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Introduction: Global A polarization in HIC has been observed

Nature 548, 62-65 (2017) | ETTER
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Introduction: Global vector meson spin alignment in HIC

STAR, M.S. Abdallah et al., Nature 614, 244 (2023).
* ¢ (yl<1.0and 1.2 <p; < 5.4 GeV c) STAR

© K™ (y]<1.0and 1.0 <p; <5.0GeV c™)

0.40 — w
— GY=464+073m?

0.35

Poo

0.30

B © ¥ STAR (Au+Au and 20-60% centrality)
025 5 ALICE (Pb+Pb and 10-50% centrality)

| ! Lol 1 Lol
101 102 102

(S (GeV)

e Why the vector meson spin alignment so interesting?
e What can we learn?
e How about it in other high energy reactions?
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Prediction of globally polarized QGP "

ZTL & Xin-Nian Wang, PRL 94, 102301(2005); PLB 629, 20 (2005)
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® Global hyperon polarization
Py =Pp=P,=Py

® Global vector spin alignment
1-P;

3+ P}
Poo — 1/3~Pc21

vV _
Poo =

Global: the direction is fixed; the magnitude is approximately the same.
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Great efforts of our experimental colleagues

STAR, L. Adamczyk et al., STAR, J. Adam et al., STAR, M.S. Abdallah et al.,
Nature 548, 62 (2017). PRL 126, 162301 (2021) Nature 614, 244 (2023).
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L e How can we understand it?
HADES, R. Yassine et al., PLB 835, 137506 (2022)
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Global hyperon polarization "

ZTL & Xin-Nian Wang, PRL 94, 102301 (2005). |
o _ dominates at small
Quark combination scenario g} +q}+4q} > H and intermediate py

1(1+Pq 0 )

ﬁqmz% = ﬁCI1®ﬁCI2®ﬁCI3 ﬁq = E 0 1 — Pq

pH(m’ m’) = <.iH’ m, |ﬁqquCI3 |.iH’ m)

= Z Pq.q,q; (M, M) {(jg, M'|my, my, m3)(my, my, mg|jy, m)

mi'm'i \ /

Clebsch-Gordon coefficients

after normalization

Zmi,m’i Pqiq2q3 (mi; m,i)(iH' m’ |m,1r m,2' m€3)<m17 mz,ms3 |jH: m)

Zm,mi,m'i pqquQ3 (mi' m’i)(iH! m |m,1' m,2' m,3)<m1r m;,m3 |jHl m)

pu(mm’) =
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Global hyperon polarization "

ZTL & Xin-Nian Wang, PRL 94, 102301 (2005). .
dominates at small
Quark combination scenario g} +q+q}—>H and intermediate p

Pu=on(:2) - ou (-1

_ c;’s are constants
PH = C1Pq1 + C2Pq2 + C3Pq3

determined by C.G. coefficients.

hyperon A X %! X =0 Cn
R 4P,-P; 2(Py+Pg)-Psg 4P 4-Pg 4Ps-P, 4Py-Py
combination P —— 3 —5— 3 —

In the case that P,, = P; = Py, = Py = P = Px,
Py = Py = P, forallH'sand H's  (global polarization)
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Global vector meson spin alignment "

ZTL & Xin-Nian Wang, PLB 629, 20 (2005).
Quark combination scenario q+gq, -V

= S = 1/,1+P 0 1/1+P; 0
Pai» = Pa,BPg ~ _ =+ q ~ _ = q
9192 q1 qz pq—2< 0 1_Pq) Pq—z( 0 1_pq)
Sy, Pagg, (M My, m' [m, mp)mg, my|jy, m)
py(mm’) =

Zm,mi,m’i pq1ﬁ2 (mi' m’i)(in m |m’11 m’2>(m1' mj; |th m)

1% 1% 1%
2 P11 P10 Pi1-1
1_P¢I1Pﬁ2_1_P¢I /ﬁV:( >

v v v
= Po1 Poo Po-1

3+P, P P2
afq 3+P; P i1 Pl PYia

Vv _
Poo =

In both calculations, we considered only the spin degree of freedom and took
P, as a constant, no fluctuation, no correlation etc.

