg and gg
processes, therefore allow direct access to Ag

PRD86, 094009

5 °°F
2 Fgg ag
g g9 q 8 sk
[
o L
@ r
§ 04—
S E pp—jet+X
g o3 NLO CTEQ6M
® k Anti-KT R=0.6
02 Inl<1
] g9 9 E
0= Solid:  {s=200 GeV
E Dotted: {5=500 GeV'
0.".15 011 0.‘15 0.‘2 0.‘25 0.‘3

S
@ Define longitudinal double-spin asymmetry Aj;:

ot —ot™  AfLAf,
ot tot— | hf, U

AL =

@ Theory predicts large partonic a7; involving gg and gg processes

@ Making A;; sensitive to gluon polarization
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RHIC Facilities, World-only Polarized Collider

Absolute Polarimeter (HT jet) RHIC pC Polarimeters

Siberian Snakes

N o
Spin Rotators

Spin flipper
(longitudinal polarization) P PP

Spin Rotators
(longitudinal polarization)
Helical Partial Siberian Snake

<

AGS pC Polarimeters

Pol. H™ Source Solenoid Partial Siberian Snake

LINAC BOOSTER

GS Internal Polarimeter
200 MeV Polarimeter= "~

Rf Dipo{

2.4 mile in circumference, two lane "racetrack”

120 bunches around each ring

Polarization orientation varies from bunch to bunch to minimize systematic
uncertainty

@ Spin rotators provide choice of polarization orientation (longitudinal or
transverse).

Strong Helical AGS Snake

@ Beam polarizations are around 55 to 65%
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Integrated polarized proton luminesity L [pb™']
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Polarized protons

2017P=53%
(Lpeak limitefl

by STAR

2013 P =53

/
/

50,

-

252009 P=34%
772012 P=59%

2006 P=55%
005 P=47%

2003 P=34%

10 12

Time lweeke in nhuciec]

14 16

@ Full 27 coverage in azimuthal

Tracking with TPC: |n| < 1.3
EM energy and triggering with:
BEMC: —1.0 <7 < 1.0,
EEMC: 1.0 <n < 2.0
Spin-sorted relative luminosity
monitoring detectors:
VPD, BBC and ZDC

Polarized pp dataset collected at
RHIC over the past two decades

At both /s = 200 GeV and
/5 = 500/510 GeV

Two large dataset collected in 2013
(longitudinally polarized) and 2017
(transverse polarized) at 510 GeV

Recent 200 GeV data from 2015
have equal amount of transverse and

longitudinal polarizations
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Longitudinal Double-spin Asymmetry A;; for Jets

@ Inputs to jet finder, reconstructed charged
TPC tracks and electromagnetic towers

@ Anti-k7 algorithm with R = 0.6 for 200 GeV
and R = 0.5 for 510 GeV

@ Count number of jets when beams have the
same and the opposite helicity, N** and
Nt

@ Measure:

Nt — RN*=
~ PgPy(N*+ + RN+-)

ALL

Ppg(yy: beam polarizations, and

A A .
R = 7= = spin-sorted relative
luminosity
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Dijet Events at STAR

@ Two leading p7 jets in an event
@ p3 7 >6 GeV/c, pa,7 > 8 GeV/c, theoretical

[
consideration
@ Opening angle A¢ = ¢3 — ¢a > %’T, remove
hard gluon emissions
@ |An| = |n3 —ma| < 1.6, limit detector
acceptance
@ Dijets are measured in topology bins defined
by 13 and g4
1 T
@ Topology bins sample different pairs of x; X1 = T(PTﬁe B+ prae™)
and x» and scattering angles cosf*, therefore 1 . —
_ x2 = —=(pr3e” " + prae”™)
constrain the shape of Ag(x) s
M = \/x1xos

|cosO*| = tanhM
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Newly Developed Techniques in [

Jet direction

@ Data-driven modified PYTHIA6 Perugia 2012
Tune with reduced Pgg = 0.213 from 0.24

Detector
Geant

1
o~ ——m ———
(PF + PF0)?
Vs )Po0
\/Sref

PT,0 = PT,ref X (

Particle

@ Jet reconstruction at three levels: simulated
detector response, PYTHIA particle and
parton jets

