Transverse Spin Correlation and
Anisotropic EEC

Lei Yang, Yu-Kun Song, Shu-Yi Wei, Phys.Rev.D 111 (2025) 5, 054035
Yu-Kun Song, Shu-Yi Wei, Lei Yang, Jian Zhou, Phys.Rev.Lett. 136 (2026) 13, 131901

May 16 2026



Contents

< Background & Motivation
% Back-to-back Di-hardrons Spin Correlations
< Probing Gluon Linearly Polarization with EEC

% Conclusion

Lei Yang Transverse Spin Correlation and Anisotropic EEC



Background & Motivation

e p
< Hadronization is the non- A ¢
perturbative process where ‘.
partons evolve into hadrons / | Q\. Lo

< Only detected final-state

hadrons - "‘,’
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QCD Factorization PSS BALLPHL 199 |
< How to study polarized FFs? Ve e
. A
polarized targets PN =7 GiLg .
. q
polarized beams Df, : :

L eTe - A+ X
_0.6 A T NN TN NN TN NN TN NN NN N B L1
0 0.2 0.4 0.0 0.8

Can we study the FFs of spin transfer in
unpolarized beam collisions?

g «£=p

The preparation of polarized

e

beams/target is relatively ditficult
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Background & Motivation

Extracting Polarization information from unpolarized collisions

Kun Chen, Gary R. Goldstein, R. L. Jaffe, and Qe Unp()lal'lled beam CO"ISIOI'IS
Xiangdong Ji. Nucl.Phys.B 445 (1995) 380-398

< Helicity conservation

e q
g and g are on the same fermion line.
They must have opposite helicities
i 7 < Helicity correlation
€ :
A novel probe to the spin-dependence
_ _ _ . fragmentation functions
uy*u = uyytu; + ipyfuy Unpolarized .

We will focus on the transverse spin transfer H,
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Back-to-back Di-hadron Spin Correlations

Electron-position Annihilation

- PP(p,ng) + P(—ng, —ng) — Py, —ng) — P(—ngp,ny)

1T — .
P(nr,ny) + P(—ng, —np) + P, — ny) + P(—ng,ny) :
: 0.5
yH e yH(ey — cqrs)
-y
3
2 ] R — S -
3
0.5}
A ! =q
Belle
experiment T

do 27N o> .

s T or 2 [P @D + S S Wi ()i (2|
[~<2

q

Lei Yang Transverse Spin Correlation and Anisotropic EEC

LEP
experiment

Q (GeV)



Back-to-back Di-hadron Spin Correlations

Unpolarized Proton-proton Collisions

¢’ ¢’
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Transverse spin correlation
requires a helicity flip
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Back-to-back Di-hadron Spin Correlations

Unpolarized Proton-proton Collisions

| | | do! /dt
Partonic transverse spin correlation: % =
doV/dt
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How to probe gluon linearly polarization?

The gluon linear polarization cannot be inherited
by A hyperons in the collinear factorization

 Quark hadronization: D(g - A) = D (2) + A,4zG}} (2 + S, - SpaHY (2)

2 Gluon hadronization: D(g — A) = D! (2) + 2,A,\G{}_(2)

Solution: Anisotropic
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Probing Gluon Linearly Polarization with EEC

Why Linearly Polarized Gluon?

See, e.g., RK Ellis, et al, QCD and Collider Physics

< Small-x limit: ~<100% linear polarization

in-plane
{ g/ L
unPOlarized qllark

out-of-plane

gluon linear polarization
-
(@)
|

< Challenge: directly measuring linear polarized

gluon 0
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Probing Gluon Linearly Polarization with EEC

Branching Plane

Since the linear polarization of the parent

gluon specifies a transverse direction, the
parton branchingis no longerisotropic

'30"0'0 term  Anisotropic term

Branching Plane

lp i e .