What does it change if we take other degrees of freedom into account?
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Take other degrees of freedom into account

We make a minimal step forward and consider other degree of freedom denoted by

The basis state for a quark: |m, a)

The element of the spin density matrix: Pqm,m/,(@q, &q) = (Mg, ag|pqlmy ag)

: : T, =1
We consider the simple case: For g1 +q; >V
. ) N
o pqmq’m&(aq, a;) = pqmq,m&(aq)(saq,a& diagonal w.r.t.
® pg.q, = Pq,BP7g, wave function of V with a;,

® factorized: (a,,, my,; ag,, mg, |jv, my, ay) = (aq,, ag,|ay) (my,, mg, |jy, my)
\ J

2 l . .
Pl (@) = Pl (@@ = ) (g, ag,|ar)] oy (aq, @) average inside V

QAqq.9q;

40} . . ’ ’ / q q i
Pimm’ (a‘h’ aﬁz) - Z (le |mCI1mﬁ2> pmqlm,’“ (a‘Il)pqu,m'qz (aq2)<mq1' Mg, |]Vm>

my, Mg, Mgy Mg,
similar to what we had when a-dependence were not considered.

We can also further average over ay and obtain the ay-averaged spin alignment.
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Take other degrees of freedom into account

In this way, we obtain

- ) 2
<Pq1Paz>V = Z [(@q, ag,|av)|” Pq, (aq,)Pg, (ag,)
3+ <P‘I1Pa2>v ag,.9g,

average inside V

Pgo (ay) =

We further average over ay and obtain the ay-averaged spin alignment.

1- <P Pq > <Pq1Pq2> = va(ay) <Pq1Pﬁz>V

91" 92

(Poo) =

3+ <Pq 1qu>

In general, ay denotes a set of variables (aqy, ayy, ... ajy).
We can integrate over only part of them and study the dependence on the others, i.e.,

V _ Ak+1V,---Ajy
(Poo)(a1y, A2y, ..., Opy) =
AR+1V,- AV
p qu = f(aIVt azy, -, a]V) Pq Pﬁz / f(alv, ary, .., a]V)
q1 1
Ak+1Vs- Gy ~ o |4 o 4
k+1V,--»Q&jy k+1V)---Qjy
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Take other degrees of freedom into account

The average is two folded:

4 I

<P611Pﬁz> = <<PCI1P€I_2>V>S

average inside the vector}eévﬁv

average over the whole system or a sub-system S

\( J

2
<Pq1qu>V = Z (g, ag,|av)|” Pq, (@q,)Pq, (ag,)

Xq1%q,

Yy, Fs(@y, Ay, ..., Ajy) <Pq1Pﬁz>V

P P—> =
< e vy Yy, Fs(@y, Xy, .., ajy)
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Forq}+ﬁ£—>v 14 _1—(Pq1qu)

Forqi +q5+q3 > H

Py = <<Clpq1 t Py, + C3P‘13> - <c1(Pq1)H + CZ(P‘”)H T cg(Pq3>H>

S

H S

= c1{(Pay)y) + €2 {(Pas)y) + €5 ((Pas)y) = €1(Pa,) + €a(Pyy) + es(Pay)

The STAR data show that: (P, Pz) # (P, )(P5)

One has to take fluctuations into account, so that: (PqPq) = (Pq)(Pq) ‘

By studying Py, we study the average of quark polarization P ;
by studying p},, we study the correlation between P, and P; .
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Local correlation or long range correlation

Q)
~—— O°
<
[7)
2
-5
%
Sy

[ One has to take fluctuations into account, i.e.,: (P,Pg) # (P, )(P

s N

(PoPq) = ((PaPq), )
average inside the vecto/{vn@)n | %4

average over the whole system or a sub-system S

& J

(1) local correlation: (PqPq)V + (Pq)V(Pq)V

(2) long range correlation: (PqPg) = (P4) (Pg),

((Pa),(Pa),)_# ((Pa),)_((Pa),).

Vector meson spin alignment contains both contributions.
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Vector meson spin alignment — model

[ strong indication of phi-meson filed ———> strong local correlation ]
. QGP and hadronic phase )
initial state hydrodynamic expansion s % and f,reﬂze out.
uw . g* - ST T the only
e any & . e ,. explanation yet
pre-equilibrium hadronization Kadiis
s
. . L . . Qun Wang,
Strong interaction exhibits itself differently in different stages plenary talk
9o
P (x,p) = ghvpo (w )
s(P) 4m P7 " (u-p)Ty Foo ) Pv very strong
9¢ é local correlation!
PE(x,p) ~ ghvpo (w ———* _F )
s( p) 4ms po (u . p)T po p

[1] Yang-guang Yang, Ren-hong Fang, Qun Wang, and Xin-Nian Wang, PRC 97, 034917 (2018).
[2] Xin-Li Sheng, Lucia Oliva, and Qun Wang, PRD 101, 096005 (2020).

