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Introduction

QCD factorization

‘partonic interaction, perturbative

Cross Section = short distance ® long distance

non-perturbative, universal

Fragmentation Functions: quarks (%, ApS14) = hadrons (p = zk, 4,,,S;))

D Agp 4y S1p Si) = D1 [(2) + A4 GYy (2) + St - Sy 1(2)

92(2; /lg, Ans Stp) = D{fl,g(z) + lgth{lL’g(Z)

QCD dominant process: Parity Symmetry:.
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Introduction

QCD factorization

Baryons

” Unpolarized D]
=
T L
=
o)
T H,, quark
only

™ G,;, aka, the longitudinal spin transfer

| polarized beams |
or
! weak interaction |

’ I
|- _ S — =
e g e e e — e

Number density of longitudinally polarized hadrons

produced from longitudinally polarized quarks.
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Introduction

Single Inclusive A Production in e*e- Annihilation Experiment

Final state quarks gain
polarization through
weak interaction

quark polar1zat1o ]
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Introduction

Single Inclusive A Production in e*e- Annihilation Experiment

Final state quarks gain
polarization through
weak interaction
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. . Z
quark polarization
— DSV: Phys.Rev.D 57 (1998) 5811

See also: Chen, Yang, Liang, Zhou, PRD 95, 034009 (2017)
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Introduction

Single Inclusive A Production in e*e- Annihilation Experiment

Final state quarks gain
polarization through
weak interaction

dOJZDS [ 142 ”q T'E%J

quark polar1zat1o ]
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Introduction

AA-pair Production in e*e- Annihilation Experiment

do J ‘ A
—— = 0, [Df\q(zl)D{\q(Zz) - AAAAGII}Jq(Zl)Gi\LZ](Zﬁ]
dPS
M Helicity Conservation @ Entangled states
g and g are on the same fermion line. 2 ATB £ ALBT
They must have opposite helicities. V2 B
1
___|AtpT ipl
™ Helicity Correlation V2 AB £A'BY

A novel probe to the spin-dependent

fragmentation functions H.C. Zbhang, SYW; PLB 839 (2023) 137821
see also Nucl. Phys. B 445 (1995) 380.

Shu-yi Wei Spin Correlations



Helicity correlation of B2B dihadron

Helicity Correlation of AA-pair

same signs — opposite signs Z GOGqu(Zl)Gqu(Zz) . .
LL = : =  (cos O cos G%)
total cross section Z gOD (Zl)qu(Zz)

‘e
..
"

S| I | ™ The helicity correlation at the
—0.4[ DSV o DSV =05 . Belle energy has a Similar
1ok | e=wssaey  BEEIEEETTRC L 1058 Gy . .
|| IO o \_;.;;;__;;_.Sce' o magnitude with that at the LEP
09T 02 03 04 05 06 07 WSS 02 03 04 05 06 07 08
. energy.

0.0 T

™ It is now possible to extract the
longitudinal spin transfer at

CLL

Belle experiment.

Q=912 GeV S Q=912 GeV
N e+e —>A—|—A+X i,-'l"-:e+e SA+ALX

00702 03 04 05 00 07 GRS 55 03 04 05 06 07 08 H.C. Zhang, SYW; PLB 839 (2023) 137821

29 )
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Helicity correlation of B2B dihadron

Applying to the unpolarized pp collisions

'ﬁ C(;tc)
! a+b—cl,)+dA,
a ,"
¢ ™ Are A, and 1, correlated?
\“ b p
‘\‘ Yes!
d(hy)

_— — = = ———

[ ¢¢

 “s-channel diagrams”: just like e*e- annihilation, maximum correlati
g )

- I —

a (1) §+8>4qd+qp
N negative

9 T4, 414, / correlation
; dl)  q+g—-g+g ¥

H.C. Zhang, SYW; PLB 839 (2023) 137821
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Helicity correlation of B2B dihadron

— = e e — = _,-,.17

|

ol

- “t-channel diagrams”: prefer same-sign correlation

> > T positive
a c(4) T s correlation *
S O |
+ i
Foo6)
o B
b d(4,) = |
> > & 04f
>
& 02¢ s = 400 GeV?
T. . - i ¢i + 45 = 4i + g5 ]
O summarize 0.0 s
t (GeV?)
“ )
™ “s-channel”: o,_=o0_,>0,,=0__=0
o )
™ “t-channel”: 6,,=0o__>0,_=o0_,>0

