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Background Factorization
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Fig. 1: This figure comes from TMD Handbook.

The SIDIS cross section can be factorized as
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where the ® represents the convolution of the both momentum fraction ¢ and kr or ¢ and k% in case of
FFs.
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Background

The definition of correlation function is
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With 16 Dirac-gamma matrix decomposition
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Background Fragmentation Function
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Background

Q = 100 GeV Q=5 GeV
The fragmentation functions have been Comparison of NLO fragmentation functions to
pushed toward small-z region. those from NNFFs and DSS
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Gao, Jun and Liu, ChongYang and Shen, XiaoMin and Xing, Hongxi and Zhao, Yuxiang. Phys.Rev.Lett. 132 (2024) 26
Gao, Jun and Liu, ChongYang and Shen, XiaoMin and Xing, Hongxi and Zhao, Yuxiang. 2407.04422 [hep-ph]
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Background

For polarized FFs, such as G;; and H,1:

LEP, RHIC; and HERMES, COMPASS for DIS 0;%| .............................
Gy <= LEP: eTe™ collider at the Z; pole. ! iil%' _ :
B ol - Eeq V5 =912 GeV

S M) Gig(2) +{a e Gy o (1-y)} T e

Py, z) = = €
2 qwa(¥)Dig(z) t{a Gy < (1—y)} o -

where Ag(y) = Awq(y)/wq(y) is the helicity of the I }
fragmenting quark. Y b

Transverse spin dependent FFs: Hy1 7

[Kai-Bao Chen, Tianbo Liu, Yu-Kun Song, Shu-Yi Wei. Particles 6 (2023) 2, 515-545, Particles 6 (2023) 515-545]
[ALEPH Collaboration. Phys. Lett. B 1996, 374, 319—330.]
[OPAL Collaboration. Eur. Phys. J. C 2, 49—59 (1998)]
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Background

How to study transverse spin dependent FFs H; 1 ?

e Xiangdong Ji.et.al have proposed to measure the longitudinal spin transfer Gy, (z) at unpolarized
electron-positron colliders utilizing the helicity correlation of back-to-back dihadron at 1994.

o Longitudinal spin transfer (unpolarized e™e™ and pp; photon-nucleus collisions)

e |t can be used to study the effects of jet quenching

[Kun Chen, Gary R. Goldstein, R. L. Jaffe, and Xiangdong Ji. Nucl.Phys.B 445 (1995) 380-398]
[Zhao-Xuan Chen Hui Dong and Shu-Yi Wei. Phys.Rev.D 110 (2024) 5, 056040]

[Hao-Cheng Zhang, Shu-Yi Wei. Phys.Lett.B 830 (2023) 137821]

[Xiaowen Li, Zhao-Xuan Chen, Shanshan, Shu-Yi Wei. Phys.Rev.D 109 (2024) 1, 014035]
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Transverse Spin Correlation in e"e~ Annihilation

The definition of transverse spin correlation is

_ P(HT, nT) —+ P(—HT, —nT) — P(HT, —nT) — P(—HT, I1T)
P(nr, nT) + 'P(*HT, 7nT) + P(I‘IT, 7'17') + 'P(*HT, nT)

CTT

e P(ar, br) is the probability for hadron being transverse polarized along ar direction and bt is
anti-hadron.

In the parton model, the LO differential cross section reads

do 27 N.a?
dydzidzs ~ Q4

Ly WH

The leptonic tensor is

L/:,t/ - l1;1,l21/ + llu/2/1, - gp,ull o
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Transverse Spin Correlation in e"e~ Annihilation

The hadronic tensor

where the correlation function Z4(z1),

Here,

Lei Yang

W =" el Tr [Qéq(zl)vﬂéa(ZQ)Wy]
q

Ed(z;) are

[1]>

q(z1) :ifh»Dl,q(zl) + % ($71, A]ysHiT q(21)

[

a(z2) =3 e Duaza) + 5 [$71, f 35 Hira(22)

Z4(21), Eq(z2) is the pr-integrated version of Z,(z1, pr), Eq(z2, pr).
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Transverse Spin Correlation in e"e~ Annihilation

The differential cross section containing both electromagnetic and weak interactions is

> [@ay)Dra(20)Diglze) + (Sti - Sro)wg () Hhrg(21) Hira(z2)]
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Transverse Spin Correlation in e"e~ Annihilation

The dihadron transverse spin correlation

Lei Yang

> [w;r()/)HlT‘,q(Zl)HlT,a(Zz) +wg (1— Y)Hi7g(21)HiT,4(22)]

Crr =

> g wa(y)Di7,q(20) Di7,4(22) + we(l — y) Di7,4(21) D17 9(22)]

T L dyw”
Transverse spin correlation of ¢q: Yo ‘folyi(y)
Jo dywl(y)
The electromagnetic vertex: "
The weak vertex: v (cv — cavs)

Positivity constrain: [Cr7| < /1 — |PL|?,
magnitude of the helicity of q/q

Py is the

If assume vertex v (1 £ ~5), transverse spin correlation
reduces to 0
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Helicity Amplitude Approach

The unpolarized cross section can simply be related to the helicity amplitudepreriooz21)7g)

da—ab%cd o 1
dt ~ 16mws?

> Mo, (e, X)) M3, a, (Aes Ad)

AadpAcAg
The transversely polarized cross section

da‘;:—md . 1
dt " 167s?

Z Mo, x (Ac, Ad) M3, 2, (—Ae, —Ad)

NaApAcAy
There is a helicity flip in transverse spin correlation!

Only helicity flip parts contribute to transverse spin correlation!
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pp Collision ¢q, — g, 49, — 9, &g — a9,
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pp Collision q;9; — qi9;
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The interference diagrams contribute to the transverse spin correlation, it can be understand through the
respect of helicity amplitude flip.
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pp Collision giq; — giq;

For process qgi(ki)qj(k2) — qi(ks)qj(ka), there is no transverse spin correlation because of the fixed initial
state.

From another perspective, this is the trace of an odd number of Dirac-gamma matrices, so the transverse
spin correlation is zero.

do”

& sur{ b ism b e { e glsn ki b =0

qi qi

qj gj
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pp Collision UPC

For UPC process, partonic hard scattering consists of vg — qq and vq — qg.
The transverse spin correlation:

6T
JdP S -3 xFy ( ) xe g (%) £ 229 Hy 7 o(20) Ha T g (22)

N JdP-S- Zb,c‘d Xy by () X 1 b (X6 )717 doqbﬂw D1.c(21) D1 4(22)

Only vg — qq contribute!
The transversely polarized cross section thus reads

dsl

2
v&—qq __ _27raaseq

dt 52
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DGLAP Evolution

DGLAP evolution equation

0D 4(z, 2 as (12 de )
(;TIE/J,%Mf) - Q(Wf) ?qu(f)Dl,q (g,[t%)
OMirq(z,17) _os(pf) [ dE .
81;]1;& o= 27rf ?Pc;Tq('f)Hng (@Mf)
Splitting function
14 &2

Pgy(€) = Pog(€) — Cr(1 — €) = C¢ C 20— - G-

(1=9¢)

The fragmentation function at initial scale po is Hi1,q(z, j13) = D1,q(z,13) = z(1 — 2).
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DGLAP Evolution

4= 100 GeV 5 ]
53
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We have neglected the gluon contribution to the DGLAP evolution of D;.

Positivity constrain always be satisfied.
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Summary

1. eTe~ annihilation spin correlation

N

. Helicity approach

w

. pp collision spin correlation

S~

. Fragmentation function DGLAP evolution
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Thank You!
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