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Introduction
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[Kane, Pumplin, Repko 1978]

Collinear
pQCD

Spin and transverse momentum effects expected negligible at high energies.

Single Spin Asymmetry (SSA) at partonic level:

Experimental Data: 

SSAs at hadronic level:
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Contents
• TMDs FF with Helicity Formalism

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

SSAs closely related to our understanding of:
• Strong interaction/confinement
• Inner structure of hadron in terms of 

quarks and gluons
• Hadronisation processes

Correlation between intrinsic transverse momenta and spin, 
leading to a generalisation of PDFs and FFs,

with asymmetric azimuthal distributions.

TMD PDF

TMD FF
Hadronic cross 
sec.

Partonic cross sec.

TMD factorisation

DOI: 10.1103/PhysRevLett.122.042001

New Data in 𝑒+𝑒− from Belle: 150 data points

Benefits:
• No PDFs - Cleaner process
• Lambda self-analysing
• TMD Factorisation proven

Lambda Polarising FF: 
first extraction !
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Helicity Formalism: TMD Fragmentation Functions for quarks
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From Quark Polarisation to Hadron Polarisation

Helicity density matrix
8 independent TMD Fragmentation Functions

Hadron h.m.
Parton h.m.
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From Quark Polarisation to Hadron Polarisation

Helicity density matrix
8 independent TMD Fragmentation Functions

Unpolarized FF

Hadron h.m.
Parton h.m.
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Helicity Formalism: TMD Fragmentation Functions for quarks
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From Quark Polarisation to Hadron Polarisation

Helicity density matrix
8 independent TMD Fragmentation Functions

Collins FF

Hadron h.m.
Parton h.m.
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From Quark Polarisation to Hadron Polarisation

Helicity density matrix
8 independent TMD Fragmentation Functions

Polarising FF

Hadron h.m.
Parton h.m.



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

Polarisation vector

Scattering Amplitudes TMD Fragmentation Functions

Helicity matrices

Advantages:
• hadron 2 allows to weight the FF of 

hadron 1 from (anti)quark 1 ;

Example:
• h1 :Λ(u,d,s) – h2: π+(u,dbar) ;  
Enhancement of Λ from d quark (at moderate z) 
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Polarisation: 𝑒+𝑒− → ℎ↑1ℎ2𝑋 The polarisation is measured along:

The polarisation projection along ො𝑛 :

Experimental configuration:

• Polarisation measured perpendicularly to 
the plane of the 2 hadrons

• Matching between theory and experiment
• Data depends only on Energy Fraction z

This projection depends deeply on the kinematical variables



Fit: Lambda-pion
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• Red line : Λ𝜋−

• Blue line : Λ𝜋+ 𝑧Λ bins : (0.25,0.35,0.45,0.6) Preliminary



Fit: Lambda-kaon
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• Red line : Λ𝐾−

• Blue line : Λ𝐾+

𝑧Λ bins : (0.25,0.35,0.45) Preliminary



Polarising FFs
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• Up 
• Down
• Strange
• Sea

Preliminary

up vs. down: 
• different normalisation and shape

(improve the fit)
• Relative opposite sign
• Comparable size at intermediate z
• Faster decrease of up w.r.t down at large z 

(cancellation vs. role of electric charges)   

strange
• dominant at large z
• small at low z 

sea
• Large at small z

z

𝑧
∗
Δ
D
(z
)



Conclusions
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Outlook

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

• Functional form of the polarising FF

• Complete helicity formalism within a TMD approach for 𝑒+𝑒− → h1(jet)𝑋 and 𝑒+𝑒− → ℎ↑1ℎ2𝑋
• First extraction of Lambda Polarising FF from Belle data : D’Alesio, Murgia, Zaccheddu
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The polarisation is measured along: The polarisation projection along ො𝑛 :

Exp. Datas depend only on energy fraction 𝑧1, 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 :



31

FF properties
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Polarisation: 𝑒+𝑒− → ℎ↑1ℎ2𝑋 The polarisation is measured along:

The polarisation projection along ො𝑛 :

Experimental data depend only on energy fractions, 𝑧:

We introduce for the FF the following parametrisations:

z dependence Gaussian dependence on 𝑝ꓕ

Data depends only on Energy Fraction z



Phenomenology and Fit
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Polarising parametrization:

Flav.

u

d

s

sea

8 parameters

• Normalisation factor:        , |     | < 1 
• Shape for high and low z: 

Unpolarized FF

Fitted Parameters Value

Nu 0.51 + 0.09

Nd -0.45 + 0.09

Ns -0.30 + 0.10

Nsea -1.00 + 0.25

𝛼𝑠 1.6 + 0.3

𝛽 𝑠𝑒𝑎 6.1 + 0.6

𝛽𝑢 3.0 + 0.3

𝑝⊥ 0.11 + 0.03

Data selection to Fit:
• Lambda-hadron
• 100 data points

Minimisation method:
MINUIT

• Λ(u,d,s) (+ h)

• h =  𝜋(u,d) 
• h = 𝐾(u,s)

Preliminary