[3] Xin-Li Sheng, Qun Wang and Xin-Nian Wang, PRD 102, 056013 (2020).

[4] Xin-Li Sheng, Lucia Oliva, ZTL, Qun Wang and Xin-Nian Wang, PRL131, 042304 (2023).

[5] Xin-Li Sheng, Lucia Oliva, ZTL, Qun Wang and Xin-Nian Wang, 2206.05868 [hep-ph].
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Local correlation or long range correlation "

Can we separate local or long rang correlation experimentally?

Study A — A or A — A spin correlations
Hey Pl ! ZTL & X.N. Wang

) WM )
Czlg\v — Npya+ Naz—Npz —Naz
=y 1, N1 )
Npz + Nag tNaz + Naz

Even, in general, H; — FI]- or H; — H; spin correlations
M W ™ At

NN ™ W T T
Nuga, ¥ Nag, tNya, + Nug,

C

sensitive to the long range correlation
because H; and H j come from different phase space points

Durham2023 202359 H 24-29H 16



Off-diagonal elements of p" ? "

® ZTL & Xin-Nian Wang, PRL 94, 102301 (2005); PLB 629, 20 (2005).

R 1/1+(Pg) 0
considered the average  (Pg) =5| 1—(P,)
q

i.e., (qu) = (Pq>, (qu) - (qu> = 0, also (quy Pﬁzy) = (Pq1><Pﬁ2>
® The STAR data show that: (P, Pg) = (P, )(Pg)  (PqPg) » (Pq)(Pg)

indicates that the fluctuation AP?D, = (Pcz,y) — (qu>2 ~ (P?,y) >> (qu)z

2

i.e., compared to APy,

we can even take (P ) ~ (P,,) = (Pgx) = 0
Similar fluctuations (PZ,) and (PZ,) for (P,,) and (P,) ?

o take also the off-diagonal components into account

1 ( 1+Py, Pg— qux> R 1 < 1+Pg, Pg,— qux>

Pa=3\P, +iP, 1-P, Pa=3\P;, +iPy, 1-Pg
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Off-diagonal elements of p" ?

1+P,-Pg—2P

3+Pq‘Pq

In this case, we obtain ayPay

Vv _
Poo =

also the off-diagonal elements of p¥

s Po(1+Pg) + (1+ Py)Pg, — iPgy(1+ Pgy) — i(1 + PPy,

P10 = = =
V2(3 + P, - Py)
. P,,(1—Pg) + (1 — Py,)Pg, — iPy(1— Pg,) — i(1 — Pg)Pyg,
i V2(3 + P, - Py)
. P ,Pg, — PguPgx + i(PyyPgy + Py Pgy)

3+Pq'Pﬁ

They should be sensitive to the local correlations.
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Off-diagonal elements of p¥'?

Take the average

_ 1+ (quPﬁz> + (qupﬁx> — (qupﬁy>

(P00) = 3P, Py ¥ (PuxPor) T (Py Pr)

qz" qz qx” qx qy” qy

(pY) = <qupﬁy) T (quPﬁZ> — UPgxPgy) — UPgyPgy)
w0 V23 + (P, - Po))

<pv ) = _<qupﬁy) B <quPﬁz) + i(quPﬁy) + i(quPﬁx>
. V2(3 + (P, Po))

(PV ) . (quPﬁz> _ (qupﬁx) + i(<quPﬁy> + (qupﬁx))
1-1/ =

3 + (P, - Pg)

They should be sensitive to the local correlations.
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Vector meson spin alignment in fragmentation processes

Hadron polarization in ete™ - Z° - ¢+ q - H (or V) + X at LEP

ALEPH PLB 374, 319 (1996); OPAL PLB412, 210 (1997);
OPAL EPJC 2, 49 (1998) DELPHI PLB 406, 271 (1997).
0" [ e moem g 08
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oo FTHE
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Poo=1/3: unpolarized

V]

z

spin transfering - A + X induced polarization?