M Probe polarized FF in unpolarized pp collisions

M Explore the circularly polarized gluon FF

H.C. Zbhang, SYW; PLB 839 (2023) 137821
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Helicity correlation of B2B dihadron

Polarization Correlation in unpolarized pp collisions

6 p+p—-A+A+x | RHIC
i V'S =200 GeV
............ T DSV
~ 2 - T, _
S fm=o T
ofpmazsgey e "

L e T el
=] T "
_4F-|-|----|-I | | , |:

0 0.5 1 1.5 2

T)2 TR
L L | L oh :
o.10f ] s
" VS =1.96 TeV S
[ pri2 > 20 GeV S
0.05 | - —_—_—
m=0 e,
N e PTTL L L N
'q ------- .
D
0.00 H."."."."."."."."."."."."."."."."."."lf:...?r;::::T
x /"J
—0.05 } | l. ]
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1072 DR e
- p+p—oA+A+X | LH C
2| V5 =502 Tev o e
O NS . . .............. -I...-h... DSV -l
= _9 pri2 > 20 GeV /
_4 :_ ¢¢¢¢"“ -

_6 ===""" | | | |
0 0.5 1 1.5 2

T2

M Smaller, but none-zero
™ Distinguish different scenarios
M Avoid contamination of polarized PDF

M Probe gluon spin transfer
H.C. Zbang, SYW; PLB 839 (2023) 137821
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Helicity correlation of B2B dihadron

Keywords of Jet Quenching

Medium Response

> 4

Energy Loss P, Broadening

Energy- Energy\ Collectivity

Correlator

Polarization?

etc
Something I do not know
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Helicity correlation of B2B dihadron

Helicity Correlation in central and peripheral AA collisions

do do : :
A toy model: - — Energy LOSS ® - X. LL, Z.X. C/aen, S. CdO; S.Y. Wel}
dPS dPS Phys.Rev.D 109, 014035 (2024)
pp
0.20—————— ™M Much larger luminosity
L \/SNNZQOO GeV pp
0.18 —== AuAu 0-10% . o
0.16f~=~_ _ ——- AuAu 50-60% - M Jet Quenching + Polarization
0.14f Ry
~T~~. S~ 0.08
<0.12} —
SV B pp
R | _ . p.orp VW =002 1eV —== PbPb 0-10%
~~_] L —-= PbPb 50-60%
0.08F - 0.06F N\\\\
o.0cf AMm=0 § - -
> 5 GeV = U.0or
0.0af P12 S
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 0.04f —
Up: -~
e — e S A =0
. Clear Enhancement in 0.00ob Pri2>20GeV |
central A collisions 0.00 0.5 050 0.5 1.00 1.25 150 1.7 2.0

— — === = e =

T2
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Helicity correlation of B2B dihadron

Helicity Correlation in ultra-peripheral AA collisions

—0.25F

—0.30}
0.00 0.25 0.5070.75 1

I _ —== DSV Sce.1l |
= AA —-— DSV Sce.2
| pr1i2 >3 GeV i =0 —— DSV Sce.3 |

T2

X. Li, Z.X. Chen, S. Cao, S.Y. Wei;
Phys.Rev.D 109, 014035 (2024)
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™M Much larger luminosity

M Pomeron + Polarization
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Helicity correlation of B2B dihadron