Pythia

@ Simulated jet quantities match data very well

Parton

@ Two off-axis cones centered at ig away in ¢
and the same 7) relative to a given jet are J;RDlOO, 052005
used to estimate underlying event for that

jet, ALICE, PRD 91, 112012

e Corrected the measured jet energy due to underlying
event contribution

9 Estimated the underlying event contribution to jet

AL

Cone (plus)
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STAR Inclusive Jet Results at /s = 200 GeV

NNPDF, NPB887, 276

2 2 _ 2
@ Inclusive jet A at /s = 200 GeV ® xAg(x, Q%) vs. x at Q° = 10GeV

@ With STAR 2009 data only:

<

o
o
123

T

02009 Data, PRL 115 (2015) 92002
[ [J2009 Data Syst.
0.04|— = 2015 Data, Preliminary

r 0.5
~ STAR Preliminary dXAg x) =0.23 +£0.07
008 paps Jets + X, 15 =200 Gev 70.05 (x)
[ Antik; R=06 e T
00 icos "-SE XAG(X, Q=10 GeV?) E
r } % o4l -
0.02— } + % 1
i 2 =
0.00/- dmete? * ¢* i + af//’//// ///%7::»,,‘.,_% B
) [ +61% ;2015; and T.s% (2009)}sca\e uncer:am(y from p}alarlza(ion n}o( shown oz %%7’ 72 ' _;
< 7 B!
05<l<1.0 U E

 [J2015 Data Syst. 08 NNPDFpol1.0
r ] NNPDFpol1.1

0.02|— % -1 positivity bound
C 4) ‘}+ Lo vl ool Lo
L o o § 10° 102 10" 1

S T L L, L e

0.00/- ¥ 2015 2009 X

L T . 2
0. .05 10 015 0.20 0.25 530 0.35 ° Slgnlflcant impact on XAg(X, Q )

X =2p/ 18 @ Uncertainty on xAg still large when
@ Reduced statistical uncertainty from x < 0.05

the recent 2015 data comparing to @ To constrain xAg at x < 0.05

the 2009 data better: increasing /s
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STAR Inclusive Jet A;; Results at /s = 510 GeV

@ Sampled xg distribution by jet with
< pr >= 8 GeV/c and 34.4 GeV/c

@ Inclusive jet A, vs. jet x7 = ZPTZ

together with 2009 200 GeV results,

PRD100, 052005

%)
=
= L
g L
S 015 | —e det<p>=80Geve
7002 [ B [
; : [~ STAR pp—sJets+X 8 L s Jot<p > =344 GeVic
= I —— 12510 GeV R=05 |09 = r
2 [ eworeee: 109 200 GoV R=06 /<10 £ o
‘@ UE/RL Syst. = 01+
%' 0.01 |- DSSV'14 =} -
£ | == NNPDF1.1 4 r
. i - [
0t 0.05 -
6.6% polarization scale uncertainty L
[ notshown
-0.01 L
1 1 I 1
0 0.05 0.1 0.15 0.2 0 . . .
Parton Jet x; (= 2p,/Vs) 10 10 10 1
xQ

@ Agree with previously published data at /s = 200 GeV
@ Also agree well with pQCD calculation with recent polarized PDF

@ At 510 GeV, access xg as low as 0.015
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STAR Dijet A;; Results at = 200 GeV

@ Dijet Ay in |n| < 0.8, barrel region @ Dijet A;; for n < 1.8, endcap region
.08
o = [ [Eoieta, STAR 2009
< [ STAR Preliminary 2015, 's = 200 GeV Y *en DSSV 20T p-5 Jue3 et X
010 p+p — Jet + Jet + X —— NMPDF Pal 1.1 13 =200 Gav.
L Anti-k; R=0.6 P e e R
[ sign(n,)#sign(n,) F
0.05— w0
[ ob }
0.00- b + -
o L £ [ 5<nte uncertainty
< [ o " 0.08 - [ POF Uncertainty
oo S0 =signn) o ey
""" © 2009 Data, PRD 95 (2017) 71103 Ben,<080Ben <18
b [2009 Syst. b
= STAR2015
[ [02015Syst.
005 " pssvig e
[ = NNPDF1.1 u _____________
L PR e + Lumi. Syst.
0.00 k] *‘?’?P ‘% 2152009 | ooz
|” +6.1% (2015) and 6.5% (2009) scale uncertainty from polarization not shown n
\ L | t
0.05 0.10 0.15 0.20 0.25 0.30 0.35 o.08 -
M /is ooal
@ With STAR 2009 dijet results, the F
0.2
DSSV study shows PRD100, 114027: X
E T
1 2 _ 2y _ Ep
f0401 Ag(X, Q =10GeV ) = 0.296 002~  +6.5%scale uncartainty from palarization ol shown
+0.108 2 T T e T T e e e

