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Single transverse-Spin Asymmetry (SSA)
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cannot be understood by the collinear parton model.

= Need extension of the framework for QCD hard process.
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Collinear twist-3 approach for SSA

* Multi-parton correlation in collinear factorization. (Pr ~ () > Aqcp)

p+p!
Ex.

“twist-3 distribution” “twist-3 fragmentation”
This talk

> SSA can be described in term of these correlation effects.




Twist-3 Fragmentation Function

No constraint from T-invariance

Er (21, 22) ~ Z<0\w\hX><hX|zEF!0>
X
T P, Ep(z1,20) = Re[Er (21, 22)] + ilm[Ep (21, 22)]

P P 11 bb] 13 7 - -
i = “Pole” and “Non-pole” contributions.

“Pole” contribution to SSA

11 1
Atpoles: = or —=0

Z1 Z2 <1,2

Ep(z,2) = Er(0,2) =0 = No contribution from poles.
(& Twist-3 distributions)

“Non-pole” contribution to SSA

SIDIS : Collins azimuthal asymmetry
PP—hX : Derivative term
All contribution in LC gauge

4 No formalism in covariant gauges.



Contents of this talk

“Non-pole” Contribution of Twist-3 Fragmentation Function

- Collinear twist-3 formalism in Feynman gauge.

- Cross section formula in SIDIS.




Kinematics for SIDIS
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Let’'s focus on Twist-3 FF effect in hadronic tensor
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Analysis of hadronic tensor

Factorize transversity hix)

dx
W,uy(pa q, Ph) — / ?h(x)wuv(xpa q, Ph)

\\

d'k .

/ o (AO(k)S(k)]

/d4]€1 d4]€2
(2m)* (2m)*

{Tr |20 (1, ko) S5 (Rr, Bo) | + (60 07}

(T [AD? (bt k) SE (s ho)] + (s 0 )"

/ d4]€1 d4k2
(2m)* (2m)*

wieo.  Matrix elements for fragmentation:

diagram A(O)(k) ~ Z<0MhX><hX|TZ!0>
X

AP (k1 k) ~ Y (09[R X) (R X |g A%|0)
X

AL (ky ko) ~ (0100 |hX) (hX |gA°|0)
X

Hard parts: S(k), ST (K1, ko), ST (K1, ko)

= These diagrams contain twist-3 FF effects.
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ldentification of twist-3 contributions

Collinear expansion:

S (k)

S(z) + ok |

.1.Qa6k5 T

aSL(kh k2)
81{? c.1

OSt(ky, ko)

k1, ko) = S*
S%(k1, ko) = S (21, 22) + okS ol

Qo‘ﬁkf +

Q% = g% 3 — Pywg  : Projection operator c.l. (collinear limit)

: P
pe to extract twist-3 effects )

kY = —h Qo kP 2
, s etc.

Ph°’w:1

By partial integration: % — —;9°
= produce derivative of field operators:
0%, 9P A~ etc.
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Twist-3 parts after collinear expansion

AP S (plylhX) (R X [PgF>~|0)
X

gauge-invariant

L
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- Some matrix elements are gauge-dependent.

AF ~ 3wl [hX )R X (9°)|0)

AP N7 (plp| X ) (h X [1hg A 0)
X

AS* ~ N7 (plg R X)X (%) g A~ |0)
X

- Can we recast the MEs into gauge-invariant form?
= Need relations among hard parts.
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Ward-Takahashi (Slavnhov-Taylor) identity

Relation between amplitudes: ;34:2 }h{é T :W/\//LL%

+(%1)><(

.
,
L4
*
4
4
N ’
Y

ki, (ke-k1): off-shell before collinear expansion T

No contribution
from ghost-like term
in tw3 accuracy.

Relation between hard parts:

(ky — k1)7SLo(ky, ky) = TS (k)

83La(k1,k2) o 1 SLa : .
TEE e 1/m— 1/ fice G13) = Let’s recast matrix elements.

aS ek k)| 1 a5 (k)
Okg,  ler 1)z —1/2 +ie OkS| lea

etc. 10
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Factorization property

Resultant formula

dz

w' 4 w® @ = 20° /—ImTr [Ag(z) O5k)

6ka c.l.

22

-207,

le dZ2P < 1

22 227 \1/z—1/7

) ImTr [Ag(zl, 29) S5 (21, 22)}

gauge-dependent terms construct

A
“(Aw) 41 ““(pw)| = 0% w, —oow 2
(derivative of) gauge-links: [D (Gw) + g/_m ApF (u )] 0% [Aw, —cow] + O(g”)

Matrix elements \’ ex.
83y(2) = 5 3 [ re™ Oll=o0m, O1(O)IAX) (X1 ()P, —oeu][0) D
%(75%%)6

2
dAdp _;jx ;L _ L
= ore e ME TR (0] cow, 0]¢(0) [ X))

Aoaw Py, é(z)

X (WX |1h; (Aw) [Mw, prw)g F*P (pw)wg [pw, —oow]|0)

é(z), Ep(#1, #2), ... :color gauge-invariant tw3 FFs.
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Cross section formula

d° Ao B Ozgm()ésMN Z AS /1 d_SC 1 d25 (
dﬂfbde2dedq%d¢dX N ].6772:ij QZ k=1, Rk Tmin L Y Zmin Q2

-,4,8,9

x Ze [ T {Imi<z)}A&;+Imé(z)A&g

+2/ dz’ {ImEAF(z’,z)A&i + ImEp(—2'

= Aik(¢ — x)

<bj
Zf Sk =sin(®g—x) for k=1, ..., — €os ¢ sinh 24
<

L 12
Sp = de—v)fork =89 cos 2¢ sinh” 1,
L= cosl®s ) for | — sin ¢ sinh 21

= sin 2¢ sinh? 7).

Five structure functions with different azimuthal dependence:

=sin®g (F1 + Facos ¢ + Fs cos2¢) + cos Pg (Fusin ¢ + Fssin 2¢) .
— sin(¢n — ¢s) ein(én—¢s) 4 sin(2¢n — ¢s) Fsin(2én—9s) 4 gin bs psinés
+sin(3¢n — ¢3) FsinB¢n—ds) | sin(én, + ég) FSin(qﬁh—l-qﬁs),

: The same as
TMD approach.
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summary

“Non-pole” Contribution of Twist-3 Fragmentation Functions to SSA

- We have established collinear twist-3 formalism in Feynman gauge.

Ward-Takahashi identity = MEs are combined into CGl one .

- Derivation of the cross section for SSA in SIDIS.

Contribution to five azimuthal asymmetries.

EIC would give an opportunity to determine these functions.




