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20th Century could be called “Century of Spin Surprises!”

“Experiments with spin
have killed more theories
in physics, than any other
single physical variable”

\ B “If theorists had their way,
'8 they would ban all
experiments involving spin”

Elliot Leader James D. Bjorken

(a few) Milestones in Spin

- Stern & Gerlach (1922) Space quantization

- Goudschmidt & Uhlenbeck (1925) Discovery of electron spin

- Stern (1933) Proton anomalous magnetic moment p, = 2.79

- Yale-SLAC Collaboration (1978) Electro-Weak interference in ol 68
polarized e-D: parity violation o \%&M

Raria ! ot kit casgowrtiic Griimme P, >

- European Muon Collaboration (1988) proton spin crisis Postcard from Gerlach to Bohr.




World efforts for high energy spin physics

Finished '
SLAC. EMC Jefferson Lab H p@160GeV S
’ ’ e-p@6,12GeV .
SMC, HERMES | " ‘ﬁ-},
r &
Current running Future
- DIS: COMPASS, JLab  DIS: EIC (US) EicC (China)

« Polarized proton-proton: JPARC (Japan)

 Polarized proton-proton _
GSI-FAIR (Germany) NICA (Russia)
3

scattering, RHIC



Proton Spin Structure

Well known:

Proton has structure

Its spinis 1/2

Nalve guess-based
quark model:

<S5, >= 1—1AZ
P~ 2 2



Spin crisis

~

P

Spin 1/2 quarks
EMC Picture: CERN-EP-80-134
Quark spin contributes
European Muon Collaboration (EMC) only ~20% of proton spin
Beam: 100-280 GeV muon, pol 80% 1 1
Target: Ammonia, pol 80% < Sp > = E =+ EAZ

EMC, PLB 206 (1988) 364-370

What make up the proton spin? 5



High-energy spin structure is much more
complicated than quark-model

(73
- ¥
B M ]
b ™
Q‘I
J
: s’

Jaffe-Manohar 1990

1 1
<Sp>=E=EAZ <S >——_—AZ+AG+L +L
quark spin quark spin  gluon spin  Orbital angular

momentum
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Limitation of Inclusive DIS

<S,>=-=- A+ AG+L

2

q TLg

AY = Au+ Aui+ Ad + Ad + As + AS

e
/ FS
TERAGE
NG

can not distinguish quark flavors

see gluons (directly)

access orbital angular momentum

accneraror B L J

S“\{\
\ B
=<



RHIC — Polarized Proton-Proton Collider

Absolute Polarimeter fH jet)\‘ RHIC pC Polarimeters
e BRAHMS & PP2PP (3)

€5 «— Siberian Snakes
SPHENIX for now Siberian Snakes = p
Spin Rotators Bl
(longitudinal polarization) X pin Ilipp
Spin Rotators

Solenoid Partial Siberian Snake

Pol. H Source > (longitudinal polarization)
A & LINAC  soosTeR
b & Helical Partial Siberian Snake
, ©
200 MeV Polarimeter = 4—AGS Internal Polarimeter

Rf Dipole AGS pC Polarimeters
Strong AGS Snake

Shutdown in 2025, next stage: Electron-ion Collider



STAR Detector Overview

EEMC
1.08< |n| <2.0

BBC
33<|n| <5

A LR KF-RE




Integrated polarized proton luminosity L [pb-]

RHIC spin data

Year s (GeV) L (pbl) <P> (%)

Polarized protons 62.4 - 48
900 2006 500 6.8 57
250/255 GeV ol
— (Lpeak limite: 200 25 38
800 [ ——= 100 GeV by STAR) 2009 5o 10 55
o0 1L Long o1 500 12 48
%‘L’;Zaf;:ﬁeg 2012 510 82 56
ol I by STAR) 2013 510 256 56
2013 P=53%
| | 2015 200 50 60
62.4 0.2 48
400 | 2006 5o 8.5 57
o0 | 2008 200 7.8 45
., s bessn 2011 500 25 55
2000 [t Cor—t-2000- B 3a% Trans - 5012 200 22 60
2012 P=59%
100 | 2011 P= 8% 2006 P=55% QLo 200 2 60
2= ===2009 B=3600" 2005 P=i47% 2017 510 356 55
ALY % - T ~ 2003 P =34%
2022 510 800 50

0 2 B 6 8 10 12 14 16 18 20
Time [weeks in physics] 2024 200 164 55

Sampled by STAR
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Probe gluon spin

