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Constraining the Quark and Gluon Helicity
at STAR
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Spin of the Proton

SPIN 2023

e For helicity distributions (collinear terms) in ‘canonical’

approach, the proton’s spin can be decomposed into:

1 1
(SP) = S =5A%+AG + (L1 + (L7)

« AL = [(Au+ Ad + As + AU + Ad + AS)dx

R. L. Jaffe and A. Manohar, NPB 337, 509 (1990)

e AG = [ Ag(x)dx

AOppjet+x = ZJfa(xpQz)fb(xz»Qz)d6a+b—>jet+x(x1:x2;Qz)dx1dx2
ab
* Helicity PDF, Af(x) = * Unpolarized PDF, f(x) =

e e o &

ffre = 7 fr) fm(x)

Ting Lin - Shandong University 3
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Relativistic Heavy lon Collider (RHIC)

Absolute Polarimeter (HT jet) RHIC pC Polarimeters
\ //. /
PHOBOS e BRAHMS

Siberian Snakes

<«—— Siberian Snakes

—  PHENIX

Spin Rotators Spin flipper
(longitudinal polarization)
) _ R Spin Rotators
Pol. H™ Source Solenoid Partial Siberian Snake (longitudinal polarization)

LINAC

BOOSTER Helical Partial Siberian Snake

<

| AGS pC Polarimeters
Strong Helical AGS Snake

GS Internal Polarimeter
200 MeV Polarimeter

Rf Dipole

*  Spin pattern changes from fill to fill with little depolarization;
* Siberian snakes preserve the polarization;
*  Spin rotators select spin orientation;

* proton-Carbon (pC) polarimeters and hydrogen gas jet (H-Jet) measure the polarization.
SPIN 2023 Ting Lin - Shandong University
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STAR Longitudinal Polarization Data

Polarized protons

2012 P= 59%

100 e 2011 P=48% 2006 P=55%
E 1 2009 P=56% 5005 pP= 47%
‘/

2003 |P=34%

0 2 4 6 8 10 12 14 16 18 20
Time [weeks in physics]

polarized data have been published in the last few years,

200 i E e s 22 P =50°
Year 2009 2009 2011 2012 2013 2015 —— 250255 GeV it
= 800 | —-- 100 GeV by STAR)
Vs (GeV) 200 500 500 510 510 200 =
_ = 700 SR PSS S R 9/ ABSU S —
Lint (pb 1) 25 10 12 82 300 52 iy / 20171) 53%,
2 (Lpeak limited
Polarization ~ 55% 39% 48%  53%  55%  58% £ 600 e // by STAR
E T 2013 P=53%
: e AT
* RHIC has concluded the longitudinal polarized data taking g wo bt L j o
) I Y/ 47 A N L
| . g ¢ »
in 2015; %‘: 300 R e i e e e S
e Most STAR key measurements using the longitudinal g - 20121’:5_2_‘_?’_ _______ /2 9_1__5__;3____‘5__5_3_.3___2009 eson |
[ \ :
L .
=

with few to be published soon.
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HERMES, PRD 75, 012007 (2007)

Quark Polarization HEAWES,PRD 75, 012007 2007

NNPDF, Nucl. Phys. B 887, 276 (2014)

