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Semi-inclusive e ¢~ Annihilation

Factorization: eTe” 5 hX

h

* large momentum scale O » Aqcp as a short-distance probe

e approximate the cross section: ¢ ~ H(Q) @ DZ]’ (z, 1)

» overall corrections suppressed by 1/0"
* the emergence of color neutral hadrons from quarks/gluons
* predictive power relies on

— the precision of the probe No initial hadron effects
but not enough for flavor separation

— the umiversality of DZ; (2, 1)
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Complementary Processes

Semi-inclusive deep inelastic scattering: /N — fhX
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o ~ H(Q) ® f(x, 1) ® D(z, p)

Inclusive hadron production in hadron-hadron collision: pp — hX

, p
, /\/ q I
> > q
( )) X
> >
p ~ .
S
P
/

o~ H(Q) & f(x;, 1) ® f(x5, ) @ D(z, )
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Semi-inclusive Deep Inelastic Scattering

Semi-inclusive DIS: a final state hadron (P) 1s identified

* cnable us to explore the emergence of color /
neutral hadrons from colored quarks/gluons

e flavor dependence by selecting different types of g\

observed hadrons: pions, kaons, ... —X

* a large momentum transfer O provides a short-
distance probe

e an additional and adjustable momentum scale P,

* multidimensional imaging of the nucleon
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Structure Functions of SIDIS

SIDIS differential cross section
in terms of 18& structure functions

2 2 : P
Fy B, cxp, Z, PhT’ 0°) A: lepton pOZarlzc.ztzo.n
B: nucleon polarization

do C: virtual photon polarization
dxg dy dz dPZ, dgb, debs

= az y2 1 + ]/_2
xgy02 2(1 —¢) 2Xxg
X {FUU,T+€FUU,L+\/ 2¢(1 +e)F,,, P cos ¢y, + eF . 2Pr cos 2+ 1/ 26(1 — e)FlSJilr]1 i sin ¢,
+5, [\ ZeT@F O F " rsin ¢, + eF 2" sin 2¢h] +1,5, [\/1 Z€2F,,+4/2e(1 = ) F< cos ¢h]

+S; <Fg;(fh - ¢S)+€Flsji;’(zbh - ¢S)> sin (d)h — (/)S) + eFlsji;(% ) sin ((,bh + ¢S)

+€Flsji;(3¢h ~%5) gin (3¢h — ng) ++/2¢e(1 + €)Flsji;¢5 sin g +/2e(1 + G)FS;(zd)h ~95) gin (2q’)h — 4’5)]
+1,57 [\/ 1 - eze;S((ph ~¢s) COS (g{)h — (,bS)

++/2e(1 - e)Fz;S s cos s +1/2e(1 — e)Fz;S<2¢h = 9s) Cos (fo?h - ¢S)] }

Hadron h is unpolarized or its spin is not measured.
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TMD Parton Distribution Functions

Quark Polarization
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Transversity Distribution

Transversity distribution
Chiral-odd:

I , No mixing with gluons
1 - (Collinear & TMD) Valence dominant

Couple to another chiral-odd function.
A transverse .co.unter part to the longitudinal spin Effect in SIDIS:
structure: helicity g1, but NOT the same. transverse single spin asymmetry

: : Collins asymmet

Phenomenological extractions ( o+ )y ) , L

Sin

A TS~ h(x, k7) @ Hi (2, pr)
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— ] AM22
== JAM20+
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X
Z.-B. Kang, A. Prokudin, P. Sun, F. Yuan, PRD 93, 014009 (2016). JAM Collaboration, PRD 104, 034014 (2022).

Assuming vanishing transverse polarization of sea quarks!

Tianbo Liu 7 @) £ 77 )

SHANDONG UNIVERSITY, QINGDAO




Complementary Process

Semi-inclusive e e~ annihilation: ete” > hlth

d’o
dz,dz,d?P;, d cos 6
3ﬂa W
11> ) h h

=20 Zl 25 [(1 + COs 9) F 7+ sin” 6 cos (2¢0) FCollzlns]

In TMD region: h; and h, are near back-to-back, P, < Q Fih: ~ g @ HH
glon. /1, 2 > & hT Collins 1 1
Experimental measurements:
Belle: \/E = 10.58 GeV Phys. Rev.D 78 (2008) 032011; 86 (2012) 039905(E).
BaBar: \/E = 10.6 GeV Phys. Rev. D 90 (2014) 052003; Phys. Rev. D 92 (2015) 111101.
BESIIL: /s = 3.68 GeV Phys. Rev. Lett. 116 (2016) 042001.
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Transversity Distributions
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Reconfirmed by new COMPASS data.