Py

] Oy -
& gy Ty

Quark-gluon, gluon-gluon
elastic scattering

14
o

E S gg qg

ITI

o
-
TTT

pp—jet+X
NLO CTEQ6M
Anti-kT R=0.6
ml<1

Subprocess Fraction
b

(=]
w
TTTTT

Solid: V=200 GeV
Dotted: Ys=500 GeV

n_||||J||\||||\|||L|||||||l||11||||||11|\|1|||||||1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

Jetx, (=2p/ Vs)

In proton-proton collision

Double-spin asymmetry:

probed inputs
T T ' '
o —0 Afy f 2
A, = X — Dl

Abundant yields of jets at RHIC

Sub-processes directly sensitive to gluon

Xq.q pl*® s « N

Constrain gluon helicity-dependent PDFs

11
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Yes, gluon spin does contribute!

PRL115 (2015) 092002

=
= 0.03F

< 0.03

STAR 2009
p+p — Jet+X
(s=200 GeV

0.01

-0.01

+6.5% scale uncertainty
from polarization not shown

70 15 20 25
Parton Jet P, (GeVl/c)

35

0.05

PRL113 (2014) 012001 Nucl. Phys. B887 (2014) 276

[
= : ] F X 2 3
% [ s NewrT 1 08l xAg(x,Q%=10 GeV?)
< 90% C.L. region
% [ 7m Dssvx
a 90% C.L. region
—8 L
S [ a DSSV
0.5+ -
o s —
I : 1 -0.8/ [ |NNPDFpol1.1
05F 2= 2 i [ [Jossvos ag=t
+ Q" =10GeV R — positivity bound
P I PN EPRPRPIP BT EPRPRP |
02 -0.1 0 01, 02 03 g5 107 p >
J dx Ag(x) T 2.5
0.05

 First evidence of non-zero
contributions from gluon spin at
Q2~10 GeV?

* Drive the constraints on AG
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Inclusive-jet/di-jet/hadrons/direct-photon A, Results

STAR, PRD 105, 092011 (2022) STAR, PRD 103 (2021) L091103 STAR di-jet preliminary results

010 STAR, Vs = 200 GeV o bRy o EowA, Wik 05 STAR Py
0.06 STAR otox [ oo det - ot X e Sl enon b e B
= +p— Jet + | Anti-k, R=06 IESRANMINNY oos. DB, <009 < <18
r p+p L s[gn(n);) = sign(n,) :Z ’ o +
0.05— s = 200 GeV: oos |- L e | “b_L‘L,L_,__L‘ = N ok
r = 2009, PRL 115 092002 (2015) < [ S I T | S ‘
4 0.04 = 2015, PRD 103091103 (2021) i Z 02
< F (s =510 GeV: 0.00 {— 005t [EE] Seel Uncersinty
B goaf. * 2012 PRD 100052005 (2019) I o B—
= 0.03f ; E 51, St emia
@ r * 2013, this work ) ) ) ) ) ) oo :
= - - DSSVi4 010 sign(e) # sgn(n,) Bor b L e i
8 0.02— 22 NNPDFpol1.1 - STAR 2015, This work == 5 bt L
a - » STAR 2009, PRD 95 (2017) 071103 0.t ‘ 0.0 +
c - - DSSV14 o + 6.6% seale uncertainty from polarzation not shown
= 001 005 = NNPDFpolt.1 b i S A
F 3 0.05.
I < 0.04.
F 003
[l nntiniithd + S R R ooz
F 0.00 {— B oot
C a1 . o |
-0.0% 0.05 01 015 02 025 03 e RS , ol .‘.\WWLW ..WL.W i
Parton Jele(=2rJTJ' Vs) 005 010 ‘”;amm g;g wa?—:s 050 03 et s oy, 8 DR TN JOVON. OO DO,