- L R— A e F mERs — T N AR T T T O T — ‘ n
™~ | 0.5— — 0.05— — 0.08— -
C.> 12— =0.00. . O E155 &b HERMES E XAU+(X-QZ=1O GeVz) ] . XAd+(X'Q2=1O GeVz) . L XAS+(X,Q2=10 GeV"')
I x=0.0045  (i=1) r ] r 0.06]
(\j [ % — x=0.0055 ® COMPASS O CLASW>2.5GeV =
+ 10__ x=0.007 —— COMPASS NLO fit 0.04-
[o N ¥ x=0.009 1 002
z [ ) =0.012 _ 2 r
& [—tg g =2 ednqw) ;
| x=0.017 B
i S oe o« x=0.024 q E e 1 002 .
| ol o oy X=0.035 ' " F 1 oo
G—W._%_ x=0.049 1 r ] .
[ A %ﬂé@% ok Ko X ¢ =0.077 (=10 -0~ ] NNPDFpol1.0 . -0.2- ] NNPDFpol1.0 B 006 ] NNPDFpol1.0
i ¥ *0. i ] NNPDFpol1.1 1 [ [__] NNPDFpoli.1 ] "t [_] NNPDFpol1.1 1
- Q- lpednN ol —§—sks x=0.12 0.2 positivity bound - -0.25 positivity bound 4 0.08- positivity bound .
ab «=0.17 S Y S Y M T SN SRR ST Eeet v e
L %G}‘ Ai—oph—#K—0xc . 10 10?2 107 1 10° 10?2 10" 1 10° 102 107 1
| A-LOB- ARk K- X x70.22 X X X
T A - B -E o —om—o—xe—ex 02
gn - Ao X041 — 5] —
 mvmee e S AY = [ (Au+ Ad + As + At + Ad + AS)dx
0_|| L ror - ot X074
1 10 102 . . . _ —
2 2 .
Q? (GeV?/c?) * Polarized inclusive DIS data measure Au + Au and Ad + Ad;

eaquest, Nature 590, 561-565 (2021)

e HERMES: AZ(Q? = 3GeV) = 0.330 + 0.011 (theo) + 0.025 (exp) + 0.028 (evol)

—:E SeaQuest/E906
‘:l Systematic uncertainty
—+ Nusea/Es66

e COMPASS: AX(Q? = 5GeV) = 0.32 + 0.02 (stat) + 0.04 (syst) + 0.05 (evol)

...... = = - * Polarized SIDIS data provide flavor separation, but with large uncertainties;

[ Alberg & Miller
Basso et al.

= CT18, NLO, SeaQuest kinematics
<<% CTEQ6m, SeaQuest kinematics

e Surprising results were found in the unpolarized anti-quark distributions;

* Might the polarized anti-quark distributions also contain surprises?

o

oIIIIIIIIIIIIIIIIIIIIIIII

0.1 0.2 0.3 0.4
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Anti-Quark Polarization via W T Bosson

e_
probing
quark sum (u+d)
e- probing probing e-
U quark d quark
P -
LT | q W- h pa——E o L
polarized \_ |~ ~ unpolarized
beam . beam

collision zone

STAR, PRD 103, 012001 (2021)

121 g
" STAR p+p, L=350pb™, Vs =510 GeV | o (2011+2012+2013)
10 W > etv -~-+ CT14MC2nlo (FEWZ)
~25 GeV < E; <50 GeV - - NNPDF3.1 (FEWZ2)
B --- MMHT2014 (FEWZ)
sk -~ CJ15 (FEWZ)
B — BS15 (CHE)
B — JAM19 (FEWZ)
6
al-
o 4+
- e oM
L on
0 L1 L | | | L
-1 -0.5 0 0.5 1
N,
SPIN 2023

A ot —o~
L ot +0-
[ Au(xy)
o ThuC)dG) + AdGulen) | ula)’
W _ _ ~ N
u(x1)d(xz) + d(x)ulxz) Ad(xy)
. d(x1)’
Ad(xq1)
AW & —Ad (x)u(xy) + Au(xq)d (x;) - - d(xy)’
L d(x)u(xz) + ulxg)d(xz) Au(xq)
. (xy)’

* Only left-handed quarks and right-handed anti-quarks participate;

* No fragmentation function uncertainties;

« W measurement at RHIC provides a unique way to delineate the

flavor structure of proton spin.