Parton Level Dijet nvariant Mass [GeVie']
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STAR Dijet A;; Results at /s = 510 GeV

@ Dijet A;; vs. Mj,, in four n 4

H :7 2012 @ 510GeV. 2 04

topology bins

) R - - IoE

@ Topology bins sample x1, x» =y FUBRIPPEEY. Sost
”W S 02f

and cosf* bins

Lm

1
— . .
x| = 7 (p7,3€"™ + pr 46™) - osst.
o
1 0o ossE
— - — .
Xy = *\/(PTae 3+ prae ) TR 03 I
s
o

|cos8™| = tanhM °

+
=4
—

@ Constrain the shape of
Ag(x)

ot L\
Topoloy C Topaiogy
e Canet Jf 03E CH S

@ More inclusive jet and dijet

6% polarization cale unoer Sty not shown

results from 2013 at -0
/s =510 GeV will come o

out soon

L . L L L \ . . .
5 a0 o 5 T
Parton DijetM_(Gevicl] o o 10 x B
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Sea Quark Polarization at RHIC
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W Production in Longitudinally Polarized pp Collisions

@ Ws are produced through left-handed quarks and right-handed anti-quarks

@ W are identified from e with:
o Large isolated energy deposition in EM-cal

9 Large pr imbalance due to missing neutrino

ot—o~

@ Longitudinal single-spin asymmetry, A; = P

AV 7Ad(X1)L_l(X2) —+ AL_I(Xl)d(Xz)
t d(x1)i(x2) + d(x1)d(x2)
AW —Au(x1)d(x2) + Ad(x1)u(x2)
t u(x1)d(x2) + d(x1)u(x2)

o WiwithAlgackward e~
Al E”<Xl), Y- <0 (x1 < x2)

% W & (x1)
@ W with forward et:
‘ + Ad
: _ Al L) ys <0 (x1 < x2)
polarized unpolarlzed ( )
beam beam

proton proton

probing
quark sum (d+d)

collision zone

W= A, sensitive to sea quark polarization

|
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W A; from 510 GeV pp Collisions and its Impact

@ W A vs. 7e, STAR, PRD 99, 051102

Al BipoW + X sete X @ Al — Ad vs. x, NNPDF, NPB887, 276
F o 1s=510Gev 25 <£% <50 GoV
0.5+ _
r Ad 0.08~ Sea Asymmetry
X(AU - Ad)
0.06;

0.04/

G,
_o02F- @°=10(GeV/cf
-0.51- & & STAR2011-2013 S NNPDFpol1.1
L wereeeeeeies BS15 GHE NLO o4 ¥ NNPDFpolt.frw
DSSV14 CHE NLO % — ‘_‘
DSSV14 RHICBOS ’ 10 10 1
P e NNPDFpoli.1 CHE NLO X
L g NNPDFpoH 1rw CHE NLO
1 0| ale uncertainty not sho
= S S T S S S E S S S . . .
1 0 1 @ By reweighting NNPDF replicas at
n _ =
. e Q% =10 GeV?: A > Ad unlike
_ ~ Ai(xy)
@ W, ne<0r — _
a(x1) d>i

Ad(x1)
o wr 'ne>0~ﬁ7(x1)
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Proton 3D Structure from
Transversely Polarized Beam

1980s
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Transverse Structure of the Proton

@ At given Q?, described by transverse momentum dependent (TMD) parton

distribution function, f(x, k1)

@ In polarized case, becoming spin dependent

oT+ol’

example jets, hadron in jets, W/Z bosons, and so on

@ Predict single spin azimuthal asymmetry Ay = for
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Transversity

@ Definition: dq(x) = qT(x) — g*(x)

N
P

—_—

@ Chiral odd, need to couple with
another chiral-odd distribution,

TMD fragmentation function (FF)

@ TMD FF is universal for example
Collins FF

@ Large uncertainties from DIS
measurements

Sensitive to transversity Sq krx
and TMD fragmentation X ’
PRD 93, 014009

0
0.05
= 0.1 Kang ct al (2015)
0.15 Anselmino et al (2013)  sessesess
o 0.2 04 06 08 1
X
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Collins Asymmetry for 7= in Jets