Fragmentation is described by fragmentation functions (FFs)
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FFs are defined via the quark-quark correlator

Three dimensional (i.e. transverse momentum dependent, TMD) FFs

The quark-quark correlator =@ ,;p,S) = %2 J‘ d*Ee S (WX 1T (E)2(E,0) 10X0 1 £ (0,000 (0) | EX)
X
integrate over kr : EV¢k,.;p,5) = ﬁ Y [t dE e, e TR (X 1 (E)£(E,22) 10X01 £ (0,00)y (0) | hX )

Expansion in terms of the [-matrices

5V (z,k,,3p,8) =EV(z,k,,;p,S) scalar
+iys EV(z,k,,3p,S) pseudo-scalar
+y% By (2,k,5p,S) vector
+Ys’}’ (0)(1 kei3P5S) axial vector
+iy 0% Eo 2Ky 3 p,S) tensor

. 1 2
€.g.. Eff)(z,kﬂ;P,S) = ZTr[YaE(O)(Z’kFL;p)S)]

- % Y. [t d& a0 (hx .,7@4(5,00)%“ 10)X01.2°(0,20)y (0) 1 hX)
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Description of polarization of particles with different spins

Spin 1/2 hadrons: ‘ The spin density matrix is 2x2: p= Z” ?' = %(1+§ -G)
~ Vector polarization: S* = (0, 5) o
Spin 1 hadrons: ‘ P Pu  Pis 1 .
The spin density matrix is 3x3: =| Pu Pos |=3+38-Z+3T7T7)
Pai P Paa
Vector polarization: s* = (0,S) = (0,Sr,5,) 3} ] independent
Tensor polarization: s, SX =(0,5;,,5,,0), S =(0,55,55,0) 5 components
SIs.ess o sn o Sk e~ — S
1 2 _| g risi sy visy) (83, =S} + (55— i)
r=,| SR 3S.-Sh Sk p= 25 N5
Sz s, g s, STT%ST; —(S, + is,{zT \}; (S5 +iS}) % ~ %
g;ﬂiverse ) Sir= Q = O str= Q) -
y T U w00 »0-0
See e.g. A. Bacchetta, & P.J. Mulders, PRD62, 114004 (2000). / ¥
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TMD FFs defined via the quark-quark correlator

e.g. for spin-1/2 hadrons

The Lorentz decompasition totally 8(twist 2)+16(twist 3)+8(twist 4) components

E‘g))(zakm_;p) S)= ME(z9kFJ_) + (I;FJ_ Sy )E;_ (z’kFJ-) twist-3

+

29 @,ky 3P, S) = pﬁﬁa [ MD, 2.k, + (k- S)D (25kp,) |

~ / twist-2

- k
+ Ky oD (2,ky )+ MS,, Dy (2,ky, ) + =222 [ AMD} (z,k;, ) + (ky, - S;)Dy (2,ky,) |

M
M 7 1 .
+ F”a [MDs (zokp) )+ (kg - S;) D3y (Z’km)] twist-4
e s=aPaes, aMoa i =e ke
p=p n+2p+n, S= ﬁn+ST— gn, Lo =€ k]

Eg: DGky)= ﬁZI dEd*g e (X | 1/7(5)4(5,00)’% 10X01.£ (0,02)y(0) | 1X)

See e.g., K.B. Chen, S.Y. Wei, W.H. Yang, & ZTL, PRD94, 034003 (2016).
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Twist-2 TMD FFs defined via the quark-quark correlator (spin-1)

Quark pol Hadron pol == TMD FFs (2+6+10=18) integrated over k. name
U O D, (z,ky, ) D, (z) number density
U T é-@ D;; (z,k,) X Sivers-type function
(D) LL D,;, (z,ky, ) D,,, (z) spin alignment
LT DIJ}‘T(z’kFJ_) X
TT D, (z,k,) X
I L Spu»> G, (z,k;,) G, () spin transfer (longitudinal)
— T 8.8 G (zky,) X
G)  Ir Girr (2 k) «
T G1lTT (z,k, ) X
U ®=® H; (z,k;,) X Collins function
T &b H,, (z,k;,) spin transfer (transverse)
T T Ad  HiGk) Hir (2)
] L @»=@»  Hj (z,k;,) X
(H) LL HllLL (z,kp, ) . X
LT H,, ,(z,k;,), Hi(2,kg,) H,,,(2)
IT HllTT(z ki), H'lTT(z k) Xy X

See e.g., K.B. Chen, S.Y. Wei, W.H. Yang, & ZTL, PRD94, 034003 (2016).
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One dimensional FFs defined via the quark-quark correlator

The vector meson sin alignment v.s. the longitudinal spin transfer

1
YR = 2 (1xys)Y

D1(2) + SD11s (@) = an | zag=ew e 3" (x[ia, ©v* [0} o], ©)[nx)

Aq=LR

the vector meson spin alignment

independent on the spin A, of the fragmenting quark!