Ting Lin - Shandong University
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Anti-Quark Polarization from STAR

STAR, PRD 99, 051102(R) (2019)

- pHp—oWEr X e+ X

25 <E3 <50 GeV

5 Vs =510 GeV

e g Rel lumi
- syst

-0.51- 5 STAR 2011-2013

L e BS15 CHE NLO
- DSSV14 CHE NLO

- - -~ DSSV14 RHICBOS

m s NNPDFpol1.1 CHE NLO

B “22%<% NNPDFpol1.1rw CHE NLO
3.3% beam pol scale uncertainty not shown

s & o f s 5 5 ¢ f o u o5 g b o5 5w o4

1 0 1
n

e

e Clearly demonstrate that Al > Ad;

JAM, PRD 106, L031502 (2022)

_ = now |
0.060 T(Au—Ad) ———
I +pos |
0.04r i
0.02 Z i
o
W JAM
2 2
0.06r @ =10 GeV NNPDFpoll.1 7
s DSSV08
0.04
0.02
0

e This is opposite from the unpolarized distributions, which has d > .

SPIN 2023
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The RHIC Cold QCD Program, arXiv:2302.00605

XAl (x,0°=10 GeV?)

DSSV Preliminary -

>
>
o
)
o]
N
I
_
g |

00317 — pssvi4
-0.04 [~ B8 DSSV14 + RHIC _,,,, | —
3 -2 -1
10 10 10 1
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Strange Quark Polarization

STAR, arXiy:***#x*

0.1F STAR - STAR
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-0 1:_ 0<,m<12 @)
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= A

0.05

DLL
=)
!
#
¥
+
:
e
e
D,
=

r b ~0.05—
N - 10<17t<0 (b)
_0_05:— - . ...................................
- -12< <0 % .
_01__ ..... nA(K) ......... | PR BRI B (b) ?‘?’\10— .' ® (]
1 2 3 5 6 7 8 x . e (©
P A(K)(GeV/c‘) 0 01 02 03 04 05 06 07 08

See Qinghua Xu’s talk
Sep. 26, 2023, 10:00 AM

3D Structure of the Nucleon

do® P-A"X) _ 450 p-ATX)

Dy, =

do @ p-A*X) 1 dg(@tp-ATX)

dN

Tcosd" & A(1 + apPp cos87)

* These results provide insights into the strange quark and anti-quark helicity distributions in the proton;

* The first measurement of the D;; vs. z directly probes the polarized fragmentation functions.

SPIN 2023
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Probing the Gluon Helicity at RHIC

What we hope to learn

John Babcock et al. Phys.Rev.D 19, 1483 (1979)

O.+

Measured by others

AfaAfb

fafb

Calculable

qag

Py
P
.
.

Solid:

{s=200 GeV

Dotted: Vs=500 GeV

pp—jet+X

NLO CTEQ6M
Anti-k, R=0.6

Inl<1

g1
<fU + O.+
0.75 A —
LL — _
0.25
0
. 0.6
0.25 A gg-gg D qﬁ—>q<_ﬁ -
+ B qq-»qq E gg-qq 0.5
osfF Cag>qaq  qg-ge 5§
: qq'>qq’ qq->gy 5 04l
0.75 | qg-qg q9-9'q L;L“.’ -
E 498-9Y qq-11 @ .F
1 b g 03—
MFE N S NS R NS NS S s R o -
-0.8 -0.4 0 0.4 0.8 2 -
cosVU § 02
. : . . n
o At the parton level, helicity correlations are very large in leading-order QCD; 0.1F
o For most RHIC kinematics, gg and qg dominate, making A;; sensitive to gluon 00:

polarization.

SPIN 2023 Ting Lin - Shandong University
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ALL

A;; Results from ° Production

STAR, PRD 89, 012001 (2014)

0.15... -=q .- _
- GRSVAg=g GRSV A g = std 6+6—)T€0+X
- ~-GRSVAg=-g —DSSV
0.1 o STAR 0 s = 200 GeV
C 0.8<n<20
0.05— _+_
U PURPP PP [ ..... v v JUURURRORRRRROR
-0.05—
-0.1— 6% Scale Uncertainty
0 v by vy by e by e e by b
5 6 7 8 9 10 1 12
P, [GeV/c]

Relative Yield

- pp T E

= /S = 510GeV

- X4 o

- - %

E 2,65 <1 <3.90

F3< <10GeV/c H :

0B <706 v T R -

E oo ""u_l i

4 35 8 25 -2 -15 -1 -05
log, (x)

« 19 results at intermediate pseudorapidities provide sensitivity to the

gluon polarized PDF in the region x ~ 0.01 - 0.05;

e Results from forward rapidity push the sensitivity for Ag(x) to x ~ 0.001;

e Measured results are consistent with both NNPDF and DSSV

extrapolations of A;;, assuming proper Ag(x) shape at low x and using

DSS fragmentation fu

SPIN 2023

nctions.
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l A, (n0)

ALL(no)

0.006
0.004
0.002

-0.002
—-0.004
—0.006
0.006
0.004
0.002

o

-0.002
—-0.004
-0.006

STAR, PRD 98, 032013 (2018)

-STAR pp—n’+X 2.65< n<3.15
- (s =510 GeV 30 <E < 70 GeV
= 4]
: 5 i } } |
L 3.15<1<3.90
- 30 < E < 100 GeV
- I
-] S
é/ ”””””””” — [
: e NNPDF
:_ - = DSSV14
:_ +6.7% polarization scale uncertainty not shown

| | | | |
2 3 4 5 6 7 8

P, [GeVic]
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Anti-k; Algorithm:

Jet Reconstruction at STAR

Simulation:

Radius = 0.6 for pp 200 GeV

Radius = 0.5 for pp 510 GeV

Jet Levels

Particle Detector

Parton

SPIN 2023

MC Jets

GEANT

PYTHIA

PYTHIA 6.4 Perugia0

*  PYTHIA 6.4 Perugia2012, PARP(90) = 0.213

d?g/(dprdn), pb/(GeV/c)

Ratio to data

10 10
109
108
107
106
10°
10*
103
102

101

Inclusive jet cross section

|II[\||I|II\\‘II|I‘1III{\\\I|III\‘IIII‘\III

—— STAR Run 2012 Preliminary (stat. uncertainty3

Jet Energy Scale syst. uncertainty for EMC
— _Z Unfolding syst. uncertainty (simulation statistics)
—— NLO pQCD ® CT14nlo (= pF*) X fhad.
— Pythia 6.4.28 @ Perugia 2012, PARP(90)= 0.213
pp at /s = 200 GeV, |n| < 0.8, anti-kt, R = 0.6

10% luminosity uncertainty not shown

il

‘IIFI IIII[IH

[‘JIII|[llJ‘IIIl‘]II\llJ]IlII\l]IIIl‘JIII

FTTT

10 15 20 25 30 35 40 45
jet pr, GeV/c

Ting Lin - Shandong University

50

107

d’c
de dn [pb/GeV/c]
o

10°
102

10

0.4
0.2

Stat/syst unc.
o

-0.2
-0.4

d’c
de n [pb/GeV/c]

Stat/syst unc.
o

- STAR preliminary
T p+p — Jet+X at Vs=510 GeV
- Anti-k; R=0.5
— In]<0.5
|——————
————"
3
5.2% lum. unc. not shown —
B L | L |
2_4:.‘:1:1_0:!%
10 20 30 40 50 60 70 80
Jet P, [GeV/c]
- 05<|n|<0.9
— — JPO
— —— JP1
= STAR preliminary
—
I
|
—_—
L Lo P RS
= 1 | | | . 1
E_L | | | | ‘ T T
10 20 30 40 50 60 70 80
Jet P, [GeV/c]
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Evidence of Positive AG

STAR, PRL 115, 092002 (2015)