PHENIX, PRD 102, 032001 (2020) PHENIX, PRL130, 251901 (2023) PHENIX preliminary

- C T T T T T T T T T T T T T T T T T T T ™ 0
= D+ D iso o 4 O
F B +p — +X, Vs =510 GeV, Inl < 0.25 e
L uF PP X Ini<0.35 (s=510 GeV PHENIX ] 0 J prerrh o i
F T ] T “F PH ENIX
003:_ e T E 3 0.061- preliminary
03F o (Phys. Rev. D 93, 011501) m L r
[ —— DSSV'14for n* (Phys. Rev. Lett. 3 0.02 I 004 | Y .
002 e DSSV'i4form 113, 4 - R I T R —
r ---- DSSV14forn® 012001) 3 o -+ oo 1 T
C [ Rel. lum. uncertainty ] = f ;_4_ _——— oF "“ g +
I L TN LA
U_ s | T R L -0.02,- L NLO + InR, DSSV14, Kang & Ringer
n T ] « PHENIX Data —0.04— PHENIX 2013 pp s =510 GeV
0 012_ _: -0.02 F i<0.15, antik R=0.3
' [ Data points for n* slightly shifted horizontally for legibility ] | = DSSV14 with DSSV"‘C uncertainty _0‘06:_ STAR 2012 (510 GeV, Ii<0.5, R=0.6)
_0.02[~ 6.5% pol. scale uncertainty not shown = I -0.08]- 6.5% pol. scale uncertainty not shown
e _0-04\ T T 70.b:.“.1....1....1....1....1....[....1.,.‘|m.
i 10 20 30 40 50 60 70 80
P, [GeV/c] 5 20 b,

10 15
P, (GeV/c)

Longitudinal data taking concluded at RHIC, PHENIX and STAR released the full statistics

resuits.
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Impact on gluon polarization AG

PRL113 (2014) 012001
_I I LI I LI | LI I LI I 1T 17T
x|
5 o[ 88 NEWRT
<] 90% C.L. region:
% _ [ ™ Dssvx
'é,j._‘ 90% C.L. region;

dx Ag

.05

[

-0.2 -0.1 -0
[ dx Ag(x)
0.05

DSSV14:

. AG = [ Ag(x)dx = 0.20*

0.05

« AG = 001

Ag(x)dx = 0.157F

01 , 02

0.06
0.07

0.65
0.45

The RHIC Cold QCD Program,
White Paper, arXiv:2302.00605

i T I LI L I LI LI ! LI I LI I LI
[« DSSV08
e DSSV14 ‘

1 HEIDSSV 14+RHICS§022)
(90% C.L. limit contours) :

- DSSV Preliminary |

051

01

05k

[,.dx Ag
DSSV14 + RHIC (£2022):

1
e AG = [ ,Ag(x)dx = 0.227007

0.05

« AG = 001

Ag(x)dx = 0.1719:33

02 01 0 01 02 03
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Probing sea quarks via W boson production

Unigque way to study proton P y
spin-flavor structure: [
- W boson selects quarks/antiquarks
with specific helicity.
_)
- W bosons are measured via P o
leptonic decay.
: : : + —
Parity violating O —O
single-spin asymmetry: AL —



Impact of W results

A - % C
Li p+p->W+X e +X 008 Sea Asymmetry
§ s =510 GeV 25 <E7 <50 GeV - . —
0.5 - X(AU - Ad)
I 0.06
I 0.04F
0_ Rel lumi
- \ syst
: *4# w o
-0.51- i o STAR2011-2013 & .
S BS15 CHE NLO : - _
DSSV14 CHE NLO -0.02— @ =10 (GeVic)
- DSSV14 RHICBOS : - -==-= NNPDFpol1.1
s NNPDFpol1.1 CHE NLO L
- w#55%% NNPDFpol1.1rw CHE NLO _0.04 T NNPDFpol1.1rw
1k 3 3 / beam pol scale uncertainty not shown . B
- TR SR SN NN SHN SN N WA ST SR T W S S T S S L R T S W S SRR | " TR SR R W W S
-1 0 LI 16+ 10 1
. X

STAR,PRL113, 072301 (2014)
STAR, PRD99, 051102 (2019)

- Now we know: Az > 0 and Ad < 0
- The flavor asymmetry Ati — Ad similar size but opposite sign to the

unpolarized flavor asymmetry u — d
16



Another spin puzzle

Transverse single spin asymmetry: 80 = orC36, 929 (1976)
40 )
LEFT 100GeV Py 7[+ ...
o —~ 27 -
AN _ ol—o? O E O %
— T x . 1 z Of------------ O --1
ol+ot .. é » < %
- \ -20
Proton RIGHT [
-40 L
Significant asymmetries seen at low 60 bttt
_ 02 04 06 08 1
energies results from ZGS and AGS Xg
S— Ii*'
0.4 -
| SEERIN
Transverse spin effect expected to be small 0.2 o & i
! L ¥
at high energies... F o ,,i: :
--- but FNAL came with a big surprise: ozl " 8 N
’ nt=0 ’
Large transverse asymmetries E704 . [ o $ } ‘
—0.4F ™ =0 -
P B | 1