5161,(2) = z | zag e [(hX[B©r* [0)01pL ) [hX)

— (hX|pr(©)y*[0)(0lR(0)|hX)]
the longitudinal spin transfer

dependent on the spin 4, of the fragmenting quark!
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Hadron polarization ine*e™ - hX

Hyperon polarization:

Zq Pq(Q)Wq(Q)Gqu(Z» Q)
2.qWq(Q)D14(2,Q)

P;A(z,Q) =

2
Wo(@) = 2 (e} + xefel + xlchel)

SZ

(s — M3)" + T3M3| sin*26y,

o

—2e,s(s — M%)
2
(s — M2)” + TZM%|sin20y,

Xint = [

Vector meson spin alignment:

124 W4(Q) Dy114(2, Q)
S @ =575 W @)Dz Q)

R

xeei+ xlcc’

I_) — 3 int VA
1 et + yelel + i cocl’
q XC € T XSSy

I | |
b e e e e e e L

0 100 200 300 400 500

V/5(GeV)

K.B. Chen, S.Y. Wei, W.H. Yang and ZTL, PRD94, 034003 (2016);
K.B. Chen, W.H. Yang, Y.J. Zhou and ZTL, PRD95, 034009 (2017).
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Hyperon polarizationine*e™ - H + X

Parameterization at a initial scale: G572 (z, no) = z°D572 (z, puy)
u/d—-A u/d—A
GlL ( 7”0) - NZaD ( :”0)
QCD Evolution: d 611 (2, 07) = Z:f tdy G]_)h QZ)AP N
(DGLAP equation) dlnQ>2 ij Y, &s
0_8_ 0_"\"|""|' 1 | -
i aT-05F \\ 7 _ ________ -
0.6:_ OE%%%%’{:%%%{% {HH_:
504+ 5_'?‘3?-.,\\/,7————---——---;
ST OAF BN T ;
- 1 -
L < C -".",.-‘
0.2 » -0.2 1 TR g
; dence R T e — =01
04 03f e
. _0'4:|1||I||||I||||[.|||‘I_||..._
0 . ) 0.8 0] 100 200 300 400 500
z Vs(GeV)

K.B. Chen, W.H. Yang, Y.J. Zhou and ZTL, PRD95, 034009 (2017).
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Vector meson spin alignmentinete™ >V + X

Spin alignmentinete”™ - por K* + X weak energy dependence

| o OPAL | o DELPHI

I H | o OPAL 1| o DELPHI
| [ mmmn /5 = 2 GeV || === /5 =2 GeV i mmnn /5 = 2 GeV : nms /5 = 2 GeV
| V5 =912 GeV = Vs =912 GeV | m—5 = 01.2 GeV | m—F = 912 GeV
0.6 *== v/5 =500 GeV L= =" V& =500 GeV 0.6 === /5 =500GeVv H == /5 =500 GeV
8 - : -
g | g | L
0.4 _ | i
i AKKO08 0~‘11 i AKK08
3l L™ o T T g T ol -+ 017 % S
e Scenario 1 b Scenario I - Scenario II T ‘.." Scenario 1T
0.2 ete” 5 K*9X | ete "X 0.2 eTe” = KX _;.0' ete” = p°X |
S W N S N TN TN S T N T ST T T N T T T T N TN N T T T S T T T T N N T S S TN SN TN TN Y SN UMY NN TN SN SR SN SN SN SN SN S - SN SN NN TN SN SN SN NN SN SO SN SN NN SN SN SN S NN S 1
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Spin alignment inpp - VX

Poo

Poo

S S S S S S S S S S S S S S S S S S S S B B B

S S S S S S S S S S S S S S S SO S S S S

T

T

O.7H |yl < 0.5:  memm Sce. T mmma Sce. 1T T 1yl <05  wmmSce. I mamaSce. II 1
H1l<|yl <2 === Sce. I mmuSce. II H1l<|yl <2 =swSce. I mmnSce. II
0.6 T .
: .,.u--u-.-.---m-.-.-\-uu"_‘:'-'.l:: ......:-'--m-.“n"--'-ﬂ-'m'n:'.l-':'.‘:
=,-...=..-:.--|:\:":‘-.-...-'lI------III e ‘A.l-_-‘:.-.-:--':'--.-:"‘“.l--llnnnun 'l
0.5F i -
: Lo’ I"
044" AKKO08 -+ AKKO08 .
) pp — K*OX, /s =200 GeV | pp — p°X, /5 = 200 GeV
N N TN TN T TN TN TN N T T N T S SN S N TN Y T N T . = TN N N TN T NN T T TN TN T N T T T T T
3 6 8 10 12 14 6 8 10 12 14
pr (GeV) pr (GeV)
———— T
0.7 |yl < 0.5: e Sce. | mmms Sce. 11 Tl 1yl < 05:  mmSce. I mmma Sce. 11 .
H1<|yl <2 wunSce. I mminSce. II H1<|yl <2 wuw Sce. I mmnSce. 11
0.6 _.-.-..--" iR ]
_: '\-l-".’_gﬂ:x:n'-;n-n:\-.':n-n--- MCIL]
0.5 fynwannnnannnnts
o