@ Transverse azimuthal asymmetry:
dot — dot ~ dAogsings + dAoy sin(és — ¢p) +

dAcy sin(¢s+on)+dAoy sin(¢s—2¢n)+d Aoy sin(ds+2¢n)
PRD, 83, 034021

@ Collins asymmetry: Asm(q&S PH) A, dAoy

_ sin(¢s—dp) . /_/
° AZHT(cbs ®h) e AT b vs jet pr at = 200 GeV

vs z (longitudinal momentum

. j: . B
fraction of 7= relative to the jet), at 0 01<z<08

/s = 500 GeV - _
= 004 STAREIL‘.\ Prellmlr;(ary
=" E p +p sjete x4
@ < pr >=31GeV/c PRD 97, 032004  § 50935 5 Jang Goy +
02 x>0 : 4
= L pl+p—ojet+n +X \s=500GeV 0= . *
&2 0.05|-0<T, <1 B,)=310GeVic E 4. .
= L
= ¥ 4 +
< [ W'——‘i’:‘ 002 4R _.0.05 LI +
0 003 01<z<08
N Eihaant i oo S dramax
S E . .
[ oo ¢ ook %<0
008 Dr\IAPvZD?S ¥4 ‘xpnv S K‘PRY-NI.L . ‘ . 0.02?
0.1 02 0.3 04 0.5 06 ﬂ.ﬂ1§ +
z FIIEIEIE I S S. ]
@ At large jet pr, large difference between 00t 4 1
7+ and 7~ in forwarding moving jets 002, g T
L o 003 o
@ First indication of transversity in pp _p.04F 3% Scale Uncertainty Not Shown
N
. 0 i5 20 25 30
collisions Particle jet p, [GeV/c]
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Collins Asymmetry for 7% in EM-Jets

@ Ayt vs. zgpy for 70 in electromagnetic jets in forward region at /s = 200 and
500 GeV, arXiv2012.11428

@ 2.9 <7 <38, 2.7 <m0 <40

0.02
[ STAR p' +p->EM-et+ 70+ X
Ay E P o= $ 200Gev
— Jet algorithm: anti-k_ R=0.7
0015 T
C Jetp, >2 GeVic 4 500Gev ]
oo 29, <38,27<n,<40 /
[ 3.0/3.4% beam pol. scale uncertainty not shown
0.005—
U
-0.005—
r []Theory200 Gev i _iTheory(Evo.) 200 GeV
001~ [JTheory 500 GeV ..} Theory(Evo.) 500 GeV
C | | | | 1
i U PR R S S
Zem

@ Small asymmetry over measured zgpy
@ Compared with theory predictions with and without TMD evolutions, PLB774, 635
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STAR Forward Upgrade

TR T WL
The Future

NEXT EXIT A

Pl o O, _)’ R X
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STAR Forward Upgrade

@ STAR forward upgrade has been
fully funded and approved in time for
polarized 510 GeV run in 2022

@ Forward Calorimeter System (FCS),
an EMCal and a HCal

@ Forwarding Tracking System (FTS),
silicon detectors (Si) and small thin
gap chamber (sTGC)

EM-Cal/H-Cal

@ Lay the groundwork for the
realization of the future Elector lon
Collider (EIC)

https://drupal.star.bnl.gov/STAR/starnotes/public/sn0648
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Future Plan with STAR Forward Upgrade

@ FCS system has been fully installed and is ready for test in the upcoming run
@ STAR will be continuing running till 2025, including two sets of transversely
polarized pp collisions at /s = 200 and 510 GeV

Year

Vs (GeV)

Sampled Luminosity (pb~T)

Polarization

Duration

2022
2024

510
200

400
235

Transverse
Transverse

16 weeks
TBD

T T
current data for Collins and Sivers asymmetry:
4

E o COMPASS h*:P, <16Gev
107E o STAR 500 GeV -1 <n <1 Coliins.