—STAR 2009
—  p+p — Jet+X
—  {s=200 GeV W
= 7 o "
- 7
:_ [
0 ;’:*_':ﬂ:!.;‘_,’:f:: '_‘,;::'-:*-“‘:“"“ """""""""""""""""""""""""
E | I L |
- e STAR
- |— BB10
- |----DSSV
- =—i= LSS10p /
— |--- LSS10
3 NNPDF ? et
- R
-~ 05<hi<1 | e
- L g d
= P } 7
E_ ot ~ ¢
0 B
= +6.5% scale uncertainty
= from polarization not shown
_ 1 I | 1 I 1 1 1 1 1 1 1 1 ([ 1 1 1 1 1 ' l 1 1 1
5 10 15 20 25 30 35
Parton Jet P (GeVlc)
SPIN 2023

DSSV, PRL 113, 012001(2014)

_02 1 L0l

2

1073 107

NNPDF, Nucl. Phys. B 887, 276 (2014)

T '
XAg(x,Q°=10 GeV?)

)

[ NNPDFpol1.0

77771 NNPDFpol1.1

positivity bound
11 I|

10°

1 1
10® 107 1

X
* Both DSSV and NNPDF have performed new polarized PDF fits;

* Both find the 2009 RHIC results provide significantly tighter constraints

on gluon polarization;

* Both find evidence for positive gluon polarization in the region x > 0.05:

* NNPDF: AG = [}~ Ag(x)dx =0.23£0.06

* DSSV: AG = [, Ag(x)dx = 0.20 + 0.06

Ting Lin - Shandong University
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Gluon Polarization with RHIC Data

DSSV PRL 113, 012001(2014)

S * The low x behavior and shape of Ag(x) are still
30, [ ¥®% NEWFIT N poorly constrained:
<] 90% C.L. region |
v é — : . E%gscvlj‘ i : 1
5—8 - - gion : . AG = fo.os Ag(x)dx = 0.20+ 0.06
05 - 0.05
: : « AG = [ ., Ag(x)dx = 0.15 £ 0.50
ol - e STAR’s strategies to explore low-x regime:
I 1 1. Extend to dijet measurement;
- : 2. Reconstruct jet at higher n;
05 - Q*=10GeV* )
T T T 3. Increase the integrated luminosity of data;
02 01 -0 01, 02 03 4 Take data with high i
fdx Ag(x) . Take data with higher collision energy.
0.05

SPIN 2023 Ting Lin - Shandong University 19



Mid-Rapidity Dijet 4;;

STAR, Phys. Rev. D 95, 071103 (2017)

P . - I - -
104;& STAR 2009 Di-jet Cross Section E 0o 19:0 <M <230 Gevic* Sign(n) = Sign(n,) 0.08 M Didet A,

E B T —— DSSV 2014

n . - Data T 08 84 <py <117 GeVie L ——~- NNPDF Pol 1.1
— - gogec N o7 0.06 —— scale Uncertainty
N 7 © E [ [P CETTLEEEE - [X3 PDF Uncertainty
N§ 107 % NLO pQCD CT10 + UEH E 0.6: <:" 0.04— [ Rel. Lumi. Uncertainty

E z - © 05k e . - C
8 F L UEH Systematic Uncertainty = E Q -
S f ‘ & 04F : = 0.02-
& 10—3§_ m g'z? H i--. Fun ;

'gs: - - 01§— et 0 02:_ Sign(n)) = Sign(n,)
§10—4E_ a0 2ans! 'U(‘;‘— . e et : — .:..|.‘..|..‘.|...‘|....|....|..
E pp@ \Vs=200GeV S Eoeeee- Di-jet x Sign(n) # Sign 0.08— . .

s f :p-k R e SR p— Di-;et X, gntn) # Sign(n,) - STAR 2009 Sign(n) # Sign(n,)

o nti-k;, R= 0.6, In,n,|<0.8 ’ B 08- . Inclusive x (/20) .m.| < 0.8 0.06— p+p— Jet + Jet + X
10 E_J. Ldt =18.6 pb" +8.8% % 0.7k T2 O - {s = 200 GeV

E E . = L
. it E 065 /s = 200 GeV < 0.04 mn,| <0.8
0 ' ' S o055 ozt | < N

g 043 Z = 0at X 002

E 02B 7 0.3 b |

g ORI s S . - + 6.5% scale uncertainty

E 02 0.1 ¢ P -0.02— from polarization not shown

g F S piaa R . : Coov b v v b e

3 oab b 107 y 20 30 40 50 60 70
203050 5080 7080 90 100 XGiuon Di-jet Invariant Mass [GeV/c?]

