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PURPOSE OF THIS TALK

We have calculated the twist-3 gluon FF contribution to
ep — eATX,
which is relevant for the future EIC experiment.
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INTRODUCTION

® Hyperon polarization in pp collision

A Polarization
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Reprint from [L. Zuo-Tang, C. Boros, PRL79(1997)]
Data from [A. M. Smith et al, PLB185(1987)],
[B. Lundberg et al, PRD40(1989)] , [E. J. Ramberg et al, PLB338(1994)].




INTRODUCTION

® Collinear factorization framework of perturbative QCD.
e Twist-3 complete LO cross sectioncon for pp — ATX has
been already derived.

Twist-3 unpolarized PDF in the initial proton

[Y. Kanazawa, Y. Koike, PRD64(2001)]
[J. Zhou, F. Yuan, Z. T. Liang, PRD78(2008)]

[Y. Koike, K. Yabe, S. Yoshida, PRD92(2015)]
B Twist-3 quark FF for the final hyperon
[Y. Koike, A. Metz, D. Pitonyak, K. Yabe, S. Yoshida, PRD95(2017)]

Twist-3 gluon FF for the final hyperon
[Y. Koike, K. Yabe, S. Yoshida, [arXiv:2107.03113], PRD in press]
[RI, Y. Koike, K. Yabe, S. Yoshida, in preparation, (Concise derivation of the
formalism and cancellation of ghost terms.)]

¢ We applied the formalism of C to ep — eATX.

e Chiral-even twist-3 quark (B) and gluon (C) FFs mix
under renormalization. Both need to be included.




INTRODUCTION

QCD factorization for SIDIS: p(p) +v*(q) — AT(P,) + X
P, b

¢ Distribution fn. f(z)  with momentum fraction z
® Hard parts 6(x,2,Q) Perturbative parton interaction
® Fragmentation fn. I'(z)  with momentum fraction z

Convolution with respect to momentum fractions z and z.

Cross section (hadronic tensor) o ~ f(z) ® 6(z, z,Q) @ ['(2)




INTRODUCTION

3 types of the twist-3 contributions to ep — eATX:

twist-3 unpolarized PDF @ Twist-2 transversity FF compLeTeD)
[Y. Koike, S. Usui, K. Yabe, S. Yoshida, in preparation]

B twist-2 unpolarized PDF ® Twist-3 quark FF (compLeTED]
[Y. Koike, K. Takada, K. Yabe, S. Yoshida, in preparation]
formalism by [K. Kanazawa, Y. Koike, PRD88(2013)] for ep! — er X

twist-2 unpolarized PDF ® Twist-3 gluon FF [THIS WORK]
[RI, Y. Koike, K. Yabe, S. Yoshida, in preparation]




KINEMATICS

Hadron frame  e(¢) + p(p) — €'(7) +AT(13)
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KINEMATICS

® The cross section decribed by 5 Lorentz invarinats

dbo
dzy;dQ?dzpdgidgdx
Leptonic tensor Hadronic tensor
= s o) [ @R
= 1287r4xng§pQ2 y . 1 pa\TP, 4, I'h

Twist-2 PDF
where LP7 = 2((P0'7 + (7('P) — Q?gH

® w,, consists of FFs and hard parts.

e Calculation of w,, is essential.




HADRONIC TENSOR
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w(® and w(®) are of mirror of w®) and w(? respectively.




HADRONIC TENSOR

Definition of Fragmentation matrix elements

NOT color gauge invariant. (mirror diagrams also considered)
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HADRONIC TENSOR

e Collinear expansion with respect to k and k' around Py:

ko= PRz 4+ Q%kP K = PY/2 +Q%kP
where Q%; = g§ — Plwg
e Ward-Takahashi identity for the hard parts:

k“Sﬂf’,(k) =0,

s rabe
kuSLabc(k k‘) f 5(1 S)\’b’(k)

HUA N2 _
KV SEC(k, k) =0
K SLabc % _lfabc 5a Sa’b’
(K = ISR e, ) = S5 ()

(k — k)*SXe(k, k') = 0

After very lengthy calculation ......




HADRONIC TENSOR

Color gauge invariant FFs
1 "
Wpe = QO‘MQBV/d (z) 22DH(2) Sup.po (1/2)
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TWIST-3 GLUON FF

® [ntrinsic FF

Pf(z) = Z/ e~ IM 20 [oow o]Fwﬁ(o)) AT (ATX| (Y% (w) [Aw, cow]) , 0)

= MhePthl{awB}AGyf(z) + -
ANNNN-

® Kinematical FF

5P = Z/ e M2 [oow O]FwB(O)) [ATX) (ATX | (P (w)[Aw, cow]) 10y
M, N M, ; N
_ —iThngePh"“SLWG}I)(z) = 1?" (EPthL{agﬁ}'y + EPhW{"‘sf}) AH}”(.:) ..
AN\N- ANNN\NNNS

where [A\w, cow]
gauge link in the adjoint representation connecting Aw and cow.

® NOT gluon field A, BUT strength tensor F3".

® w,, is color gauge invariant in O(g) accuracy.




TWIST-3 GLUON FF

® Dynamical FF
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TWIST-3 GLUON FF
e Twist-3 gluon FFs contributing to ep — eATX
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® Exact relations between FFs from QCD equation of motion
and Lorentz invariance

[Y. Koike, K. Yabe and S. Yoshida, PRD 101 (2020)]
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HARD PARTS










CROSS SECTION

dSo
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CROSS SECTION

dbo
dxbde2dedq%d¢dx Twist-3 gluon FFs
¢%, ARD
Nzﬂfk ) filz) ®9 SN, SO; ¢ ® {&k}
SDpp, SG
Twist-2 PDF e o ard Darts
p=¢—X
W,: azimuthal angle of S|
Y
&% depend on #, 2, Qand g7,
~ ~ — hadron plane
where & = ap; /%, 2 = 25/ 2. P,

), and Sy, are defined
in the next slide

S




CROSS SECTION

~ Angle dependencies

2, (¢) = 14 cosh? 1), h(p) = —2

3(p) = — cos psinh 29, 2y(p) = cos 2psinh? 1)
R(p) = —sin @ sinh 21, () = sin 2p sinh? ¢
[R. Meng, F. I. Olness and D. E. Soper, NPB371 (1992)]

cosh ) = 2247 Se,/Q% — 1

Si234 =sin Wy, Sg g = cos V.

® 5 structure functions
dSo
dxy;dQ2dz pdgidedy
= Fo(sin W) + Fy(sin U, cos ) + Fy(sin ¥y cos 2¢p)
+ F3(cos Wysing) + Fy(cos W sin 2¢)




CONCLUSION

® We have derived the cross-section formula (O(as)) of
ep — eATX process related to the twist-3 gluon
fragmentation functions in the collinear framework.

Twist-3 distribution effect [COMPLETED]
B Twist-3 quark fragmentation effect [COMPLETED]
Twist-3 gluon fragmentation effect [THIS WORK]

® Twist-3 gluon FF contribution could play an important role,
since gluons are ample in the collision environment.

e Satisfying EM and color gauge invariances.

® (lassified into 5 structure functions.

Future outlook
® Numerical estimate of each effect.

® Inclusion of the NLO correction, O(a?2).

*NLO contribution has large correction for other unpolarized cross section
[Hinderer,Schlegel, Vogelsang PRD92(2015),erratum[PRD93(2016)]]
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