0O 020406 0.8
Xp

17



Remains mystery after 40+ years

RHIC Cold QCD plan, arXiv: 1602.03922

04

01

0.3

02

0.2

0.15

%

11

n + z [
ZGS, {5 = 4.9 GeV i T I < [ .
AGS, s =6.6 GeV 0 - -
[ W ET04, f5 = 22 GeV i i
| & BRAHMS, ¥ =624 GeV . .L i i
® BRAHMS, ¥s =200 GeV
N -0.1 ¢ 5
{? l} % -oz2| &
i} 03 zas, fs-49Gev
. 9 ﬁ L AGS, V5 =6.6 GeV
of® @ B E704, 5 =22 GeV
j _pal ® BRAHMS, Vs =62.4 GeV
L & BRAHMS, ¥ = 200 GeV
1 | 1 11 | 1 1 | 1 1 | 1 C | 11 1 | 1 1 1 | 1 1 1
0.2 0.4 0.6 0.8 0 0.2 0.4 0.5 0.8
Xg Xg

TI3' < [,

0.05

ETMM, 15 =22 GeV

@ PHENIX, V= =624 GeV

[+ STAR, yE = 200 GeV

4 STAR, V& = 200 GeV, <p>=1.5
[ © PHENIX, ys = 200 GeV, <n>=0_
L STAR, Vs = 500 GeV }

|

E

« Nearly independent of Vs over a very wide range (Vs: 4.9 GeV to 500 GeV).

« TMDs and colinear Twist-3 frameworks developed to explain Ay origin

Qiu-Sterman functions, Sivers effect, Collins effect, etc.

18



Transverse single-spin asymmetries at RHIC

Sivers effect Collins effect

Sp

transversity

Sivers: Correlations between initial-state parton transverse momentum with
proton’s spin and momentum; process dependent.

Collins: Correlations between the polarization of a scattered quark and the
momentum of a hadron fragment transverse to the scattered quark direction.

Transversity: transverse polarization of partons inside transversely polarized

proton.
19



%, EM-jet, Di-jet Ay — Sivers

STAR, PRD 103 (2021) 9, 092009 arXiv: 2305.10359

0.25 - r
A, - STAR p+p=>n'+X ¢ Isolated n° 200 GeV o0t STAR p' s p-> EMjet+X + 200 GV F STAR 2012+2015 p-p 200 GeV +ul-quark
C 04— C . —~+gluon+sea
M 02=p,>2Gevic 4 Isolated x° 500 GV Ay © Jetalgorithm: antik R=07 ¢ 200 GeV Multplicity>2 190 | 42 & ¢ beam combined p
T ¢ Non-isolated n° 200 GeV N T 9 T + 500 GeV F . = d-quark
F27<n<40 4 Non-isolated ©° 500 GeV 0.03— P}'>2GeVic 4 500 GeV Multiplicity>2 E dijetp > 6 GeVic & 4 GeV/e — stat.uncert.
0.15:3.0/3.4% beam pol. scale uncertainty not shown Co20< <38 + ADY 500 G e\? ¥ 100— [Jsyst.uncert,
= [1Theory 200 GeV . 0.02— 3.0/3.4% beam pol. scale uncertainty not shown ¢ C .
0.1 = Theory 500 GeV e r B > s | Dijet
C L) E
0.05— f i . - . E. E H #
4 ; 'y %. i o . ) | l ~ ok 1 I r
£ ) - ’ r - T
0k r \ = C J
' LA 1 : 1 | C e i
5 R T o Theory 200 GeV -50— M
% 4 A . 3 F A |:| Theory 500 GeV E . (average)
S, NEE . S 4 L 4 o -100— |||
~ 3 . 8 . . * LAad 4 P . L C
Iy . ¢ * L 2 At . - || 3.2% beam polarization uncertaingy not shown
~ L0 E ‘ . ‘ V—J?;-IZ—‘1642|54‘1
0.2 03 04 0.5 0.6 01 02 0.3 04 0.5 0.6 ntetal
Xg XF

« A, measured with forward EM-jets, dijet and 7° in 200/500 GeV pp collisions

* High multiplicity EM-jets (n,, > 2) and non-isolated % (W/ nearby y) tend to
generate smaller Ay

