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Introduction
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• TMDs FF with Helicity Formalism
• 𝑒+𝑒− → h1(jet)𝑋

• 𝑒+𝑒− → ℎ↑1ℎ2𝑋
• Phenomenolgy
• Preliminary Fits

Contents
Benefits:
• No PDFs
• Cleaner process
• TMD Factorization proven

• Transverse Lambda polarisation in high-energy inclusive 
processes: a long standing open issue

• Proton-proton data: large polarisation that cannot be explained
within collinear factorisation in QCD at leading twist 

• First phenomenological studies within a TMD scheme: 
Anselmino, Boer, D'Alesio, Murgia (2001)

New Datas in 𝑒+𝑒− from Belle: 150 data points
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Helicity Formalism: TMD Fragmentation Functions for quarks
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Quark Polarisation States
determine the Hadron ones

Helicity density matrix

Amsterdam notation:

Collins

Polarizing

8 independent Fragmentation Functions



Polarisation: 𝑒+𝑒− → h1(jet)𝑋
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Polarisation measured along: It coincides with:

Polarisation given along the hadron helicity axes:



Polarisation: 𝑒+𝑒− → h1(jet)𝑋
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It is possible to extract
directly

Lambda Polarising FF

Only two possibile cross sections



Polarisation: 𝑒+𝑒− → ℎ↑1ℎ2𝑋
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Polarisation given along the hadron helicity axes:

Kinematics
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The polarisation is measured along: The polarisation projection along ො𝑛 :

Exp. Datas depend only on energy fraction 𝑧1, 𝑧2



Polarisation: 𝑒+𝑒− → ℎ↑1ℎ2𝑋
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In order to obtain the polarisation we
firstly calculate the polarisation along
the Y and X helicity axes: 
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We use for the FF the following parametrisations:

We find an expression for the polarisation that
depends only on the energy fractions 𝑧1 𝑎𝑛𝑑 𝑧2
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Phenomenology
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From datas we can extract different information, particularly:

• Λ 𝑗𝑒𝑡 𝑋 : Lambda polarising width

• Λ𝜋𝑋 :  Polarising FF (u,d)

• Λ𝑘𝑋 : Polarising FF (u,s)

Polarising parametrization:

Fitted parameters: Since we did not have a set of FF that separates the Λ and ഥΛ :



Global Fit
Polarisation: Λ(𝑗𝑒𝑡)
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Datas cut for 𝑧 > 0.5 : Λ 𝑗𝑒𝑡 , Λ𝑘

Global Fit
Nu 0.21 + 0.01

Nd -0.44 + 0.03

Ns -0.37 + 0.08

Nsea -0.26 + 0.03

𝛼 1.7 + 0.3

𝛽 2.4 + 0.4

𝑝⊥ 0.11 + 0.06

Preliminary



Global Fit
Polarisation: Λ𝜋
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Datas cut for 𝑧 > 0.5 : Λ 𝑗𝑒𝑡 , Λ𝑘

Preliminary



Global Fit
Polarisation: Λk
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Datas cut for 𝑧 > 0.5 : Λ 𝑗𝑒𝑡 , Λ𝑘

Preliminary
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Polarisation: Λ𝜋

Datas cut for 𝑧 > 0.5 : Λ 𝑗𝑒𝑡 , Λ𝑘

Fit: associated production only

Preliminary



Fit: associated production only
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Polarisation: Λk

Datas cut for 𝑧 > 0.5 : Λ 𝑗𝑒𝑡 , Λ𝑘

𝚲h
Nu 0.33 + 0.14

Nd -0.9 + 0.3

Ns -0.6 + 0.3

Nsea -0.6 + 0.2

𝛼 1.5 + 0.3

𝛽 2.7 + 0.6

𝑝⊥ 0.06 + 0.02

Preliminary



Fit: associated production only (fixed gaussian width) 
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Polarization: Λ𝜋

Datas cut for 𝑧 > 0.5 : Λ 𝑗𝑒𝑡 , Λ𝑘

Preliminary



Fit: associated production only (fixed gaussian width) 
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Polarisation: Λ𝑘

Datas cut for 𝑧 > 0.5 : Λ 𝑗𝑒𝑡 , Λ𝑘

𝚲h (fixed gaussian width) 

Nu 0.18 + 0.01

Nd -0.49 + 0.03

Ns -0.31 + 0.07

Nsea -0.34 + 0.06

𝛼 1.5 + 0.3

𝛽 2.9 + 0.5

𝑝⊥ 0.11

Preliminary



Conclusions
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• Global fit : 
• Associated fit with no Lambda jet:
• Associated fit with no Lambda jet, fixing width:

Lead to different width

What’s next?

• Different choices of the Gaussian width for the unpolarised and/or the polarising FF: z dependence, flavour
dependence.

• Functional form of the polarising FF.
• Predictions for proton-proton and comparison with existing data and previous extractions 
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TMD Formalism and  Azimuthal Asymmetries
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Generalization of PDF and FF including a 
Transverse Momentum Dependence. Sivers 1991

Collins 1993

Correlation Spin - 𝑘⊥

8 TMD- PDF

8 TMD- FF
TMD Formalism

Spin ½ Hadron:

Collinear pQCD

3 PDF

3 FF

Correlation Azimuthal distribution - Spin 

PDF

FF
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Spin and transverse momentum effects were
considered negligible.

But Experimental Data show 

[Kane, Pumplin, Repko 1978]

Collinear pQCD

Single spin Asymmetry (SSA) 

Spin and TMD Effects
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Cross Sections and Polarization States for 𝑒+𝑒− → ℎ↑1ℎ2𝑋

Polarizing FF



Measured along: 
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Observation of Transverse Λ Hyperon Polarization in 𝑒+𝑒−

Annihilation at Belle  (2018) 

Measurement for Λ polarization in:

• 𝑒+𝑒− → Λ jet X
• 𝑒+𝑒− → Λ 𝜋X

Benefits:
• TMD factorization is valid;
• NO PDF
• Extraction Polarizing FF

Transverse Polarization predicted in the 
Helicity Frame of the Hadron
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FF properties



Helicity Scattering Amplitudes
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Cross Sections
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