Di-jet Invariant Mass [GeV/c?]

* Dijet measurements capture more information from the hard scattering and provide a more direct link to the initial
parton level kinematics than inclusive measurements;
* Mid-rapidity di-jet A;| presented for two topologies as a function of di-jet invariant mass corrected to parton level;

e Data compared to expectations from DSSV14 and NNPDFpol1.1 polarized PDFs, both contain 2009 inclusive jet results.

SPIN 2023 Ting Lin - Shandong University 20



Intermediate Rapidity Dijet A;;

STAR, Phys. Rev. D 98, 032011 (2018)

0.08

STA R Ba rre | E n d Ca p 05 :_ 16.0 < M < 19.0 GeV/c? STAR 2009 [ [0 pijetA STAR 2009
C p+p— Jet + Jet + X 0 OG_ ~~~~~~~ DSSV 2014 p+p— Jet + Jet + X
T o4 r VS = 200 GeV "L —— NNPDF Pol 1.1 s = 200 GeV
e -08<1,<0;08<mn, <18 [ -08<n,<0;08<1,<18
L 0.04—
03— L
F 0.02—
02— coo
0.1 C +
E -0.02—
E A [P I RPN R L
0.5— 0<n, <0808<mn, <18 I [ scale Uncertainty
C 0.06|— [ PDF Uncertainty
0.4— [~ [ Rel. Lumi. Uncertainty
E = = .
;_3 - _‘0.04— 0< n]<0.8,0.8< r|‘<1.8
B o3 <0
'f_é E % 0.02—
5 02— C
= r -
0.1 C
;:_r -0.02—
05— r
E 0.06—
04— L
C 0.04—
03— C
- 0.02]
0.21— [
F 0
0.1— L
E -0.02— + 6.5% scale uncertainty from polarization not shown
0 - s - o b b e b ey
1072 1 20 30 40 50 60 70

Parton Level Dijet Invariant Mass [GeV/c?]

* Adding the Endcap opens up several new dijet topologies;

* Forward jets probe lower values of gluon momentum fraction while selecting more asymmetric collisions.

SPIN 2023 Ting Lin - Shandong University 21



Impact of the Dijet Results:

DSSV: Phys. Rev. D 100, 114027 (2019)

0.2 7 N
2 2
xAg(x,Q%=10 GeV?)
0.15 [ |
TN i T
Sl Wl e e e S \\
0.1 _—— :
0.05 Fril
A STAR 2009 dijet impact
gy — sign(n,) = sign(ny) 3 [T
0.05 P A anEr  — sign(ny) # sign(n) -average === §
,,f‘ ----- east barrel-endcap MC-r;phcas
;,: - west barrel_endcap Comblned lmpaCt ::
,‘/ ------------ endcap-endcap and 1-c contours
_O 1 1 | 1 |
0.01 0.03 0.1 0.3 0.5 1
X