Helicity Correlation at future EIC

| | | | | | | | | | | | | | | | | | |
0.05 . EIC: 18 GeV electron on 110 GeV proton -
- Q2 = 10 GeVQ, PT1,2 > 0.5 GeV -
. Db oo S 3
e i .
& i
£ —0.05F
~ : ———————————————— 1 O T T T [ T T 1 '.'-.4-'| T T T [ T T T 1
Qj - RCL ,:_'_':— -7 . | EIC: 18 GeV electron on 110 GeV proton |
—0.1 - //xf‘"/ —1Sce. 1 [] - Q% =10 GeV?, pryo > 0.5 GeV :
P ; i
R [_1Sce. 2 |1 ]
. o 1 —_ — - —— ]
7 N?—N%E[O&Q] Q* [1Sce. 3 [] N@’ 01_ i
_015 AN J Y TN T T AN AT N S Y s O N N . . Longitudinal Photon @ __--- ”—_
0 0.1 0.2 0.3 0.4 =& NS -zTIllT-- _
S  mmmzz==Z==-"°"7
I'B; i -.=_==.=.E'-._=..=.' ]
S —0.2 e 7
ND) - e e .
| ==1Sce. 1 Sl |
[[CJSce. 2 , T, :
_OS_EISCQ 3 ,uf:,uTG[OS,Z]Q _
Y N R O St Y N A N A A N IO E N N B
Z.X. Chen, H. Dong, S.Y. Wei; 0 0.1 0.2 0.3 0.4
PRD 110, 056040 (2024) I'B;j
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Helicity correlation of B2B dihadron

Helicity Correlation at future EIC

1 T T T T [ T T T T A R
- pt =y €10.5,2] Q7 -
0.8 .
o 0.6F -
E i |
0.4 -
0.2
i :O'fy*q/atotal i
- L2009/ 0total |]
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L B;

Z.X. Chen, H. Dong, S.Y. Wei;
PRD 110, 056040 (2024)
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Helicity correlation of B2B dihadron

Helicity Correlation at future EIC

CLL(xBja Q2)
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QCD factorization

Baryons

” Unpolarized D]
e
1 L G
=
o)
R quark
only

™M H,;, aka, the transverse spin transfer

i Chiral-odd |
| fragmentation |
. function ||

Number density of transversely polarized hadrons
produced from transversely polarized quarks.
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Electron-position annihilation

helicity correlation of ¢g: |M(A, =+ 1,4;=-1) 1+ (M4, =—1,1;=+1) B

transverse spin correlation of ¢g: 2Re [M(/lq =+ 1, =—- DM*(A, = - 1,4, =+ 1)]

LEP

experiment

Transverse spin correlation
of ¢qg pair

——qg=u,c
--q=d,s |

. 1()2 103 .
experiment Q (GeV) L. Yang, Y.K. Song, S.Y. Wet;
PRDI111, 054035 (2025)
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Unpolarized pp Collisions

q : : : ;q
g+g—=>q+q o E : E q
i * q o ! :

_ A — negative ¥ i 1
qi+d4; = q;+ 4 ‘  corrgelation g
q;t4q, > q; +q; " : :

q o | ¢
‘ small 1
q; + g; = q; + q; g correlation ; g : g
9t 4q; = 4t 4 G Lt !
‘ correlation : -
q : : o ¢
q+8 >4+ 8 gluon channels : : :
qg+q— g+ gG—— does not " E : E .
g+g—>g+ag M contribute )'
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Transverse spin correlation of B2B dihadron

Unpolarized pp Collisions

: : : do' /dt
Partonic transverse spin correlation: # =
doV/dt
- O
k —0.02 |
g —0.04f
N T :
: o5 —0.06
_RQiQi_)‘Jij —f —008 !
i --- Reqi—aia | I
—t2f ol tenes ] ol e |
-1 -08 -06 -04 0.2 0 -1 -08 —-06 —-04 —0.2 0
t/s t/s

L. Yang, Y.K. Song, S.Y. Wet;
PRDI111, 054035 (2025)
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Helicity correlation of neighboring dihadron

Dihadron Fragmentation Function

@hlhz(zp 2, /11, /12, Mfz) = Dlhlhz(zp Yoxy % ) + 4 ;tleLL (Zl, s U ) + ST1 ST2D1TT (Zp Z2)

| A A R R
kaf,](f) =3 ; [ij<—i(§, Ai, +,+) + P i(§, iy —, =) — Pjpei(&, Aiy +, =) — Pjpi(€, A, —, +)]

F. Huang, 1. Liu, YK. Song, S.Y. Wei
PLB 862, 139346 (2025)
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Helicity correlation of neighboring dihadron

Dihadron Fragmentation Function
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| 42 =100 GeV? .

Scenario 3 R a

| —i=u,d,s .
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F. Huang, 1. Liu, YK. Song, S.Y. Wei

PLB 862, 139346 (2025)



Summary

™ Spin correlations emerge 1n unpolarized collisions.

™ The unpolarized colliders are also capable of investigating the
hadronization of polarized parons.
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The End



