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• Deep inelastic scattering  (DIS) • Semi-inclusive deep 
inelastic scattering   (SIDIS)

How to “see” the nucleon structure ?

detected

detected

Introduction
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• Current Fragmentation Region  (CFR)

• Target Fragmentation Region  (TFR)

• The structure of 𝚲 particle & production process

𝑃ℎ𝐿 is the projection of the final-state hadron momentum 
onto the direction of the 𝛾∗-momentum in the 𝛾∗𝑁 center-
of-mass frame, 𝑊 is invariant mass.

𝑥𝐹 =
2𝑃ℎ𝐿
𝑊

Λ: 𝑢𝑑𝑠; 𝑠 =
1

2
; Λ → p𝜋, 𝐵𝑅 = 64.1 ± 0.5 % ; 𝑀 = 1.116𝐺𝑒𝑉

Introduction



COMPASS

Introduction

COMPASS at CERN

Distribution of 𝚲 in SIDIS: 𝚲 longitudinal spin transfer:   Eur.Phys.J.C 64 (2009) 171-179

HERMES at DESY

𝐐𝟐 = 𝟑. 𝟕𝐆𝐞𝐕𝟐

CLAS12 at JLab



Outline
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• The kinematic analysis

• Spectator diquark model calculation 

• Numerical estimate

Longitudinal spin transfer of 𝚲 Polarization in SIDIS:
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γ∗𝑵 collinear frame

Differential Cross Section
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Unpolarized  P and Λ

Polarized  P 
Unpolarized  Λ

Unpolarized  P 
Polarized  Λ
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13

13
FZXY

Z: lepton; X: nucleon; Y: Λ
U: unpolarized; L: longitudinal; 

T: transvers

Differential Cross Section
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Polarized  P 
Polarized  Λ

41

Differential Cross Section



Spin asymmetry ：

CFR

9

QCD factorization：

Polarized  P 
Unpolarized  Λ

Unpolarized  P&Λ

Unpolarized  P 
Polarized  Λ

Polarized  P 
Polarized  Λ



Structure Function &PDFs⊗FFs
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Numerical Estimate
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◆ Longitudinal Spin Transfer 𝑫𝑳𝑳 in current fragmentation region:

CT18NLO PDF 
Progress in the CTEQ-TEA NNLO

global QCD analysis

DSV FFs
Phys.Rev.D 57 (1998) 5811-5824
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X

Target Fragmentation Region  (TFR)



T F R
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◆The fracture matrix M

decompose it on a basis of Dirac structures：

Dirac Struture：

Five Vectors：

the most general      
decomposition of M

Use                             to pick out the leading-twist terms 
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𝑋: nucleon; Y: Λ hyperon
∆𝑀: longitudinally polarized quark

𝑀𝑋𝑌
ℎ

Differential Cross Section



Fracture Functions
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Spectator Diquark  Model
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p

Parton distribution function Target Fragment
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Model Calculation

Eur. Phys. J. C75 (2015) 3, 132

—— JR14

Q0
2 = 0.5 GeV2  
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Model Calculation



Numerical Estimate
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◆ Longitudinal Spin Transfer  𝑫𝑳𝑳(𝒙)

COMPASS data from Eur. Phys. J. C64, 171-179 (2009)

at ത𝑄2 = 3.7 𝐺𝑒𝑉2, ҧ𝑧 = 0.27

𝑫𝑳𝑳
𝜦 in CFR (dashed line)  and  CFR+TFR (real line):

HERMES data from J. Phys. Conf. Ser, 295,02114 (2011)

at ത𝑄2 = 2.4 𝐺𝑒𝑉2, ҧ𝑧 = 0.45



Numerical Estimate
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◆ Longitudinal Spin Transfer 𝑫𝑳𝑳(𝒛)

𝑫𝑳𝑳
𝜦 in CFR (dashed line)  and  CFR+TFR (real line):

HERMES data from J. Phys. Conf. Ser, 295,02114 (2011)

CLAS12 data from JPS Conf. Proc. 37, 020304(2022) 

at ത𝑄2 = 2.4 𝐺𝑒𝑉2, ҧ𝑥 = 0.088
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Numerical Estimate

𝑫𝑳𝑳
𝜦 in CFR (dashed line)  and  CFR+TFR (real line):



Summary
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Thank you!

• We derived the general form of cross section for spin-1/2 hadrons, and obtained 

expressions of structure functions at the leading twist in CFR and TFR.

• We studied the contribution from TFR to the Λ production in SIDIS and perform the 

estimation to quantitatively demonstrate the effect by diquark model. 

• We estimated the spin transfer 𝐷𝐿𝐿, while considering the TFR, our calculation 

results can explain the COMPASS, HERMES and CLAS12 data reasonably.
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Back up



Spectator  Model
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p

nucleon-quark-diquark vertex:

the polarization sum:
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DSV scenario1 DSV scenario2 DSV scenario3

Lambda:

Lambdabar:


