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Total twist-3 contribution can be written in a gauge-invariant way:
. P, Eguchi, Koike, Tanaka, NPB763 ('07) 198

0S, (k. k,)p’ P
oks,

ki =X p

(~) |
R Gr (Xl’ Xz) ey D(Z)

do™” ~ e“p”SLfdxldxzdzTr

f fd,u I)\XleIC(Xz X1)<pS |¢(0)g|:'“+(<n)¢()\n)| pS >
TG (%, X)+'M4 %P Gr (4, %,)

lo

S_(ki,k,) in Feynman gauge calculation

) OSolhr. k)" 9, (ky, ka)p”
Ok himzip 0k kimip
Ward Identity:
0S5 (K1, k2)p?
(2) (xg —x1) (811%:‘3‘ 2)P + So(x1p, z2p) =0
2 ki=x;p




Kinematics for e(f) + p(p) = e({') + n(Pp) + X
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Sep=(L+p)?, q=L—U, zpj =55, zp = LD
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Relevant diagrams for SGP
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Master Formula Koike, Tanaka, PLB646 ('07) 232; 668 ('08) 458(E)
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Relevant diagrams for SFP & HP
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new partonic subprocesses for HP
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Complete twist-3 SSA for ep? — enr X (EKT’07 and updates # 1 & 2)
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Small P, ; behavior: connection with TMD approach
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- tw3 fragmentation

SE'P contribution is suppressed in all azimuthal structures,
but new HP contribution (HPn) survives!



Making contact with TMD factorization approach
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Making contact with TMD factorization approach

high B, : twist-3 mechanism low P, : TmMD distribution
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Making contact with TMD factorization approach

high P : twist-3 mechanism low P, : TmMD distribution
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Esin(en+ds) My o [SGP HPn] P® TMD-Collins
- tw3 fragmentation

SE'P contribution is suppressed in all azimuthal structures,
but new HP contribution (HPn) survives!



Making contact with TMD factorization approach
high B, ¢ twist-3 mechanism low P, : TmMD distribution
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x Inclusive DIS limit

-There is no SSA in inclusive DIS (Christ-Lee(’66)). Consistent?



Relevant diagrams for SGP
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Master Formula Koike, Tanaka, PLB646 ('07) 232; 668 ('08) 458(E)

twist-2 hard part

: 1
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new partonic subprocesses for SFP

Wi apns 0S,_ (k,k,)p°’ (~)
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5-SFP (q@—m)= _&SFP (g — )
+008(9), — )| sin(@,) + 05" sin(24, )



Relevant diagrams for SFP & HP
0S, (k.. K,)p’
okS,

do™ ~ P f dx,dx,dzTr
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ok?

(% =) +8,(Xp, %,p) =0

Dq(z): o
N
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+mirror diagrams

sin(o, —gbs)[altWB + 03" cos(e, ) + o™ Cos(2¢h)] O_;W&HP _ O_;[lw?,,HP
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new partonic subprocesses for HP
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Summary

update of twist-3 SSA for ep’ — er X associated with twist-3 quark-gluon
correlation functions Gp(z1,z2) and G r(r1,T2)

Five structure functions with different azimuthal-dependence contribute
( ™~~~ TMD factorization approach)

5 _tw3
d°o

szdwbj dzf dPgJ_ dth

— Sll’l(qf)h . Gf)S) [o_tw3 tw3 cos(gb ) 4 O,tw3 COS(2¢h)]

+008(¢, — ¢s)| 04" 8in(@,) + 05" sin(24,)|

Not only qg final states, but also qqbar final states
new SFP & HP contributions

Small P, behavior Aqgp <F. <Q

SFP contribution is subleading in all azimuthal structures
(new) HP contribution is leading in most azimuthal structures, e.g. in

that for the Sivers asymmetry  connection with TMD approach
quantitative roles ?

Twist-3 single-spin dep. cross section vanishes in inclusive DIS limit
cancellation of final-state interations
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