Significant improvement on d and d distributions.

C. Zeng, H. Dong, TL, P. Sun, Y. Zhao, arXiv:2412.18324
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Collins Fragmentation Functions
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Comparison with Data

Comparison with BESIII
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Comparison with BaBar

Comparison with Data
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Comparison with Data

Comparison with BaBar
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Comparison with Data

Comparison with Belle
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Comparison with Data

Comparison with HERMES
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Comparison with Data

Comparison with HERMES
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Comparison with Data

Comparison with COMPASS
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Comparison with Data

Comparison with COMPASS
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Comparison with Data

Comparison with JLab HallA
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Imposing a Bound?

Question:

Whether we should impose the Soffer’s bound | A;(x) | < [f;(x) + g;(x)]/2 in the fit?
Similar situations in many other quantities.

A toy model test:

Input some “pol” function G(x) . Input

¢ X ; 4 \\\ Fit without bound
and “unpol” function F(x) 01507 o it e
Generate asymmetry “data”

G(x)

0.05f
Fit the “data” with or without

imposing the bound G(x) < F(x)

U

S

Ratio to input
S L o W

Imposing a bound in the fit may
bias the fit result!

C. Zeng, H. Dong, TL, P. Sun, Y. Zhao, arXiv:2412.18324
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How is the Hadron Produced?

What we know:
l [ A hadron, e.g. A, 1s observed in the final state,

B, with momentum P, (and polarization )
g\
What we do not know:

P — X Whether 1t was produced from the struck
quark/parton, the remnant of the target, or ...?

L=

Tianbo Liu 21
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SIDIS Kinematic Regions

In photon-nucleon frame O
nucleon moving forward

Yp
m m |
Q' q |
1
Hard|Transverse :
Momentum|- Current Region :
:
|
|
m 1
o T 4T m gt S )
9 Qa Q Q, Q \ :
TMD - Current Region Soft/Central Target Region,
Region :
|

< —
Y
[Figure from JHEP10(2019)122]
This is an ideal picture we imagined.
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SIDIS Kinematic Regions

At high energy limit: enough phase space for shower, to match the
quantum number of hadrons

Energy 1s mostly transferred to the struck quark, produced hadrons
dominated by current fragmentation

Tianbo Liu

23




Events Distribution

<x>=0.18

(Q?) = 3.7GeV?
COMPASS

1000

500

%2 01 0 01 02 03 04 05 06 07 08 xF —

In photon-nucleon frame, with nucleon moving backward.

No clear separation between current region and target region!
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Some Attempt

“R” criteria:

k2 k7
General hardness ratio: Ry = max 12, 02
Py -k R, small for current region
Collinearity ratio: R, = 2 b 5
P,k R small for target region
. (kf —q)° .
Transverse hardness ratio: R, = 0 R, small for TMD region
Pp
q b -7 : q -
7 2
ki, NN ki, NN
A, NI A, NN

NN
@) ) 5 L (# )
00/0«;._"1\“("‘é 3 , QINGDAO
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Analyze A Polarization

Decay channel: A — pr™—
branch ratio: 64.1 + 0.5%

parity violating weak decay
dN

d cos 0*
decay parameter: oy, = 0.748 £ 0.007

[Current PDG value]

x A (1 + ap Py cos0™)

