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Introduction - A helicity

In the very beginning, A polarization is just a tool

In order to reach completely the vector and axial couplings of the neutral currents to
quarks we propose to measure quark helicities from the polarizations of the leading bary-
ons of the jets. Applications are given for ee” 2 jets where large degrees of polariza-
tion are obtained from v-Z interference.
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All 3 scenarios can describe

LEP data
1: gy,() > g, (w) = g,,(d) =0
2: g.(5) >0, g,(u) = g;,(d) <0
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Introduction - A helicity
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Introduction - A helicity
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Introduction - A helicity

Z'-tagged A production in unpolarized pp collisions
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Introduction - A helicity

Z'-tagged A production in unpolarized AA collisions
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Spin Correlation

Spin Correlation in e*e™ annihilation

et+e -yt > q+q

Parity Symmetry

Single Inclusive
helicity

conservation

P =P,=0

final state ¢ ® g system

two qubits

qgg Pair Production

C,,=+1
sin” @

1 + cos? 8
sin” @

1 + cos?d

Cxx =+

Cyy =

Wigner

D-matrix
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Spin Correlation

Spin Correlation in eTe™ annihilation Bell state: |¥) = % [‘ )+ ] )]
2

None of these two particles P,=\"[o,&I|Y)=0
is individually polarized P,=(¥Y|I®0c,|¥)=0

Cry=(¥Y]o;@0,|¥)=+1

Spin Correlations Cyy = (P06, @0, |P) =+ 1
reach unity

Cry = (¥]0,®0,|¥) = — 1

ol+)=+1l+)ol+)=+1]-)0l+)=+i]-) See also: K. Cheng, B. Yan, 2501.03321;
o|l=)==1|=)ol=)=+1]+)0]-)=—il+) S.J. Lin, M.J. Liu, D.Y. Shao, S.Y. Wei, 2507.15387

Useftul relations:

K. Chen, G.R. Goldstein, R.L. Jaffe, X. Ji, 9410337; H. Zhang, S.Y. Wei, 2301.04096;
L. Yang, Y.K. Song, S.Y Wei, 2410.20917; S.J. Lin, M.J. Liu, D.Y. Shao, S.Y. Wei, 2507.15387.

10



https://inspirehep.net/literature/378839
https://inspirehep.net/literature/2621901
https://inspirehep.net/literature/2843100
https://inspirehep.net/literature/2952151

Spin Correlation

Spin Correlation in pp collision d
p p
lype I: g, + g, — qj+qjandg+g — q; + q;
° - Not C
q; q; C =1 77
- B C sin” @ |
q, q; T 14 cos20 Akin to Cyy

Just like the e*e™ annihilation, the final state ¢g pair also form a Bell state with
maximal entanglement at 6 = z/2, (1.e., f = i = — §/2)
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Spin Correlation

Spin Correlation in pp collision d
P p
Type 1L: g, + q; — q; + g
C - §2 — 0? 0
LL™ & 4 2 >
Crr =0 Chiral-odd

Transverse spin correlation vanishes, since the final state quarks are disconnected.
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Spin Correlation

Spin Correlation in pp collision d
p
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Spin Correlation

Spin Correlation in ep collision Longitudinal Photon y is interesting
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Spin Correlation

Spin Correlation in ep collision Transverse Photon 7}

yvF+8—>q+q C;; = — 1 due to helicity conservation

Z.X. Chen, H. Dong, S.Y. Wei,
2404.19202:
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Emerging Transverse Polarization

Hadron-in-Jet: TMD factorization

P << Ehadron ™~ Ejet

Baryons

Unpolarized Dy.: Producing Transversely
z polarized hadron from
= T unpolarized quark
=
o)
ag
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Emerging Transverse Polarization

Transverse Polarization in ete™
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Emerging Transverse Polarization
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Emerging Transverse Polarization

Transverse Polarization in ete™ ditferentiate valance quarks from sea quarks

DfT(u) 7 DfT(d) 7 D%T(S) o DfT(sea)

0.015 1 B
B
02<2Ap<03]103<2A<04]104<2zA<0b5]105<2zr<0.9 —
) sea,
10 - _ ] 1 4 At " 0.005
+ Ar &
— = 0.000
5% - - - = =
. /H -4 5
N Q —0.005
N— O <
< N
A ¥;+ ’%: —0.010
.¢.
_5— - - -
>\\Q— —0.015
10+ _ ] _ | . . . . . . .
0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60
<A\
15 —_— —_— — —
02040608 040608 040608 0406028
Zh

Callos, Kang, Terry, PRD 102 (2020)

D’Alesio, Murgia, Zaccheddu, PRD 102 (2020) 20



https://doi.org/10.1103/PhysRevD.102.096007
https://doi.org/10.1103/PhysRevD.102.054001

Emerging Transverse Polarization

Isospin Symmetry
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Emerging Transverse Polarization
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Emerging Transverse Polarization
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Conclusion

e Unpolarized High Energy Collisions are capable of investing Polarized hadronization.

It offers important information on the hadronization from a unique perspective.

Thank Yyou very much for Your attention!



