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Collinear Expansion = Higher Twist Terms
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Collinear Expansion
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Collinear Expansion
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Collinear Expansion
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Collinear Expansion

Taylor Expansion
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Collinear Expansion
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Inclusive Process
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Collinear Expansion

Inclusive Process
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Collinear Expansion
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Gamma Matrices Expansion
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Collinear Expansion

Spin Density Matrix (Particle Rest Frame)
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Inclusive Process et +e — h + X

Inclusive Process
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Inclusive Process et +e — h + X

Lorentz Structures Up to Twist-3

Spin Independent 220 — p¥Dy(z)

2202 :MFiVSL}/DT(Z)
7207 = ) p*AD,; (2)+ MS$ AD4(z)

Spin Vector —(Doa e
i,
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Spin Tensor “ €] OLTy LT(Z)

=(Dpa — e (1) a
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2Z0Pe = iM e 5, E) (2)p
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Inclusive Process et +e — h + X

Leading twist fragmentation functions (possibility density)

D\(z) quark — ¢ hadron
ADlL(z) longitudinally polarized quark — longitudinally polarized hadron
D, (2) quark — LL polarized hadron

Twist-3 fragmentation functions

Vector Polarized Hadron Tensor Polarized Hadron

Dy(z), AD7(z) D;1(z), AD;1(2)
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Inclusive Process et +e — h + X

Gauge Invariant Hadronic Tensor
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{ (Cl uv+i";[6l‘uv>Dl(z)+/ll (deuv'i'“quuv)ADlL( )
spin-4 +2L [cl(g—2p/2) €1, S| +ic(q=2p/2)(, S0 Dr(2)

— 2 [fa=2p/2),S1 —ic] (4 =2p/2); qv,sJADT(n}

&

Cl(]duv—"_“ Eluv)[D + S0 D]+ A, (% w"‘i"f‘i,w) ADy;
L [clq—2p/2)ue Ly, ST +icl(q—2p/2),S 1| Dr(2)

= [cla=2p/2)uSirpy —icl(a=2p/2)1u€ 17, St 1 Dir(2)
[/ —2p/2), S0 — ic] (g —2p]2); «MSJADT()

L (el (a =20/ 2)ue gy Sy +ic0(a = 20/ 2117, ] ADLr (2)}

S
=
<
Il
NN
f—/\ﬁ
—+
—_

Spin-1

. zlazlazla

=
<

Shu-yi Wei (Shandong U.) Higher twist effects in et e annihilation at high energies 13



Inclusive Process et +e — h + X

Spin-0 Hadrons - ete™ — Z; — hX

2
i
x T8 )DI ™ (2).

DI~h(z) Z f TP T [ 01£T(0,00)fO) X YAX |H(ET)L(E,00)[0)]

Forete™ - y* — gq — hX,
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Inclusive Process et +e — h + X

Spin-1/2 Hadrons - ete™ — Z, — hX

Bo AR (o AD(2)4 A T, (y)AD
dzdy —)(7{[ 0(0)D;(z)+ A, Ty (y)ADy; (2)]
4M
+— [T () + T,0)AD ()1, 5.}
zQ 0
-2F { h
A P aty/s=100GeV
= -bF 1
¥, P, 0T ()ADY ™ (2) . P -
Pr(z,y)= 7 = gF = 3
>, TE0)DI™"(2) L —
_1;1. 3 5 4 2 0 2 4§ 8 1
Cos. 0

T . NPB, 1980, J.E. Augustin, F.M. Renard
Pq: Longitudinal polarization of quark ugustin enar

ADf;h(z): Longitudinally polarized quark — Longitudinally polarized hadron
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Inclusive Process et +e — h + X

Spin-1/2 Hadrons - ete™ — Z, — hX

d’o 2ra?
Tty =1 g [BOP+ AT 0)AD, (2]
4M
+ﬁ [Tz(y)Dr(Z)eljsl + T3(y)AD1(2)], - S, ] }

4 X, T 0)ADI(2)

P x(z)y): —

h zQ Zq Toq(y)Df%h(z)
T4 g—h

Phy(Z,y):ﬂZq 5, (0)D7 7 (2)

2Q3, TI(5)DI(2)