Allow to measure the spin (polarization) of the produced A

valence component: | uds)
@ spin dominated by s quark

v

Sensitive to nucleon strange sea
and its polarization via SIDIS

COPS AT

NNNNNNNNNNNNNNNNNN , QINGDAO
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SIDIS with Polarized A

do Y .
dxdydzdg,dedP?, £ o, o
Pl h

B a’ y? 7_ , 4 Ph/

xy0? 2(1 — ¢) 2 T P

S \ @

X [J'UU_l'ShL‘/'UL"" ‘ShT‘ U.T gs
+5; (37' LUt SuF L+ ‘ ShT‘ F L,T) . z

+ ‘ST‘ <9T,U+Sth’T,L+ ‘ShT‘ ‘O/TT,T>

G A: target nucleon polarization
A.B B: produced hadron (A) polarization

&) )17 L @)
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TMD Fragmentation Functions

Quark Polarization

Un-Polarized Longitudinally Polarized Transversely Polarized

(V) (L) (T)

Dy = () Hi =(D-)

Unpolarized Collins
1
= (o= Hip =(2= ()
Helicity Worm-gear

| 1 | @ @
- — T t
Dl T @ @ Gl é é ransver5|
Sivers-type Worm-gear @ @

Pretzelosﬂy

Q—» Hadron Spin @ Quark Spin [Figure from TMD Handbook]
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Longitudinal Spin Transfer

Longitudinal polarized lepton beam on unpolarized nucleon target

A
th'_

[llustration of Di\L assuming current fragmentation:

// —

emission of preference to pick quark
polarized photon with certain helicity

Gy, (x. 0% 2) Gy~ f0) ® G(2)
Fyy (%, 0%2) Fyp~fH() & D (z)

transfer to A polarization
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Target vs. Current on Dz\L

Questions:
Whether TF can compete with CF contributions?

What 1s the expected effect by TF on D;; measurement?

Quark densities in the nucleon:
u,d > i,d>s,s

Current fragmentation:
favored channels: u, d, s

In the target nucleon remnant:
* ud, us, ds pairs have better chance to produce A than u, d, s
* considering quark densities in the nucleon, ud pair 1s expected the dominant channel

X. Zhao, Z.-t. Liang, TL, Y.-j. Zhou, Phys. Rev. Lett. 134 (2025) 231901.
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Target vs. Current on Dz\L

Questions:
Whether TF can compete with CF contributions?
What 1s the expected effect by TF on D;; measurement?

Spin-flavor wave function

1 1
A= —(ud)yos" + (us)god" — ——=(ds)you'

1
V3 V12 12

‘ 12
ﬂl “ +l \/z(us) dt — \/I(us) dl | - l \/Z(ds) ut — \/I(ds) ul
i v 2) 3 L1 3 1,0 > 3 1,1 3 1,0

In the target nucleon remnant:

* the target remnant 1s not directly polarized by the virtual photon

* but can indirectly learn the polarization as constrained by the nucleon wave function
* ud pair 1n a 1soscalar state 1s more likely to produce A and will be unpolarized

Expect: the target fragmentation will dilute/suppress the overall measured D, ;

X. Zhao, Z.-t. Liang, TL, Y.-j. Zhou, Phys. Rev. Lett. 134 (2025) 231901.
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Spin Transter Estimation

Compare with HERMES data

---- CF /,/’/ ¢ HERMES 2011 IOt
0.79F —— CF+TF e 0.75r § HERMES 2006 T
0.50 T 0.50f
~ ,;-”, T - ,,f’ _
N Bt e ~ el -
S i A o \{\ Q0.25) { { Lo } T
—T = ® (\ - ,I 1 T
0.00 = 0.00 1
) w o B
—0.250 | | | L —0.25F | |
0.0 02 04 06 0.8 0.2 0.4 0.6 0.8
X F Z

HERMES Collaboration, Phys. Rev. D 74 (2006) 072004; J. Phys. Conf. Ser. 295 (2011) 012114,
Longitudinal spin transfer D;; to A 1s significantly suppressed by target fragmentation
contributions, even at large x or z.
Including only the leading TF channel can describe the data well.
X. Zhao, Z.-t. Liang, TL, Y.-j. Zhou, Phys. Rev. Lett. 134 (2025) 231901.
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Spin Transter Estimation

Compare with JLab-CLAS data

1.00
---- CF =T
0.75F Ot T
40,500
~
A
0.25¢ E
.
0.00-1 f % % —
0.0 0.2 0.4
T

1.00 —
¢ CLASpreliminary —  _---"7" 7"
075
0.50F-"""
0.25r ¥ ; ¥
0.00 —— \
®
0.4 0.6 0.3 7.0
2
CLAS Collaboration, JPS Conf. Proc. 37 (2022) 020304.