L ¥ STARW bosons

O HERMES  =°*, K":P,; <1 GeV
JLab Hall-A =°; P, < 0.45 GeV.
JLab 12

© STAR 200 GeV -1 <7 < 1 Collins
= STAR 500 GeV 1 <1 <4 Collins
O STAR 200 GeV 1 < < 4 Collins

@ Extend coverage of valence quark up to x > 0.3, where no current experiment

ha
Zilong Chang

s probed
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Conclusion

@ STAR longitudinal program has been complete
@ STAR inclusive jet and dijet A;; measurements have provided evidence of
positive gluon polarization in the proton, with y/s = 510 data pushing
gluon polarization at x < 0.02
o WE A at +/s = 510 GeV measures the sea quark polarization and shows

that Ad > Ad

@ STAR transverse program is a great tool to test universality and factorization
breaking in TMD formalism from pp collisions

sin|

(

@ STARA[T

@ More new results coming out soon including dijet Sivers asymmetry, Wi/Z boson Ay from 2017

¢s=¢H) provided first evidence of transversity

data, etc.

@ The forward upgrade will further explore the transverse spin structure for

valence quark at new regime, x > 0.3

Expect Another 5 Successful Years at STAR
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Forward Neutral Pions at 2.7 < n < 3.9

Collisions

@ Reconstructed 70 from its v decays, STAR,

£ 20000F > e
PRD 98, 032013 3 ‘1s000F- o Signai e
160005 . peetarouna
14000E-
@ Access xg as low as 0.001 12000F- 43Py <515 Galle
10000 R 0<E<70GeV
8000 265< <315
6000
4000F-
— 2000 E Bt
% 0.006-STAR pp—->n’+X 265<1<3.15 2 aso00f PRSPPI
< F\s =510 GeV 30<E <70 GeV 8 30000 30<E<100Gov
0.0041~ 25000 315< <390
0.002/~ 20000]
£ = 15000
DT 10000
— E 5000)
0.002f . —eeeeanan,
E 01 02 0 0477765768
-0.004 M, [GeV/c?]
-0.006—
= t + +
& 0.006- 3.15< 1<3.90 0
{ £ 30 < E <100 GeV
< 0.004 <E< € 3
£ Do
0.002- ° .
X.
Okanl 1 : 1
£ | 2° - X%
-0.0021 o
— NPDF
0,004 ~ ossves Eo
£ o.
-0.006 +6.7% polarization scale uncertainty not shown
/ s L o
3 1 5 6 7 it i P i
LR [GeVic] 07T RETTTET s 2 a5, 1, 05

. . . Iogm(x)
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Sivers Function

@ DIS, final state interaction, opposite @ Drell-Yan, W*/Z0, initial state

colors attract interaction, same colors repel

@ Siverspis = —Siverspreji—yan or, —Sivers,,+ or —Siverszo

e
Sp(PT,W X Pbeam)

0 Ay — L VNN (G+m)—/NT(3+m)N (9)
N= [P, wl

Poeam /NT(p)N+(g+m)+4/NT (d+-m)N¥ ()
PRL 106, 62002

, where cos(¢) =

@ Cross ratio formula cancels

1 1

< fsmar p-p 500 GeV (L = 25 pb™) < STAR p-p 500 GeV (L = 25 pb™) out Ieft—right detector
08F95 <PY <10 GeVie 08F95 <P <10 GeVie fhici d relati
06k o6k efficiency and re ative
o4k 04k luminosity
— .
02kl } I 0.2f X @ W= Apys favor sign change
P n—’ . -
o b L L o if no TMD evolution effect
0.2f 02F © TTteell
04k FW Ty o4 FW TV @ New measurements from
E KQ (assuming “'sign change”) F KQ (no “sign change”) .
08F — Giobal y2/d.of. = 7.4 /6 08F - = Giobal y/d.of. = 196 /6 2017 dataset will reduce
~0.8"3 4% beam pol. uncertainty not shown ~0.81"3.4% beam pol. uncertainty not shown L )
i A | P L statistical uncertainty by a
-0.5 0 0.5 -0.5 [ 0.5
. v ) v
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Ay for EM-Jet at /s = 200 and 500 GeV

