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Introduction :

Vector Meson (18 leading twist FFs)
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Collinear Expansion §
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Collinear Expansion

1D Correlation Matrices
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Collinear Expansion
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Inclusive Process et+e— — h+X

Inclusive Process & 1D Correlation Matrices
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Inclusive Process et+e— — h+X

Up to Twist-3
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Inclusive Process et+e— — h+X

Leading Twist FF's
D1 (2) Unpolarized quark > Unpolarized hadron
ADr(2) Polarized quark > Polarized hadron
Dipr() Unpolarized quark > Spin alignment
Twist-3 FFs
S1 dependent T dependent
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Inclusive Process et+e— — h+X

Light-cone gauge: A" ({)=0 =)  Gauge Link = 1
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Inclusive Process et+e— — h+X
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Inclusive Process et+e— — h+X
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Inclusive Process et+e— — h+X

Spin-1/2 hadrons, e +e—> 2> h + X
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Inclusive Process et+e— — h+X

Spin-1/2 hadrons, e +e—> 2> h + X
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Inclusive Process et+e— — h+X
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Inclusive Process et+e— — h+X

Spin-1/2 hadrons, e +e—> 2> h + X
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Power Suppressed by M/QO
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Inclusive Process et+e— — h+X

Spin-1/2 hadrons, e+ e—y" > h + X
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Inclusive Process et+e— — h+X

Spin-1 hadrons,e* +e—> 2> h + X

do 2
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Inclusive Process et+e— — h+X
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Inclusive Process et+e— — h+X

Spin-1 hadrons, e+ e —>y"—> h + X

e 27’(‘()426(2]
dzdy Q2
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Semi-inclusive Process et+e¢~ — h+jet+X

Semi-inclusive Process & 3D Correlation Matrices
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Semi-inclusive Process et+e¢~ — h+jet+X

New Structures up to Twist-3

et )(Za ki,p) =kiaD*(2, k1)
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= 1
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=(1 , ~
Z‘:‘)ga? (27 kJ_ap) — 1Pa€ 1 pk | 5_)(2, ]CJ_)
LS A LSy L _
ZE((XO) — Pa L]\4 DiLT +kl1a L]\4 D%‘ + Ahe_LOékJ_Di_
~ ~ k| S " .
9 devend EO = p ESLADL 4 S e ADE 4 Ak o ADE
1 dependent _ LIR-N
P 2= = pa {lﬂp L ;DL n )\hqphfgp]

— : Lol e ~(1)L
Z:,(ola) — 1Pa {—LM €1 pk | gpl)J_ + )\h]ﬂ_pgg) }
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Semi-inclusive Process et+e¢~ — h+jet+X

T dependent
= Srpr -kl - kL /Q(;S
= =p, Vi Dipr + pa VMQ 0 D
. ki -S ki ko sSTS
tkiaSLLDE k0 — MLT Dip + Srragh® DEA + k) o —2 ]\;g IT f3LC
k1 SLT
~ € €1k, ~K15ST
Z:&O) —Po J_M ADlLT + Pa J_?w2 TT ADiLTT
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Semi-inclusive Process et+e¢~ — h+jet+X

New Leading Twist FFs
DL (2 k) Unpolerimed quads = Silhadren
ADE (k1) L mollsmed quars = Si hadkon
Dirr(z, k1) Unpolarized quark — LT hadron
ADipp(z k1) L polarized quark — LT hadron
Dirr(z, k1) Unpolatized quark — TT hadron
ADirr(z, k1) L polarized quark — TT hadron

New Twist-3 FFEs

unpolarized: 2 S1 dependent: 4 T dependent: 8
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Semi-inclusive Process et+e~ — h+jet+X

Spin-0 hadrons, et + e — 2V — h Hjet+ X

do.(si,unp) a’y

T(y) D1 (2, k) + —
dydz=d2k, 277@2{ (W) D1z, kL) + 2Q?
(T8 (y)le - Ky D (2, k) + T (y)e ™ ADH (2, k)] }

Leptonic Plane

ine _ 2R 2, T (W)ADY
1 o 2Q Zng(y)ﬁl

ACOS P

unp ZQ Zng(y)

Collinear Frame: Hadron - z, lepton - xoz
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Semi-inclusive Process et+e~ — h+jet+X

Spin-0 hadrons, e + e — y" — h tjet+ X

do.(si,unp,em) 04262

= —2L 2 A(y)D1(z, K’
dyd=d?k', 277@2{ W)Da(z k) +

41, - k
2()?