Pq: Longitudinal polarization of quark

ADf;h(z): Longitudinally polarized quark — Longitudinally polarized hadron
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Inclusive Process et +e — h + X

Spin-1/2 Hadrons - e*e™ — y* — hX

doem  2ma’e?

aM
dzdy ~ T{A(y IDi(z)+ Z_QZB(y)DT(Z)GIfSJ‘ 3

Ppy(z,y)=0 Pp(2,y)=0

L =1 - 2y) Zge2Df " (2)
Z,9)=—
BT A 5, e )
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Inclusive Process et +e — h + X

Spin-1 Hadrons - ete™ — Z; — hX

do 2ra?

o

{ [To()Dy(2) + To(9)S1 1 Dy (2) + ATy (9)ADy (2)]
M
+g7 [BOWL Dy + T0M. - $1.AD7 (2]

4M
+ o7 [T Ser D)+ T,0)e -7 AD ()] }

Spin alignment

—h
12, t4DI ' (2)

1

Poo= 3
3 3 q7yq9—h
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Inclusive Process et +e — h + X

p(770)"
p(770)"
®(782)
K'(892)°
K'(892)"
K'(892)
$(1020)
$(1020)

D'(2010)

o— OPAL 0.3<x<0.6

; = DELPHI x>0.3
E OPAL 0.3<x<0.6
E — OPAL x>0.7
i —— OPAL 0.3<x<0.5
: —O0— DELPHI x>0.4

JAD,;(z)]

DELPHI Data for £*°

0.1~03 0.3340.05
z>03 0.41 £ 0.07
z2>04 0.46 £ 0.08
2205 0.47 £ 0.10

PLB (1997) DELPHI

: —— OPAL x>0.7
—— DELPHI x>0.7
| . OPAL ¢—D’

S le OPAL
—0— ALEPH
| Eur. Phys. J. C (2000) OPAL
—— DELPHI
P Hr N [ Y RN N (S TN TR T [N SRR S SR MY S |
0.2 0.4 0.6 0.8 1

Helicity matrix element p,
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Inclusive Process et +e — h + X

Spin-1 Hadrons - ete™ — y* — hX

2
1 {A(J’) [Dy(2)+S11D111(2)]

dotm  2ma’e

o
M = =
+-5 VI A=0BO)[ILsing,Dr(2) = Syr|cosehir Dir ()] -

Spin alignment

—h
o 1 1X,eD](2)
0TI T T
333, e )
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Semi-inclusive Process e™ +e — h + q + X

Semi-inclusive Process

~ 1 N 1 N N
WL?/) = ETY [hg}’a} Z(O)Q(ZB’PaS’/ej_)"‘ zTr [hi?375Ya:| :(O)Q(ZB’P>S’]€1)
1
pq

o 1 N
ary _ _ (1) o' = A
% Tr |:h ;/a] Wl B (zps p>S, k) 7

L(De o/ 2(1) /
44 4Pq 144 Tr |:h y5}/aj| “)p _‘P/ (ZB9P:S)kl)

v

=0ty 5= 3 [ LT e
X T
Trly*(01£7(0, 00) () INX){hX|(E)L(E, 00)[0)]
+tdE-d? bre
E;1>a(z)kl’p’s):;J : in’ 51—_67,/@ STk €y

Tr[y*(01£(0, 000D, () (O)hX)(BX| ()L (&, 00)]0)]
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Semi-inclusive Process e™ +e — h + q + X

New Lorentz Structures up to twist-3

(O)(Z ki, p)=ki, Dtz k)
(Z kisp)=€lak, ADL(Z ky)
(Z kip)=pakL, 5 J(z,k))

Z~pa(z)/€p )_lpzzflp/ei(s Jz,ky)

Spin Independent

O EkLVJ‘ AJ_ EkJ‘SJ‘ AJ_ AJ_

=0) — L L

220 = p, 4D + ki, =Dy + Aye 1 Df
’m&

2O = p, MALADL + L ADE+ Ak, AD)

kls

=(1) — ¢ (HL

Z‘—‘fgla),_pa [klp lM 5T +/1}JFJ_F]QL§L ]
kLS|

= . € 2(1)L s(1)L

Z:S[g:zpa[LTelpkLg;> +’1hklp§L() ]