At lower energies, the suppression effect becomes more significant.
Including only the leading TF channel can describe the data well.

X. Zhao, Z.-t. Liang, TL, Y.-j. Zhou, Phys. Rev. Lett. 134 (2025) 231901.

Tianbo Liu
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Spin Transter Estimation

Compare with COMPASS data

0.75F ---- CF ¢ COMPASS A * The suppression effect reduces at
—— CF+TF £ COMPASS A higher energies, as expected.
0.50 * Including the leading TF channel
alleviates the tension, but still
3 0.25 deviates from data.

~ * Need detailed analysis including

0.00 more channels.
—0.25

e For A production, target

' ' fragmentation cannot compete with

0.0 0.2 0.4 .
. current fragmentation.
F e Only current fragmentation can
COMPASS Collaboration, Eur. Phys. J. C 64 (2009) 171. describe the data

X. Zhao, Z.-t. Liang, TL, Y.-j. Zhou, Phys. Rev. Lett. 134 (2025) 231901.
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Spin Transfer to >~ Hyperon

Spin-flavor wave function

1 1 1 2
2 = —(ud), o' — —(us), od' ——(ds); gu' - i(udh s+ (us), ,d*
3 ’ 6 ’ 6 ’ 3 ’ 3\/5 ;
I' : 2 p_ 1 T
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Summary

* Deep inelastic scattering 1s a powerful tool to study parton distribution and fragmentation
functions.

At existing fixed-target SIDIS experiments, one cannot clearly separate the current and
target fragmentation regions of A production events.

* Spin is a sensitive observable to deepen our understanding of hadronization mechanism.

 Target fragmentation plays an important role in understanding spin-related observables, such
as the spin-transfer that has been measured by HERMES and COMPASS, JLab-CLAS.

* Global analysis of fragmentation functions including SIDIS data should carefully consider
the target fragmentation effects.

 Electron-positron collision, free from target fragmentation, has unique advantage in
measuring current fragmentation functions, although not enough for flavor separation.

* More opportunities at future facilities STCF, EicC, HIAF and other facilities worldwide.

Thant you!
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Lepton-Hadron Deep Inelastic Scattering

Inclusive DIS at a large momentum transfer Q> Agep

e dominated by the scattering of the lepton off Modern “Rutherford” experiment.

l!

an active quark/parton
* not sensitive to the dynamics at a hadronic /

scale ~ 1/fm
g\

e collinear factorization: o x H(Q) ® f(x, 1) —

e overall corrections suppressed by 1/0"

e indirectly “see” quarks, gluons and their

dynamics DIS Lo st

e predictive power relies on ncomng
electron
— precision of the probe By oo
> @

— universality of f(x, u)
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Transversity Distributions

Fit world data
[ Fit world data & COMPASS (2022)
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C. Zeng, H. Dong, TL, P. Sun, Y. Zhao, arXiv:2412.18324
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Collins Fragmentation Functions

Fit world data
I Fit world data & COMPASS (2024)

A A
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C. Zeng, H. Dong, TL, P. Sun, Y. Zhao, arXiv:2412.18324
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Tensor Charge

Tensor charge
(P, S |pic*"ysy|P,S ) = gl.u(P,S)ioc* ysu(P,S) gl =

» A fundamental QCD quantity: matrix element of local operators.
 Moment of the transversity distribution: valence quark dominant.
 Calculable 1n lattice QCD.

