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| Introduction

> QCDEAEF{LEE (Collins 2011)

— A h
Octe~shx = Oete 5jx X Dj

> D: BEEB(FF), MR FHETEBT RS,
JEMILHIIE = (Metz, Vossen, PPNP2016)
» Global analysis of exp data

» Quark model calculations
> Lattice QCD ?

" . Py, Sh )

) Sq D n » D*(k,sq; Pn, Sn)

f q, > Collinear D(z) vs TMD FFs D(z, p2)
X > Leading Twist vs Higher twist FFs

» Unpolarized vs spin-dependent FFs
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Spin-dependent TMD FFs of A

Leading Quark TMDFUFs Q—» Hadron Spin @ Quark Spin

> ABTFREZNE KRR (TMD) FEZLRE

S Quark Polarization

h

S D h Z p 2 ) Un-Polarized Longitudinally Polarized Transversely Polarized
q ' T h (u) (L) (T)

_— D= it =®-®

X Unpolarized Collins

Gl=@~—@-> Hip =(P- @)

Helicity

> R EIAR FREE DY (2, pd) P -0-Qlon-0-& ;d)%
/S . k Polarizing FF 17 = -

A
TMD handbook
% 2304.03302

DllT(Zi p%)
Sp-(kxpy)
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» Belle collaboration PRL 122 (2019

1. Inclusive process in thrust frame

ete” - A(M)X

2. Semi-inclusive process
ete” - A(A)hX,
> P, for Am™ and At~ are of oppos

ete™ > A(uds)n*(ud)X,

PAOCE eiDitq = Ditu~ —Dira 777
q

» Parametrizations with DlTu

A Transverse polarization at Belle and D1T] parametrizations

U.D'Alesio, F.Murgia, M.Zaccheddu (DMZ), PRD 102 (2020) 05400

D.Callos, Z.B.Kang, J.Terry (CKT), PRD 102 (2020) 096007
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e+e— _)A(udS)T[_(dﬁ)X ' 02<2p <0303 <zy<04|04<2y,<05]|05b<zy<0.9
10 4+ At
. + A7
X 5 ]
= I,{ ‘
S ‘;_
# Dif g & -\I 5 1&:
—10 ] ] ]
02040608 040608 040608 040608
. . . Zh
Isospin symmetry violation? CKT
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Isospin symmetry conserved D1T ¥ parametrizations

» However, all g’s carry same color charges, and
(1) m, ~ my ~ several MeV (2) Ais aisospin singlet with I = 0
Isospin symmetry should apply to D2, i.e, D23 = D}
» Based on an isospin symmetric formalism, we fit the Belle data well using CLPSW parametrizations.
K.B.Chen, Z.T.Liang, Y.L.Pan, YKS, S.Y.Wei, PLB 816 (2021) 136217
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» Comparison of parametrizations
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Analyzing the flavor structure of D1T q

A global analysis of data from various experiments with a precise theoretical formalism

> Dl -sensitive data from various processes

Sensitive to specific flavored D1T ¢ Of transverse polarization in ep/pp/pA/YA process
K.B.Chen, Z.T.Liang, YKS, S.Y.Wei, PRD 105 (2022) 034027
Y.Gao, K.B.Chen, YKS, S.Y.Wei, PLB 858 (2024) 139026
» A precise theoretical formalism with
» QCD evolution effects
Df‘T(Z, p%; u,{) : dependences on renormalization scale u and C-S parameter ¢
X,Y.Qin, YKS, S.Y.Wei, 2504.00739
» NLO corrections
» Higher twist FFs
important to incorporate data from lower energy experiment
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Transverse polarization of A in ep/eA collisions (DfT)

0.4 ' T T | ' T T1 | ' T T | ' TTT | ' T T LT T T T T 7 I()I T T
| —_—r =01 H
pfpduction plane ;““ c+p—ose+r At X =z =03 ]
0.3 *_\"?:‘ ...... x=0.5 ]
y Ly, merz =08
T > I R i
-~ V021 i
< 8 - i
= | ]
e (l2) Jeotoniz plre v ® 0.1 B |
:7) . \/%KS (ZA) Zq ec%xflq (x)Dqu(ZA) 0.0 5 i
( N(erA)>_ 2 2 A I T T T N T T T T T I O
zZyn  2geqxfiqg(x)Dig(24) 0.1 0.2 03 04 05 06 07 0.8

<A
K.B.Chen, Z.T.Liang, YKS, S.Y.Wei, PRD 105 (2022) 034027
See also
Z.B.Kang, K.Lee, D.Y.Shao, F.Zhao, JHEP 11 (2021) 005
Z.B.Kang, J.Terry, A.Vossen, Q.H.Xu, J.L.Zhang, PRD 105 (2022) 094033
U.D'Alesio, L.Gamberg, F.Murgia, M.Zaccheddu, PRD 108 (2023) 094004
Z. Ji, X.Y.Zhao, A.Q.Guo, Q.H.Xu, J.L.Zhang, Nucl.Sci.Tech. 34 (2023) 155
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Test of Isospin symmetry at the EIC with Py for SIDIS

ep/eD/ePb — eAX

same Py, (D1, = Di4), CLPSW
different Py, (D1, # Dig), CKT, DMZ

EPPS16: Eskola, Paakkinen, Paukkunen, Salgado, Eur.Phys.J.C 77 (2017) 163

Different u/d ratio—

0-4 T T T T | T T T T T T T T T T T T T T T T T T 1T U_"—j: _I T 1 1 | LI | LI TT T T T T T T T T T T T T T 1T 1771 I_ 0.4 _| LU LU TT T T T T T T T I T T T 17 1