Spin Vector
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Semi-inclusive Process e™ +e — h + q + X

New Lorentz Structures (Spin Tensor)

8
=0 =), Sirky Lpl kLVkMSTTDJ_

« I wr T 12 \TT
5
R kS ki kisSTo
n LT AL ¥ TT AL
k1S DY ki, LD +STTa,6kf T kLaTDT%
MSIT PN
1 UHV L8211 AL
—Pa ADILT e 1ITT
NI SLT L kerwsﬁ ALC By ;LA
+‘La/q_ SLLADLL+ AD MZ ADTT +€LaﬂSTTkJ_yADTT
k-S ki kyisST
=(1) _ 1 L "OLT 1 Brla Y TT
220 =p, [k Sua s + ki, = Eir + Srropk €1 + ki —— T ERS <]
2(1) o a g1 21 By £l4 kirklﬁsﬁ g1C
Z:pa :lp [ekalSLLfLL +Elpklkl 'SLT ELT +EJ~P/BSTT]€J-}/£TT +El,0kL —Mz T :|
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Semi-inclusive Process e™ +e — h + q + X

New leading twist fragmentation functions (possibility density)

ZA)IJ'T(Z, kJ_) quark — transversely polarized hadron
ADllT(z,/eJ_) longitudinally polarized quark — transversely polarized hadron

AL _
DILT<Z’/€-L> quark — LT polarized hadron

ADllLT(Z’/eJ_) longitudinally polarized quark — LT polarized hadron

AL _
DITT(Z,/eJ_) quark — TT polarized hadron

ADL

1TT(Z’/€l) longitudinally polarized quark — TT polarized hadron

New Twist-3 fragmentation functions

unpolarized hadron: 2; polarization vector: 4; polarization tensor: 8;
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Semi-inclusive Process e™ +e — h + q + X

Spin-0 Hadrons - ete™ — Zy, - h+q+X

da.(si,unp) aZZ

dydzd%]  27Q?

{ToDiek)+ =
[T, -k, DYz k) + T;(y)elfkiADi(z,ki)] }

Azimuthal Asymmetries,

ACOSY — e =
unp q NG 1 —
2Q 3 TI(y)D] E

Asin(p :2|ki| Zq T3q(y)Aqu_)b /

n A ag—h
TP 2Q y T(y)D!

2k | X, T (y)Dab )*
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Semi-inclusive Process e™ +e — h + q + X

Spin-0 Hadrons - ete™ — y* —>h+q+X

da(si,unp,em) 12282 , 4ZJ_ . ki . /
ddedzk/ 2 Qz {A(J’) (Z’kl)+ B(y)D (Z’kl)}

Azimuthal Asymmetries,

2|/e | Bo)X, 2D (2,k))

Aamin )= R o, DT k)

unp,em

ASR? (2,5, )=0

unp,em

Shu-yi Wei (Shandong U.) Higher twist effects in et e annihilation at high energies 24



Semi-inclusive Process e™ +e — h + q + X

Spin-1/2 Hadrons - ete™ — Z, - h+q+ X

do(b1/2) d o (sbunp) d o (s:Vpol)
= ar
dydzdzle/l dydzdzki dydzdzki

doshVpol) aly E’FSL
e =—{TI0)
dydzd*k| 2mQ M

(2 k) + T [A,AD (2, k] )+

—”Z[T;( LDk )+ T, -k ADE (2, k)]
4¢ iSL
zMQ2

~ 1k
[T10)lL k| Dy (z,k)+ T (y)e |+ AD3(2,k' )]

4M s R
+ @ (BN Dr(a k) + T )L, -5, ADr (k)] 3
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Semi-inclusive Process e™ +e — h + q + X

Polarization

DY Toq(y)Pq(y)AblL(z,ki)
PLh(y>Z»/€J_)= 7 i /
2, Ty 0)Di(2,k))
|/<t;/ | Z TQ(y)ﬁJ_ (Z,k’)
Py, 2,k ) =~ quoq—ﬂ'/i
2, Ty 0)Dy(2,k) )
Pyp(y,2,k)) kL | X, P,0) T3 ()ADY 2.k )
he\)s 2, == .
: il M >, T 0D, (2,k)
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Semi-inclusive Process e™ +e — h + q + X