1
[h9(x) — hY(x)] dx

e Phenomenology » Lattice QCD o Phenomenology Lattice QCD
od ou 8T
- ROCD (2023)
" - QCDSF/UKQCD/CSSM (2023) - QCDSF/UKQCDI/CSSM (2023)
" ETM (2021) - NME (2022)
" i Alexandrou et al. (2020) PACS (2022)
" ™ Gupta et al. (2018) - ETM (2021)
. o Bhattacharya et al. (2016) Fard xOCD (2020)
- - Abdel — Rehim et al. (2015) - Alexandrou et al.(2020)
. \ . Zeng et al. (2024) e Hasan et al. (2019)
' b Gupta et al.(2018)
—— e JAM (2023) . " Zeng et al. (2024)
i i D Alesio et al. (2020) . JAM(2023)
[ SR Benel et al. (2020) e D' Alesio et al. (2020)
1 e Radici et al. (2018) ————— Benel et al. (2020)
. T S Lin et al. (2018) i Radici et al. (2018)
. e Ye et al.(2017) . | Linetal.(2018)
—— —— Kang et al. (2016) —— IY{e etal. (210 lzz))16
. e Radici et al. (2015) i ang et al. (2016)
Goldstei 1 (2014 ; N Radici et al. (2015)
s ——s—— Goldstein et al. (2014) ; . , Goldstein et al. (2014)
e e Anselmino et al. (2013) . , Anselmino et al. (2013)
‘ — Without COMPASS 2024 | Without COMPASS 2022
R —— With COMPASS 2024 —_— With COMPASS 2022
-1.50 -0.75 0.00 0.75 1.50 -0.5 0.0 0.5 1.0 1.5 2.0

Larger uncertainties when including anti-quarks (less biased)
Compatible with lattice QCD calculations C. Zeng, H. Dong, TL, P. Sun, Y. Zhao, arXiv:2412.18324
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Kinematic Analysis

Basis tensors:

pse = L gov, prpy, PUpy), prpy, c(naPPipr) c{naPPipr) } »
\ g = g _ 91
( 2
S TS q
hlf}ﬂv — { plu PZ]’ GMVCIP, €quPh} b
q2

Polarization dependent scalars and pseudoscalars:

{GPPth, P -S,q- S} {GPPthh,P W Sh}

{S i (P Sy) (P~ S)s (Py-S) (q-S3)s (P-S,)(q-5), (q-S)(g-$),
€PPhSSh’ €PqSSh, €PthSh, €PPthh(S . q)}

Combination of basis tensors and spin-dependent scalars/pseudoscalars
gives the complete set.

K.-b. Chen, W.-h. Yang, S.-y. Wei, Z.-t. Liang, Phys. Rev. D 94 (2016) 034003;
J. Zhao, Z. Zhang, TL, Z.-t. Liang, Y.-j. Zhou, Phys. Rev. D 109 (2024) 074017.
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SIDIS Cross Section with Polarized A

Longitudinally polarized A

1 ° . 1 . in?2
unpolarized nucleon:  F,, =/2e(T+¢) sin ¢, F;0 ¥ + e sin 245, F >

4
+, <\/1 Ze2Gy, ++/2e(1 — &) cos ¢hG;;f’z¢h)
longitudinally polarized nucleon:
FrL=Fl +eFF, +4/2e(1 + €) cos ¢, F o
| 5

+£cos 2¢,F, % 27 + 1,/2e(1 — &) sin ¢, G} ¥

transversally polarized nucleon:

F 1 = COS (gbh ¢T) < preostn=an) 4 8F££OS(¢h_¢T)>

+y/26(TF8) (cos P + cos (2, — i) Fiy 1)

+e (0o (¢, + dp) Fyo ") + cos (3¢, — o) F °°S(3¢h M) 9
+4, [m sin (¢, — pr) G2\ =0

+/2e(T =) (sin ngG;f;jd’w sin (2, — ) Gy ) |

J. Zhao, Z. Zhang, TL, Z.-t. Liang, Y.-j. Zhou, Phys. Rev. D 109 (2024) 074017
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SIDIS Cross Section with Polarized A

Transversally polarized A
unpolarized nucleon: #,;=sing,; (Fj3""+eF )
+\/m (Sin (¢ ¢hT) Sln(¢h ") 4 sin (én + bur) Sln<¢h+¢”>>