LBy D" (=, k)

Azimuthal Asymmetries

2|k, | By) X, ea D17 (2, k)
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q 4

AL (Zayvkﬁ_) —

unp,em
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Semi-inclusive Process et+e~ — h+jet+X

Spin-1/2 hadrons, e* + e — 20— h +jet+ X

2 e A §
do.(si,Vpol) 2 k' S

dydzd?k|,

K, -S.

Dir(z, k) + T (y) [MAD1L (2, k) + ADi7(z, k)]

M M
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b ) D, ) + )L 52 ADr (2, K]
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Semi-inclusive Process et+e¢~ — h+jet+X

Spin-1 hadrons, et + e — 20— h +jet+ X

Leading Twist

do.(si,Tpol) 02 . /
- 2 {Tg(y)SLLDlLL(Za k')

dzdyd?k',  2mQ?

Spin alignment

ST
STT
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Semi-inclusive Process et+e¢~ — h+jet+X

Spin-1 hadrons, et + e — 20— h +jet+ X

Spin alignment

(4 2) = > o 1o (y)D1rL(2) S5 (2 K ) = > o 10 (y)D1rr(z, k)
L S Sy Tew)Di(z) R P T 9y T (y)Di(=, k)
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Semi-inclusive Process et+e¢~ — h+jet+X

Spin-1 hadrons, et + e — 20— h +jet+ X

Spin alignment

S0 (. 2) = > o 1o (y)D1rL(2) S5 (oK) = > o 10 (y)D1rr(z, k)
B 2>, 16 (y)D1(2) PR 2 S T (y)Da(z, K, )
Srr and Str
6o p) = RIS POTWADELGE) o S TP (k)
PSSR T TS T T () Da (=, K LTS B T T TS T (9)Da (= )
STt (g2 K ) = — 21k |2 2o Pa(y)T5 () ADipr (2, k) ) S (o k) — 21k 12 32, Td () Dipp (2, K
TSR T e Y T () Da (=, k) T B = T S T (y) Da (=, )
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Semi-inclusive Process et+e~ — h+jet+X

Spin-1 hadrons, e® + e=— 20— h +jett+ X

Spin alignment

> 1o (¥)D1rL(2) - > o To (W) D1rr(2, k) )

St (y, 2) = Qing(y)Dl(z) St (y, 2, k) = 2> Ti(y)D1(z, k)

Srr and STt

2|l-€ | 220 T6 (W) Digr(z, k)
M 32,15 (y) D1 (2, K, )

Q\k 25, 76 (v) Digr(z, k)

SZT(ya 2 kﬁ_) —

Str(y, 2,k ) =

3M? Z (y)Dl(Z7kﬁ_)
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Summary

By applying collinear expansion to both inclusive and semi-inclusive ete~ annihilation
processes, we have constructed a framework at leading order pQCD to study the leading
twist and higher twist contributions for hadrons with different spins systematically.

We made a complete calculation for the azimuthal asymmetries and polarizations of
hadrons 1n terms of corresponding gauge 1mvariant fragmentation functions up to twist-3.

Our results provide a basis to study the fragmentation functions in ete~ annihilation
experiments.
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By applying collinear expansion to both inclusive and semi-inclusive ete~ annihilation
processes, we have constructed a framework at leading order pQCD to study the leading
twist and higher twist contributions for hadrons with different spins systematically.

We made a complete calculation for the azimuthal asymmetries and polarizations of
hadrons 1n terms of corresponding gauge 1mvariant fragmentation functions up to twist-3.

Our results provide a basis to study the fragmentation functions in ete~ annihilation
experiments.

Thanks for your attention!
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THE END