Polarization

T Ab Z,k/ ~
2o O OIBDER) 1y 2 Ay, o,k
>, T20)D,(z.k)) Q
+ 2, [0k D) - Tk AD e k)]
zQ 2 Toq(y)bl(z’ki)

PLh(%Z»ki)z

IFL 3 T 0)D (2. k)

P ) »k/ == ~
(95 2 J_) M ZqToq(y)Dl(Z’ki)

Pk ) | 3, P,0) T ()ADE (2,k])
hi s 4y —_ T ~
STV M s TI0)D(2.k))
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Semi-inclusive Process e™ +e — h + q + X

Spin-1/2 Hadrons - eTe™ — y* > h+q+ X

si,Vpol,em 2,2 kisl
d o GiVp ): a’e; {A(y)ﬁ‘ ﬁllT(Z,ki)
dydzdzk/ 27Q? M

4B(y)

Lk kS ~ ! a
e [A,Me LD (2, k) )+ illJ_~kiD%(z,ki)+MzejSlDT(z,/ei):|}

Polarization (Leading Twist)

k/|2 ZDi(zk')
(0)(em) /'y _ p(0)(em) I _ (0)(em) / |

P ,z,k')=P ,z,k')=0, P ,z,k — =
Lh (y l) ht (y L) hn (y l) M Z B Dl(z k/)

Twist-3

4 80) 2y DLk

(em) /N
PV (y,z,k )=
Lh T 2Q AQ) Pl quDl(z,/ei)
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Semi-inclusive Process e™ +e — h + q + X

Spin-1 Hadrons - ete™ - Z, - h+q+X

d(T(Si’1) da(si,unp) da.(si,Vpol) do.(si,Tpol)
= + +
dydzd?F  dydzd?F " dydzd®k| | dydzd’F,
dU(si,Tpol) d o (bLL) d o (5LLT) do6HTT)

= -+ -+
dydzdzlei alyalzdzle/l alyalzdz/e/l dyalzdzle/l

azg( N 4 o Ik A
[LL] = WSLL{T;@)DML(Z,%H e (77 ()1 - k)DL, (2, k) + T;(y)gf LADL (2,k))] }

Spin Alignment

1 1, TYODy(zk) M, ,
== — = = 1+ —=A ’ ’k
=33 SR [ 3 (2 J_):|
8 S [FEOWDL 0o~ TR AD 4, ))]
5 2QX, T (D (2.k)) '
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Semi-inclusive Process e™ +e — h + q + X

(ZZ /€/ a A 6L/e/ar A~
[LT Terms] = WSZT{TO%/)ﬁDL (2,k])+ T ()= = AD; (2, k))

1LT

/

4 ko .
+ g O R Dy (oo )+ ML Dy (2]

4 L R .
+—T(y) er L#AD[J:T(Z’ki)+M(LlaADLT(Z’ki):|}

/
eLk/akiﬁ ~
- 1 /
—MZ ADITT(Z’kJ_)

M2 DILTT(Z’kj_)_’_ ')

/ /
la™ 18 A ~
L DG k) Lk DFH )]

STIO) [y k)

4 l k k/ k/
"Ll
+—Tq(y)|:ff L > A

ZQZ 3

ADFE (2, ) )+ €11, k] ;ADFA(2, k)] |
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Summary

Inclusive ete™ — Zy > h+ X

@ There is a leading twist longitudinal polarization for spin-1/2 hadrons and also
spin alignment (0 7é 1/3) for vector mesons.

@ On the twist-3 level, there are transverse polarizations for spin-1/2 hadrons that
in and perpendicular to the leptonic plane.

Semi-inclusive ete™ — Z, > h+g(jet)+ X

@ For spin-0 hadrons, there are two azimuthal asymmetries on twist-3 level.

@ For spin-1/2 hadrons, there is a longitudinal polarization and also transverse
polarizations that in and transverse to the production plane on the leading twist.

@ For vector mesons, all five tensor polarizations have leading twist contributions.
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Thanks for your attention!
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