+e (sin (2¢h ¢hT) s1n(2¢h ¢hT) + sin <2¢h + ¢hT) s1n(2¢h+¢hT)>

+4, [\/ 1 — &2 cos GGy i 0

+4/2e(1 — ¢) (cos ((/5 ¢hT) COS(¢” i) + cos ((/ﬁh + gth) G;f;(‘ﬁ“qs”))]
longitudinally polarized nucleon:

o _ Tcos ¢y,r L cos ¢,r
F 1 = COSPyr (FL’T +eF

+y/2e(T + ) (COS (6 — dur) F: cos(d)h ) + cos (¢ + ) cos(¢h+¢hT>>

te (COS (2¢h ¢hT) cos(2¢h b )+ cOS (2¢h+ q’)hT) COS(2¢h+¢hT)>

+2, [\/ [ &2 sin gy, G 9
+y/2e(0 =) (sin (, = ur) Gy ™) 4 sin (4, + o) ““<¢h+¢hT>)]

J. Zhao, Z. Zhang, TL, Z.-t. Liang, Y.-j. Zhou, Phys. Rev. D 109 (2024) 074017
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SIDIS Cross Section with Polarized A

Transversally polarized A

transversally polarized nucleon:
Frr = cos (¢, — ur — Pr) ( Freostn=dir=dr) FLCOS(‘/)h Pur = ¢T)>

+c0s (¢, + yr — ¢T)< Freosntdir=dn) FLCOS(¢h+¢hT d’T))

+1/2¢(1 + ¢) <cos (nr — ng) COS(¢hT ) + cos (nr + &7) F ;OTS<¢”T+¢T)

+COS <2¢h _ ¢hT ¢T) coS(2¢h ¢hT—¢T) + COS <2¢h 4 d)hT ¢T) cos(2¢h+gth gl)T))

e (005 (9= dur+ ) Fry @70 cos (¢ + i+ ) F ;";@“4’”*‘” 18

1 cos (34)}1 _ d)hT ¢T) COS(3¢h bur — ¢r) + Cos <3¢h+¢hT ¢T) cos(3¢h+¢hT ng))

\/28(1 —¢) (sm <¢hT ¢T) Sm(¢h ¢r) + sin (¢hT + ¢T) ;1;<¢hT+¢T)

+sin (2¢h_¢hT ¢T) s1n(2¢h bur — ¢r) + sin (2¢h+¢hT d)T) sm(2¢h+¢hT ng))
VT (sin (¢, = dyr — br) Gp ™™ P74 L sin (g, + = ) Gy ™ ¢T>)]

J. Zhao, Z. Zhang, TL, Z.-t. Liang, Y.-j. Zhou, Phys. Rev. D 109 (2024) 074017
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Fracture Functions

Correlation function

q/{/,/l/,/ I q
S

d4
M (k;P,S; Py, Sy) = Y J (2754 (P, S| P(0) | PrSy: X) (Py Sy X| &) [P, S)
X

decomposition with Dirac matrices:
1 . .
M = B <cS’I + Wﬂ}//“‘ + .Qfﬂ}//“‘}/S + 1Pys + l?/"wa””;g)

leading-twist terms can be projected by: ", vTys, o i+}’5

M. Anselmino, V. Barone, A. Kotzinian, Phys. Lett. B 699 (2011) 108.
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A Polarization Lepton-Hadron Scattering

Neutrino scattering experiments

£ L
G.T. Jones et al. Birmingham-Bonn-CERN-London- ot - k \ | 015 ’ |
Munich-Oxford, Z. Phys. C 28 (1985) 23. 02 02
WAS9 Collaboration, Z. Phys. C 53 (1992) 207. 025 * 025
E632 Phys. Rev. D 50 (1994) 6691. oa 03
NOMAD Collaboration, Nucl. Phys. B 588 (2000) 3. w2 038 |
NOMAD Collaboration, Nucl. Phys. B 605 (2001) 3. A longltudmal T transverse

045 1" 08 06 04 02 0 02 04 06 08 1 .1 08060402 0 02 04 06 08 1

Xp

Xp

NOMAD Collaboration, Nucl. Phys. B 588 (2000) 3.

TABLE VI. A Polarization. The z axis is along the W boson direction in the A rest frame. The
other two axes are perpendicular to the W, with the y axis being transverse to the production
plane, and the z axis inside the production plane.