» First observation of non-zero Sivers asymmetries in dijet production in
polarized p+p collisions

* No significant collision energy dependence observed

20



Hadron in Jet A — Transversity + Collins

STAR, PRD 103 (2021) , 092009 STAR, PRD 106 (2022), 072010

0.02 = 0.04 ;7 STAR ;x 0. IE STAR
[ STAR p +p->EM-jet+ n°+X 0.03F P +p —jet+ '+ X + < 0‘035_ pl+p —jet+K* +X
Ay Jtadortiis Rt Re0:T $ 200GeV 002 /5=200Gev N 5 2 0-06E {5 =200 Gev
0,015 [ et algorithm: anti-k R=0. oot %> o+ + "L 0.04F 4 50 +
- E oF#§-#*-§--34--1---
00129 < N <3827 <1, <40 7 ~0.01F ., }— ~0.02F # +L
[ 3.0/3.4% beam pol. scale uncertainty not shown / -0.02F 4R.>0.05 + 4+ -0.04f . 0
B / ~ 003F 0.1<2<08 , =+ mDMP:+2013: = + -0.06F- 0.1<z<0.8 * K
0.005— o -004F e = n EOMPe2013:w ) -0.08F L <l ., =K
- _‘%’ 5 E_ P I A TP TP S I TP T P |
C < 004F antik, R=0.6 0.08E 1 ]
E 0.03F , _g - E pl+p —jet+pB+X
0— ook F° 0.06F
C 0'01 E 0.04F
B E 0.02f -
-0.005— ofe-*-3-3 5T ;i 11' - o4 .-l—+-§--¥-- S R
= [[Theory 200 GeV I 3 Theory (Evo.) 200 GeV -oore -0.02¢
B = -0.02 -0.04f ® p
-0.01— [NTheory 500 Gev  {._] Theory (Evo.) 500 GeV _o03F ~0.06) = B
03 L1 1014 Lo 1015 PR 1016 L 1017 L1 1018 L1 |0 % _0.04 E, 3.2% Sc‘ale Uncert?inly Not Srlnwn ) ) —OAOSE 3% Scale Uncertainty Not Shown
Z, 5 10 5 20 25 30 “OTE8T10 12 14 16 18 20 22 24 26
m Particle jet p,r [GeV/c] Particle jet P, [GeV/c]

Transversity is probed most directly in the jet pr dependence

Collins TMD FF is sensitive to the (jr,z) dependence

Significant Collins asymmetries have been observed in 200 GeV measurement

Discrepancy with theoretical predictions

21



RHIC spin Is just concluded

Complementary to DIS, RHIC is unique machine for studying proton

spin structure, 1D and 3D

- Featured measurements of gluon and sea quark helicity dependent
PDFs (mostly) concluded successfully: AG > 0 and A > Ad

- Transverse program in progress: existing data being

published/analyzed and more data from last spin run in 2024

Next generation: polarized Electron-ion Collider



Questions expecting EIC to answer

’}"1-"" Does gluon saturate at high energy?
How does a dense nuclear environment

gluon - gluon >MAM é@ affect the quarks and gluons, their
emission recomblnatlon ) .. :
correlations, and their interactions?

=,

([ V)

- Quark Quark
How do the nucleon properties (mass & spin) E
emerge from their interactions? ey 200 - .
0‘? Quarks An;zn;aly Ex:jrgy

| —

How are the sea quarks and gluons, and
their spins, distributed in space and
momentum inside the nucleon?

23



Nex generation: Electron-ion Collider

UNITED
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g Y i’ »
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o
| e %)
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US-EIC Status

Approved in Dec 2019 (CDO0)

« US EIC is based on the RHIC complex: proton/ion ring, injectors, ion
sources, infrastructure

« Add a 51018 GeV electron storage ring and its injector complex to the
RHIC facility

FYI9  FY20 FY2l FY22  FY23 FY26 FY27 FY28 FY29 FY30 FY3l FY32 FY33 FY34

FY24 FY25
*cn-m D4

Critical ! i Approve start Approve pfoj.