Pyt = 2N [ Tt = 0fi{a(T —0fos 29

Anisotropic

1
_ > >
Py gq% ) = B 2%+ (1 = x)* = 2x(1 — x)cos 2¢)| . EEC: a novel probe
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Probing Gluon Linearly Polarization with EEC

EC(#A) ~ (0] J(0)&(7)J(0) | O)
Energy Correlators 3

ENC(A) ~ (0[J(0)&(#,)-+ E(#)J(0) ] 0)

Energy Flow  &@®)|X) = Z K05D(Q, — Q) | X)

keX
. . 1 EE;
Two-point correlation EEC = — Z Jda 0 o(y — 0;)

l,]
Sterman, 1975
Bashman,et.al., 1978

< FEasy to implement and nature

< Energy weight suppresses the soft contamination
< Governed by DGLAP, not sensitive to soft gluon radiations MJ\/J/ '
< Infrared-collinear safe, perturbatively 3 ww
13
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Probing Gluon Linearly Polarization with EEC

EEC and Jet Function

. L.J.Dixon,|.Moult,and H. X. Zhu,
o H-mteg rated EEC Phys. Rev. D 100,014009 (2019), 1905.01310

(EEC) = 2 deszi(x, wl(nx’k), k= (0E,)Iu*
1=4.8
< Unpolarized jet function J; follows the DGLAP

0, €[0.03,0.04]

evolution equation

oJ(Ink) o r
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0.
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01n p? T A
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] 0

¢ Polarized jet function Jg 7
0, 7(Ink) o2 Jl It is not consider the quantum

=5 *Py, . h ffect of large-ang|
olnu? 2z dyy“P,,(y)J, 7[In(y~x)] co er;l:;:teel ec od.ar.ge angle
J gluon radiation

0
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Probing Gluon Linearly Polarization with EEC
Angular Ordering & CCFM

See, e.g.,RK Ellis, et al, QCD and Collider Physics

< Angular ordering:

1 Pi
. 2T depy, 1 p
(W= ——W = CICE k
y Jo 27 Y EZ(1—-cosfy) L.
Dj 1%

» Evolution of jet function:

DGLAP

CCEM

aJl-(hl K) o, o J (ln K) i 1 ~1—-Alu
Z dysz,J(y)J In(y*)] > — AT A = 2 A

dyy? [f’gg(y)Jg(ln Q) + P, ()] (In K)]

dlnpu?  27x~ ), J Al

J

-1 - 12
. . dz [ d
<+ CCFM evolution equation:  g(x,k,p) = a, ?Z ﬂ—;ﬁ(p — 2 Ak, z, ) A e,k’,q)

Ciafaloni, NPB 1988; Catani, Fiorani, Marchesini, NPB 1990.
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Probing Gluon Linearly Polarization with EEC

EEC Phenomenology analysis

:

ALEPH e'e’, ys =91.2 GeV
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Probing Gluon Linearly Polarization with EEC
CCFM Evolution R
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Probing Gluon Linearly Polarization with EEC

Analyzing Power A(6)

2 2
AQ) = [dyy(1 = WI[P;? + 2nP;?,

[ayy(1 = ) [Py + 20 Pyl + [Py + P, |

Partial cancellation between

g — ggand g — gg branching

P;%(y) = 2N y(1 - y)

P,(y) = —y(1 —y)

_ EC
0.04F EEC
S
= 0.03}
|
0.02f u=P, =30 GeV
0.01 0.1 0.3
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Probing Gluon Linearly Polarization with EEC

Anisotropic EEC — heavy flavor tagging The cos 2¢) modulation
reaching approximately 40 %
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In ZY-tagged process, gluon can be consider as collinear radiated by the
quark when P, < M,, generating a sizable linear polarization.
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Conclusion

< The transverse polarized FFs can be probed by means of transverse spin

correlations
< The anisotropic EEC is a novel probe

< Coherent effect is naturally encoded in the CCFM equation, providing a
smooth transition into the non-perturbative regime

Thank you!
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