Reaction [Ref.] P; P, P,
v-Ne [This expt.] —0.38 +0.16 —0.04 + 0.17 —0.17 £ 0.18
v-Ne [15] —0.56 +0.13 —0.02 +0.13 0.08 + 0.13
v-p [26] —0.10 +0.14 —0.02 +0.16 0.12 +0.15
v-p [26] —0.24 £ 0.17 —0.05 + 0.16 —0.20 + 0.17
v-Ne, zr < 0 [This expt.] —0.43 +0.20 —0.06 £ 0.19 —0.45+0.19
v-Ne, zr < 0 [15] —0.63 +0.13 —0.02 +0.14 0.12+0.14
v-p, zr < 0 [26] —0.29 +0.18 —0.09 + 0.19 0.19 +£0.18
v-p, zF < 0 [26] —0.38 +0.18 0.02 +0.18 —0.17 +0.18
K° control sample [This expt.] —0.02 + 0.08 0.10 + 0.08 —0.10 + 0.08

E632 Phys. Rev. D 50 (1994) 6691.
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Spin Transfer with Polarized ¢/u Beam

Longitudinal polarized e/u beam

. <Dg 0-3; + HERMES data
on unpolarized target i ’ . oLhsiz dat
E665 Collaboration, Eur. Phys. J. C 17 (2000) 263. of I I I
HERMES Collaboration, Phys. Rev. D 74 (2006) 072004. E b ' ]
COMPASS Collaboration, Eur. Phys. J. C 64 (2009) 171. : I |
CLAS Collaboration, JPS conf. Proc. 37 (2022) 020304. e
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Longitudinal Spin Transfer

Longitudinal polarized lepton beam on unpolarized nucleon target
Fyr~Hhx) & Di(z)
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Structure Functions in Target Region

FL =) erxz— MZU(xCP ) GZU= e2xg— AM,{‘U(xCP )
a h a h
¢ ¢
FZL = /¢ xB MI}fL (x g, P ) G&L =€ xB AMZL (x ¢, P )
a a
P? cos(¢y, — br) _ 2 P 2
feos ¢ h hl sk 2 G = ——AM O, P
! Ze xB M (x, &P ) + " —=M} (x,(,P7)) T.U - eaxBZh m, TV (x. &, P7y)
2 COS(¢h—¢hT) — 2 C PhJ— h 2
Teos(2dy—br—dur) _ N 2. 5 Dhl 3 ) G = ) esxp———AM}(x,{,P
FT,T ( h T hT) — eaxBZ—h 2 MTT (X, C, PhJ_) u,r - z, M, UT( hJ_)
h
a
Tsin(¢, — 1) _ 2 ¢ P h 2
Tsin(¢, — ¢d7) _ 2 Z: PhJ_ h 9) G = e XB——AM ( ,C,Ph
Fru h=r) = “a xBZh my, Ty T (x, S Phl) o Zp My, l)
Tsm gz’)h h 9
Tsi - ¢ Py ex——AM ¢, P
FU,s;n(fﬁh ¢hT) = — e2xB - M{Z]T (x, C, P%J) Z BZh my, TL( hJ_)
p n My )
i P
cos(¢p, — dr) _ o § Py 2 Gsm(qu—thT) — . & AM! P2 YN Y P’
F v =) e XBZ_h?hMLT< >C,PhJ_) T.T 4 € xBZh TT(x’ s hJ_) + m? TT (x, G hJ.)
a
2
cos(d, — dur) _ 2 &P, 2 sin(2¢y, — 7 = b)) _ _ 2. & Piy h 2
FT,L( =) _ €aXB_ MTL (x’ C; PhJ_) GT,T( h 9r = 1) - €4 Xp— AMTT( e Ph_]_)
p lp My g 3y mh

Py
(=L
P
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Modeling the Fracture Function

A diquark model estimation of the fraction function

Effective vertex (baryon-quark-diquark): gs U1 + g, Uy*~5A Y+ h.c.

.o,/

— Xxf1,-model

0.8: — Xxf14-model
JR14

XF 14(x)

0.2F

0.0 1.0

model parameters tuned to match

proton unpolarized PDF model result of fracture function
X. Zhao, Z.-t. Liang, TL, Y.-j. Zhou, Phys. Rev. Lett. 134 (2025) 231901.
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