Gluon polarization in the region x > 0.1:
+ before: AG = [ Ag(x)dx =0.133£0.035

+ after: AG = [ Ag(x)dx = 0.126 £ 0.023

SPIN 2023

Ting Lin - Shandong University

In the region x > 0.01.:
+ before: AG = [ Ag(x)dx = 0.309 £ 0.109

+ after: AG = [ Ag(x)dx =0.296 +0.108

22



< 0.06

0.04

0.02

0.00

0.00

STAR, PRD 103 (2021) L091103

STAR, Vs =200 GeV
ptp — Jet + X
Anti-k . R = 0.6, |n| <1

0 STAR 2015, This work

A STAR 2009, PRL 115 (2015) 092002
- DSSV14

< NNPDFpol1.1

Lumi. Sys.
2015 2009

................................. S = = = = = = == = o

— +6.1% (2015) and + 6.5% (2009) scale uncertainty from polarization not shown

0.05 0.10 0.15 0.20 0.25 0.30 0.35
Parton Jet x; =2p_/\s

New A;; Results at 200 GeV

Year and STARL
Vs [pb~']

Vs = 200 GeV
2009 25
2015 52

Vs =510 GeV
2012 82
2013 300

e Consistent with 2009 data, which provided first evidence for positive AG for x > 0.05;

* Improved statistical and systematic uncertainties;

e  Will significantly reduce uncertainty on gluon polarization for x > 0.05 once included in

global fits.

SPIN 2023
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<010 sTAR, Vs = 200 Gev
| ptp > Jet+ Jet+X
| Antik, R=0.6
L sign(n ) = sign(n,)
0.05/—
N N 1L -.o.o. 2= 0L M e |

| +6.1% (2015) and + 6.5% (2009) scale uncertainty from polarization not shown
T RS R B R I
<010 sign(n ) # sign(n)

o STAR 2015, This work

A STAR 2009, PRD 95 (2017) 071103
- DSSV14

0.05/— = NNPDFpol1.1

0.00

1 1 L L 1 1 1 1 L L 1 1 1 1 1 1 L 1 1 1 I 1 1 L L l
0.05 0.10 0.15 0.20 0.25 0.30 0.35
Parton Dijet M,/ s
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Inclusive Jet A

A;; Results at 510 GeV

STAR, PRD 100, 052005 (2019)

4 1
X1~ (pr3e™ + prae)

STAR, PRD 105, 092011 (2022)
0.06
- STAR p+p— Jet+ X
0.05[— /s = 200 GeV:
~ e 2009, PRL 115 092002 (2015) |
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* Higher center-of-mass energy probes lower x partons;
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* Plotted vs x, overall consistency seen among STAR data sets;

* Well described by global fits that previously gave a good description of the 200 GeV results.
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Impact of the RHIC Results
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* New results from RHIC shows significant impact when constraining DSSV14 + RHIC (<2022):
the gluon helicity distribution; 1
« AG = [, - Ag(x)dx =0.22+0.03
* STAR dijet data disfavor distributions with large and negative gluon '

. AG = [0°° Ag(x)dx = 0.17 + 0.20

polarization. 0.001
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New Dijet A;; at Intermediate Pseudorapidity
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* Final longitudinal data acquired by STAR at 2012, 2013 and 2015;
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Preliminary results for 510 GeV and 200 GeV are well described by global fits.
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New Dijet A;;

Preliminary results for for 510 GeV and
200 GeV are in good agreement with
M /+/s dependence;

510 GeV are dominated by gg process
while 200 has more gg interactions;
Different dijet topologies provide
sensitivity to different kinematics:
different sub-process fractions and
sample x; and x, simultaneously in
different ranges;

Intermediate pseudorapidity results
push to lowest possible gluon x values

and high x quarks.
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at Intermediate Pseudorapidity
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Normalized Yield
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New Dijet A;; at Intermediate Pseudorapidity
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Jet A;; Results with Charged Pion Tagging
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Summary

* RHIC has concluded the longitudinal polarized data taking;

* For almost two decades, the longitudinal polarization measurements
contribute significantly to our understanding of the proton’s spin
structure;

* Found an asymmetry in the polarized anti-quark sea;

* Found evidence for positive gluon polarization in the region x > 0.05;

e Several new results will soon to be published, which will provide

constraints to both low-x gluons and high-x quarks.

SPIN 2023 Ting Lin - Shandong University 30