04 DHESS e DHESS g
1k pp— KX, /s =200 GeV | pp — p°X, /5 = 200 GeV
JLS . TR T T T T T T TN T T T T ST TN T . - T T I T T T N T T T T T T T N T T T
5 6 8 10 12 14 6 8 10 12 14
pr (GeV) pr (GeV)

Poo

0.6

Vs = 200GeV

Poo = 1/3 and

increase with increasing pr or xp

H AKKO8 wmmm Sce. I === Sce. Il
0.7}

DHESS wmm Sce. I  mmn Sce, 11

1+ AKKO8  mmmm Sce. | === Sce. I1

1| DHESS wmm Sce. I  wmimm Sce, 11

Vs =200 GeV
pp — K*°X

-

\
CR A LI
\

Vs = 200 GeV
pp — p°X
11 L1311

T03 04
TF

02

K.B. Chen, ZTL, Y.K. Song and S.Y. Wei, PRD102, 034001 (2020).

05

03 04 05

TR

Durham2023

2023F9H 24-29H

29



Spin alignment inpp - VX
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Summary and outlook "

® Global hyperon polarization and global vector meson spin alignment have been
observed experimentally.

® The global hyperon polarization is a measure of the average value of the global
quark polarization in the system, while the global vector meson spin alignment
measures the correlation between quark and anti-quark polarization.

® Correlation between the polarization of hyperon-hyperon or hyperon-
antihyperon can be sensitive to the long range correlation while off-diagonal
elements of vector meson spin density matrix may provide important
information on the local correlation.

® Vector meson spin alignment in fragmentation mechanism is independent on the
spin of the initial quark. Predictions have been made for different high energy
reactions that can be tested by experiments.

Thank you for your attention!
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One dimensional FFs defined via the quark-quark correlator

The one-dimensional quark-quark correlator

_ 1 e
2(z;p,S) = EZJPW?_ e~ ¢ (nX|p(©)|0)(0ly (0)|hX)
X

Lorentz decomposition
E(zp.S) = E(zp,S) scalar
+iysE(z;p, S) pseudo-scalar
+y%Eq.(z;p, S) vector
+¥5V*Ea(z; D, S) axial vector
+iys6%FEq45(z; p, S) tensor

1 _
Ea(z;p,5) = 7 TrlyoE(z p, S)]

1 P —
= =) j p*dg e (hX[P(E)y,|0)(0lp (0)|hX)
X
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From the physical meaning of FF’s J

For the fragmentation process q - V + X

vl
&

space reflection s-k
| k|

Quark helicity: 2, =

m‘ -
A
v
I
N
L]
|l
I

Vector meson space reflection
spin alignment P00

A
v

Poo

> Poo should be independent of the spin 4, of quark!

The FF D4;; (z) should be independent of the spin
of the fragmenting quark!
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Quark polarizationin ¢'¢” — gg

Atthe Z-pole: e'e” > Z —qq

"ZZ
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Hyperon polarizationine*e™ - H + X

Parameterization at a initial scale: G572 (z, no) = z°D572 (z, puy)
u/d—-A u/d—A
GlL (z,ng) = NZaD (z, no)
QCD Evolution: d l_)h(Z Qz) 2[ dy ]—’h QZ)AP (y, )
(DGLAP equation)  9lnQ2 yly, &s
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z

K.B. Chen, W.H. Yang, Y.J. Zhou and ZTL, PRD95, 034009 (2017).
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Vector meson spin alignmentine™e™ - V + X

Two scenarios of parameterization at an initial scale.
favored, e.g.:
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K.B. Chen, ZTL, Y.K. Song and S.Y. Wei, PRD102, 034001 (2020).
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Vector meson spin alignmentinete™ >V + X

The fragmentation functions D’szq(z, Ug)ing - K* + X
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Durham2023 202349 H 24-29H 37



