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Introduction

» Structure Functions b; 4
» Deuteron b,
> Tensor Structure Puzzle




Structure Functions (SFs) b, 4 !

Charged—lepton DIS, P. Hoodbhoy, R. L. Jaffe, A. Manohar, NPB 312 (1989) 571
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Deuteron b, H
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Tensor Structure Puzzle

COnVOI.UtiOn mOdel. W. Cosyn, Y.-B. Dong, S. Kumano, M. Sargsian, PRD 95 (2017) 074036
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0.004 indicate that these standard theoretical predications are

0.003. - {HERMES much different from the HERMES measurements. Fur-

o thermore, significantly large distributions are predicted,

0.0024 } at large z (z > 0.8) and even at extremely large =

S + D 0.001 ] (z > 1). Since our results are very different from the
xb. 0 ~ HERMES measurement, new hadronic mechanisms could

waves 1 be needed for interpreting the data although there is still
-.001y 0 0210 GeV?2 some room to improve the differences due to the higher-

-0.0021 % 02=2.5 GeV?2 twist effects and the experimental extraction of b; from

"""" 0?=50 GeV? A,,. The HERMES data have large uncertainties; how-

'0‘0030 02 04 06 08 1 127 14 ever, upcoming JLab experimental measurements will

X improve on the size of the errors. In addition, there are

Purpose of this study
A quantitative estimate of twist-3




Theoretical Framework

> Collinear PDFs
> Twist-2 Relations
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|Twist—2 Relations n

Twist-3 functions = Twist-2 contributions + Pure twist-3 functions

e.g., Vector-polarized SF
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92 = 92 t9,
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Similar relations exist for tensor-polarized PDFs f4;; and f.r




Twist-2 Relations

The n-th moment of a non-local matrix element
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TWI St_ 2 Re I-at I On S S. Kumano, K. Kuroki, arXiv:2605.00430
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Twist-3 f,r contains twist-2 contribution a,



Twist-2 Relations

S. Kumano, K. Kuroki, arXiv:2605.00430
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TWI St_ 2 Re I-at I On S S. Kumano, K. Kuroki, arXiv:2605.00430

By integrating WW-like relation over x,

BC-like sum rule
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1
f dx fziL;EWISt_Z(X) =0
0

1 1 _ 1 3 (1
— HT HT
| dx it = [ ax it + | ax g0 = 5 [ dn i e
0 0 0 0

Experimental sum verification

\
Pure twist-3 4



Numerical Results

> Phenomenological Twist-2 Distribution

> __WiSt_Z DD: flLL

> _W|St_3 DD:fLT
> Twist-3 Effects on SFs




Phenomenological Twist-2 Distribution H
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Twi St- 2 PDF flLL S. Kumano, K. Kuroki, PLB 875 (2026) 140348 n
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I TW|St_3 PDF fLT S. Kumano, K. Kuroki, PLB 875 (2026) 140348 H

Twist-2 relation (WW approximation) of i A
3 24 Fa— ]
7T = AT = S f 7y ) ::::\/
X . x L
Twist- 3 fLT of deuteron
“e=2see . @ Negative at x S 0.1
e Positive atx = 0.1
~ ® Magnitude ~ 0(1073)
ol About the same as twist-2 fy,;
sum rule R
quL/TD+( ) q/D+( ) fquéD-l_(x) i"’-—-—-‘ /\\/ _
f dx 26241" D+(x) =0 :::m



Twist-3 Effects on SFs n

SFs in terms of PDFS up to twist-3

J. Zhao, A. Bacchetta, S. Kumano, T. Liu, Y.-J. Zhou, JHEP 12 (2025) 067
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SFs of Other Convention n
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|Summary n

Numerical estimate of twist-3 tensor-polarization

Phenomenological twist-2 f,;;, < HERMES b, data

WW-like twist-2 relation

TW|St_3 fLT

Magnitude of twist-3 f,; Is the same as twist-2 f;;
- Significant contribution to SF b,

Also accessible through
B SIDIS J. Zhao, A. Bacchetta, S. Kumano, T. Liu, Y.-J. Zhou, JHEP 12 (2025) 067
B Drell-Yan s.-Y. Qiao, Q.-T. Song, PRD 111 (2025) 054026
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Twist-3 Contribution in SIDIS ﬂ

J. Zhao, A. Bacchetta, S. Kumano, T. Liu, Y.-J. Zhou, JHEP 12 (2025) 067
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Twist-3 Contribution in Drell-Yan ﬂ

S.-Y. Qiao, Q.-T. Song, PRD 111 (2025) 054026
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QCD Evolution

P. Hoodbhoy, R. L. Jaffe, A. Manohar, NPB 312 (1989) 571

the same as for electroproduction off nucleons. In particular, the anomalous dimensions of the
operators Oy, 4 and the coefficient functions C (133) are the standard ones. Thus the moments
of Fy and F and ¢, have the same anomalous dimensions as for a spin-1/2 target. Since b;.
b2 are obtained from the same operator tower as Fy, F;, they obey the same scaling equations
as F, and F;. The anomalous dimensions of the moments of g, are determined by axial vector
operators of twist-3, and of those of b3 and b4 by vector operators of twist-4.

S. Kumano, Q.-T. Song, PRD 94 (2016) 054022
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