Decisions CD-0(8) CD-I(A) CD-3A CD-23 ofoperations  completion
Dec 2019 Jun 2021 Jan 2024 Apr 2025 Apr 2032 Apr 2034

Accelerator Early CD-4A Early CD-4
Iy
Research & Systems Completion Completion
BT Apra031 Apr 2032
Detector

Infrastructure

Injector
Linac

Polarized
Electron
Source

Injection
Line

41GeV
Arc

Electron
Storage
Ring

EIC

Electron
Possible Gun
Detector
Location

Accg[emwr Hadron Electrons, lons
ystems 1 Storage  Possible
Ring Deterton / Electrons
Detector | — Location
! ! Electron
Injector (RCS)
Infrastfucture ‘ C ional Construction 17 7)

Construction 1 l - .

X Accylerator Procurement, Fabrication, Installation § Test 14 7] Full RF Power Buildout
& Installation ystems V77 )

T

Detector ’—‘ Procurement, Fabrication, i Test L 7 I 77)
T T T f

1 1 »
Commissioning. '& Pre-Ols‘ Z AI/F}!;F P}y(/& ﬁg/ujl

o I — !

Detector ’—I C"&mpf;‘élsé!‘:l;slng V A
- 2 .
o povel 0 — Critical '/ Schedule

(A) Actual - Completed I Planned Date Milestones Path ” Contingency

C. Montag, SPIN2023

Accelerator
Systems

Commissioning
& Pre-Ops

Key

25



EicC Status [P B

EicC CC p-Ring j N\ * Based on HIAF

HIAF + HIAF-U

e-injector

Electron Ion Collider in China -

[Figure by EicC Accelerator WG]

ADS-Linac

High Intensity heavy-ion Accelerator Facility in Huizhou, Guangdong province
- a national facility on nuclear physics, atomic physics, heavy-ion

applications ...

- beam commissioning is planned in 2025

EicC is based on HIAF

- electron: 3.5 GeV, polarization ~ 80%

- ion: D, d! 3He++’ 7|_i3+’ 12C6+, 4OC8.20+, 197AU79+, 208pb82+’ 238U92+
polarized

26



Complementarity of US-EIC and EicC

Common physics goal:
- nucleon 1D, 3D spin structure

-—
o

w

T T T
m
@]
-—
o
X
=
o
o
0]
@
<=
N

N
o
)

LI IIIIHI

JLab 12 GeV - Nucleon mass origin

- Nuclear environment effect

-
o

T IIIIIHI

Momentum Transfer Q* (GeV?)

1= /
= 71 R | i il

10+ 107 107 T \1 Complementary QCD phase space:

Fraction of MoJ;nentum X

- US-EIC: small-x gluon dominated region;

saturation behavior; etc.

valence dominates

gluon + sea quarks

yluon dominates

- EicC: moderate x sea quark region; exotic

hadron states, especially those with heavy

flavor quark contents; etc

R.G. Milner and R. Ent, Visualizing the proton 2022



Summary

A lot of discoveries from spin experiments in the past 100
years

Spin in high energy physics: from spin crisis to spin puzzle, a

lot achievements but still many open guestions.

Next generation experiments for proton spin structure —

polarized electron-proton collider: EIC, EicC, ...

More interesting experiments not covered: polarization effects
at final state, Lambda spontaneous polarization, global

polarization in HIC, ...

i !



	Slide 1: 核子自旋结构的实验研究
	Slide 2
	Slide 3: World efforts for high energy spin physics
	Slide 4: Proton Spin Structure 
	Slide 5: Spin crisis 
	Slide 6: High-energy spin structure is much more complicated than quark-model
	Slide 7: Limitation of Inclusive DIS
	Slide 8: RHIC – Polarized Proton-Proton Collider 
	Slide 9: STAR Detector Overview 
	Slide 10: RHIC spin data 
	Slide 11: Probe gluon spin in proton-proton collision
	Slide 12: Yes, gluon spin does contribute! 
	Slide 13: Inclusive-jet/di-jet/hadrons/direct-photon ALL Results
	Slide 14: Impact on gluon polarization G 
	Slide 15: Probing sea quarks via W boson production
	Slide 16: Impact of W results 
	Slide 17: Another spin puzzle
	Slide 18: Remains mystery after 40+ years
	Slide 19: Transverse single-spin asymmetries at RHIC
	Slide 20: 0, EM-jet, Di-jet AN – Sivers  
	Slide 21
	Slide 22: RHIC spin is just concluded  
	Slide 23: Questions expecting EIC to answer
	Slide 24: Nex generation: Electron-ion Collider 
	Slide 25: US-EIC Status 
	Slide 26: EicC Status 
	Slide 27: Complementarity of US-EIC and EicC
	Slide 28: Summary