T _ot . . .
@ Ay = §T+Z¢ as a function of Feynman-x, at @ Sivers first kT moments as a
2.9 < et < 3.8 arXiv2012.11428 function of x, top u quark and down:
004 STAR p+pe->EMdetsX & 200 GeV d quark, arXiv2101.03955
A, © Jetalgorithm: antik R=0.7 Iggg gegMultiplicily:R
I s 2Gevr + ¢!
bas| py'> 2 Gelie £ 500 GeV Multiplicity>2
[ 28<n<35 + ADY 500 GeV e I e 08 oo
D.Ul:— 3.0r3.4% beam pol. scale uncertainty not shown . e u = —
E i !
0.01— * :
b e bt
HE XL ¥ e SRS A
o = — _
| . f TTOd T 1 R
[ 1 1 1
T 6L [ ] Theory 200 GeV = -om d
2 f . Theory 500 GeV om
S 4 . i . o)
. A L] s
a Lartt e e e 20 apif SIS, P [ p——
I * it i i e
Y I S S - IR T T S S -
0 02 0.3 0.4 0.5 06 * ‘
X

@ Small EM-jet Ay as seen in STAR inclusive 70 Ay

@ STAR EM-jet has a big impact on constraining the Sivers function than SIDIS

data especially at large x
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Dijet Sivers Asymmetry at /s = 200 GeV

Parton kT leads to asymmetry in the centroid of dijet signed
opening angle, ¢
T_ +
@ Measure A¢ = W VS. Ntotal = Mjet,1 + Njet,2 ~ /’7(%)
@ Associate jet with the polarized beam through the jet motion
along the beam

@ Weighted charge tagging to separate quark flavors u and d

50
I *a)Tsni;-q 130 r  -—su-quark STAR Preliminary
[+ 0ltagsing [ e d-quark 2012+2015
[ A 100~ -+ gljion+sea +2/-z Combined
= - stat.uncert. only
r L Dijet pT > 6 GeV/c & 4 GeV/c
0.1— + faverage] — 50/ [average]
s L i : s b # t
o [ 4 C b
S or ; z | : 2 of } :
ap I 3 L = I
2 r g ; ' ¢ > r
-0 50
L STAR Preliminary C
[ 2012+2015 -100 l
_0.2 +2/-zCombined F +
|| statuncert. only Dijet pT > 6 GeV/c & 4 GeV/c C
[ T BT ST T ST S ;|| T R R FE S R R R N WY P R
—4 -3 -2 -1 () 1 2 3 4 5 6 =4 -3 -2 -1 0 1 2 3 4 5
total total
n 7
@ A(: 5 o separation between + tagging and — tagging
@ Unfold A¢ to kt: at Q2 = 160GeV/?, kTu >0, kg <0 and k7 gjuon = 0
<KkT 4>
@ | T.d~
| <kT > | ~2
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Collins Asymmetry for K= in Jets at /s = 200 GeV

@ Jet pt and asymmetries are corrected for underlying event contribution

@ Integrated over hardron 0.1 < z < 0.8

@ Like m*, KT in the forward moving jets shows positive asymmetry

Zilong Chang

sins, - 9,0

Particle jet p, [GeVic]
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0.4
o6t STAR 2016 Preliminary 5
- p +p—jet+K +X
50.06— Vs =200 GeY
[ *=0 % 4
P R S A
o T 14 T
0. L
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Collins-like Asymmetry for 7= in J

@ Transverse azimuthal asymmetry:
dot — dot ~ dAogsings + dAoy sin(¢s — ¢n) + dAoy sin(es + ¢p) +
+ dAo sin(¢s + 2¢p) PRD, 83, 034021

@ Collins-like asymmetry: modulation, Aﬁ"T(d)S_MH) ~ dAo;

@ Sensitive to
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@ At both /s = 500 and 200 GeV, Collins-like asymmetries are consistent with

Zero
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Transverse Spin-dependent Azimuthal Correlation of

Charged Pion Pairs

production plane bR angle between production plane
and hadron plane

T — Ny
o N (dps)—rN-(dgs) _ Pheam - AuT - sin(¢rs), where

NT(¢Rs)+rN+(drs) —
Al
r=mw

@ Pion selected by TPC . purity of pion > 95%
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@ For /s = 200 and 500 GeV, backward pairs corresponding to quarks with
smaller x have smaller asymmetries

@ At /s =200 GeV, enhancement around p mass due to vector meson decay
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Future plan with STAR Forward Upgrade
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@ Ay of 7T in the forward region

—01s

@ In the meantime with recently

STAR Projection

installed iTPC which will improve
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B 6o, 5 =510 Gev (201742022)

particle identification, STAR will 0.05 I oo, 6 200 cov otez0z0
measure 7= Collins asymmetry more
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