n — P | - — ] i R
- e ED | B _ E = ED 1 : — hof === ED :
02 r=05 | ePb. EPPS16 ] 0.3 z=05 | . ePb, EPPS16| [| 03} r=05 ePb, EPPS16 |
= | 1 = 02l 1=t .
;\E-: ;\? - b 2y 02 2 . _2_
o 02 CLPSW, p2 = 100 GeV? | o CKT, p% = 100 GeV? 5 - DMZ, 12 = 100 GeV? |
= CT14 + DSV 1 = 01 CT14 + AKK0S | % e CT14 + AKK08
[y - . [} i i e 0.1F s, -
T D]. [ — T 0 [:I . | e - " :
: 1 : e s 0.0} Ty
- B s —0.1 N ‘h‘-‘-”‘ i i .‘*::'-‘*‘-:'.‘.'.:_:_-_.-..‘..'..-.r.r-'--"-"‘"_‘
NN T T T T N N O B ||||I||||I||||I||||I|.|”|..|.I||||I||||_ I T T T 0 A A A B A A A

01 02 03 04 05 06 07 08 01 02 03 04 05 06 07 08 01 02 03 04 05 06 07 08
=N ZA A
N J
Y
Isospin symmetric Isospin symmetry violating
parametrization parametrizations

K.B.Chen, Z.T.Liang, YKS, S.Y.Wei, PRD 105 (2022) 034027
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Transverse A production in hadronic collisions (D17)

» A wealth of data from hadronic collisions, e.g., pp, pp, pA, AA,yA(UPC), ...
» Direct extension with pp — AhX suffer from violation of QCD factorization theorem
J. Collins, J. W. Qiu, PRD 75 (2007) 114014
» “Hadron inside jets” proposed to study TMD JFFs in hadronic collisions
F.Yuan, PRL 100 (2008) 032003
Z. B. Kang, X. Liu, F. Ringer and H. Xing, JHEP 11 (2017), 068
Z. B. Kang, K. Lee and F. Zhao, PLB 809 (2020), 135756

(1) Reconstruct jets from pp collisions y
Ayp,dr>S)
(2) Measure the py distribution of hadrons with respect to jet axis. . . M»z

To explore the potential for flavor separation for D#,\q,

we perform a detailed phenomenological analysis on

various hadronic collisions
Y.Gao, K.B.Chen, YKS, S.Y.Wei, PLB 858 (2024) 139026 Figure from STAR
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pp collisions

Y.Gao, K.B.Chen, YKS, S.Y.Wei, PLB 858 (2024) 139026
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Central rapidity & small k; region, gluon dominate!

= a nice place to study the gluon polarized FF Dfﬁg

CT18 PDF, DSV FF DA, CLPSW D
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Ill. QCD evolution of Dfﬁq and its nuclear dependence as a probe of nuclear matter
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QCD evolution of D r(z,p;u )

2 S . N 1 'Mng
ele-pJ_/Z D(Z, bT), D(Z bT) = [Dl(z bT) — = 1 J.(l)( bT)

~ d?b
Dei) = | oo

» D1(z, by; u, ) follow RG and CS evolution equations
dlnDl(Z; bT;,Ll, () _ < (‘Ll) i) dlnDl(Z) le U, ()
dIny P dIn /T

> Taking { = u? = Q?, the solution to above evolution equations

— K(bT' ,U)

1
Dl (Z le Q) _Dl (Z .ub) EXp{ ert(ﬂb: Q) — SNP (le Z, QOJ Q)}

Where the perturbative and non-perturbative parts are given by

Qd,u

Q Q*
pert(.ub: Q) = —K(br, up) In— — gu'), >
b% g>. Q l br )

Svp(br,z, 0y, 0) = + —1In n—,
L.Gamberg, Z.B.Kang, D.Y.Shao, J.Terry, F.Zhao, PLB 818 (2021) 136371
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> Similarly for Di7 L.Gamberg, Z.B.Kang, D.Y.Shao, J Terry, F.Zhao, PLB 818 (2021) 136371

MZ
Di7(z,b,Q) = ( 2M>2 Di7(z, tp) exp{—Spert (Up, @) — Sxp(b, z,Qo, Q)}
MZYb? g, Q b

L . ( D/ PT 2 T

Syp(b,z,Qy,0) = YR -+ > anOln -

» Modifications from QGP e.g., L. Chen, G. Y. Qin, S. Y. Wei, B. W. Xiao and H. Z. Zhang, PLB 773 (2017) 672

¢d(z,br, Q) = DY*(z, by, Q)e~\APr/4

D" (2, by, Q) = Di7" (2, by, Q)e~‘aLb1/4

With g the jet transport coefficient.

» We study the QCD evolution effects and the nuclear effects on A transverse polarization.

X,Y.Qin, YKS, S.Y.Wei, 2504.00739
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Evolution/Nuclear effects on A transverse polarization
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» Significant QCD evolution effects

X,Y.Qin, YKS, S.Y.Wei, 2504.00739
» Pt a/ can serve as a probe of QGP matter

KEH (FFRRF) Flavor dependence of Lambda polarized FFs 19/ 20



Conclusions and outlook

Transverse polarization of A from Belle provoke the study of D1T 'q» With current focus on the flavor

structure/isospin symmetry
Transverse polarization of A at different processes such as eA/pp/pp/pA... are sensitive to D q of
different flavors of u,d, g, u, d,..

QCD evolution have evident effects on D at different energy scales. The QGP modify the gluon radiation

in vacuum, leaving visible impact on the transverse polarization of A. This effect provide a new probe of
nuclear matter.

More experimental data and theoretical progress on the way, promising a nice prospect for the precise

flavor structure of A polarized fragmentation function D" 4

Thanks for you attention!
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