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Introduction

2

Describe the non-perturbative hadronisation of a quark or a gluon into 
an observed hadron.

Universality    Extraction from different processes⟶

Collinear unpolarised fragmentation functions 

Carry information on the fraction  of longitudinal momentum that the 
hadron has inherited from the parent parton.

z

• New experimental measurements 

• Increasing accuracy in calculation 

Dh
1,i(z)
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Describe the non-perturbative hadronisation of a quark or a gluon into 
an observed hadron.

Universality    Extraction from different processes⟶

Collinear unpolarised fragmentation functions 

Carry information on the fraction  of longitudinal momentum that the 
hadron has inherited from the parent parton.

z

• New experimental measurements 

• Increasing accuracy in calculation 

Next-to-next-to-leading order of perturbative accuracy  

   SIA        [Rijken, van Neerven (1996, 1997)] 

   SIDIS    [Bonino, et al., Phys. Rev. Lett. 132 (2024) 251901,   Goyal et al., Phys. Rev. Lett. 132 (2024) 251902] 

   pp          [M. Czakon, Phys. Rev. Lett. 135, (2025) 17]

Dh
1,i(z)

Increasing accuracy in calculation
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Introduction

3

Pions and kaons are the most studied extractions.  Improving the determination of FFs  is essential to 
achieve a more complete understanding of the hadronisation process.

Lightest strange baryon :  hyperon Λ

MAPFF1.0_Λ (2026) SIA,  
SIDIS (NC and CC)

✓ Λ, Λ̄
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Theoretical framework
Single-inclusive electron-positron annihilation

5

Λ(PΛ)

dσh

dz
=

4πα2(Q)
Q2

Fh
2(z, Q)

Fh
2(z, Q) =

1
nf

nf

∑
q

̂e2
q(Q)[CS

2,q (z, αs(Q)) ⊗ Dh
1,Σ (z, Q) +CNS

2,q (z, αs(Q)) ⊗ Dh
1,NS (z, Q) + CS

2,g (z, αs(Q)) ⊗ Dh
1,g (z, Q)]

          

  

Q2 = q2 z =
2Ph ⋅ q

Q2

s = Q

e+(k1) + e−(k2) → Λ(PΛ) + X

SIA kinematics 

Differential cross section

Fragmentation structure function 

De Florian et al, Phys. Rev. D 57, 5811 (1998)  
NNPDF Collaboration, Eur.Phys.J.C 77 (2017) 8, 516 

DΛ
1,p
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Theoretical framework
Semi-inclusive deep-inelastic scattering

6

d3σ
dxdQdz

=
4πα2

xQ3
[Y+FT(x, z, Q) − 2(1 − y)FL(x, z, Q) + lℓY−xF3(x, z, Q)]

 Q2 = − q2 x =
Q2

2p ⋅ q

z =
P ⋅ Ph

P ⋅ q
y =

Q2

xs

FΛ,k
i (x, z, Q) = ∑

p,p′￼

Ck
pp′￼

(x, z, Q) ⊗ fN
1,p(x, Q) ⊗ DΛ

1,p′￼
(z, Q)

ℓ(k) + N(P) → ℓ(k′￼) + Λ(PΛ) + X

SIDIS Kinematics

Differential cross section

Fragmentation structure function within collinear factorisation  (Q ≫ ΛQCD)

,     k = γ, W± i = L, T,3
L. Bonino et al., JHEP 10 (2025) 016

Ck
pp′￼

∝ epep′￼
, V2

CKM

DΛ
1,p′￼

fN
1,p

Λ(PΛ)
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Experimental data 

8

Experiment Observable
→
s [GeV] Ndat(!+ !̄)

ARGUS 1
ωεh

dε
dz 10.0 16

Belle dε
dxp

[nb] 10.52 15

TASSO14 s
ω

dε
dz [µb] 14.0 3

TASSO22 s
ω

dε
dz [µb] 22.0 4

TASSO33.3 dε
dp [pb] 33.3 5

TASSO34 s
ω

dε
dz [µb] 34.0 7

TASSO34.8 s
ω

dε
dz [nb] 34.8 10

TASSO42.1 s
ω

dε
dz [nb] 42.1 4

CELLO 1
ωεh

dε
dz 35.0 7

MARK II s
ω

dε
dz [nb] 29.0 13

HRS s
ω

dε
dz [nb] 29.0 12

SLD 1
εh

dε
dxp

91.2 15

1
εh

dε
dxp

|uds 91.2 8

1
εh

dε
dxp

|c 91.2 8

1
εh

dε
dxp

|b 91.2 8

ALEPH 1
εh

dε
dxp

91.2 25

DELPHI91 1
εh

dε
dxp

91.2 10

OPAL 1
εh

dε
dz 91.2 15

Total 185

Table 1: SIA datasets included in the analysis. We list the experiments and their ob-

servables. We also report the centre-of-mass energy and the number of data points per

experiment after applying the selection criteria. GS: I wonder whether we should not bring

some more order to this list?

:

table[t!]

1

SIA

S. Albino, et al. Nucl. Phys. B 803 (2008), 
NNPDF Collaboration, Eur. Phys. J. C 77 (2017) 516

z(xp, MΛ) = xp 1 +
4M2

Λ

x2
ps

xp =
pΛ

pb
=

2pΛ

s

Hadron mass corrections
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Experimental data 
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Process Type Q2 limit z range

SIA

→
s < MZ

Q2 ↑ 1GeV2 0.075 < z < 0.9
→
s ↑ MZ 0.02 < z < 0.9

SIDIS ! , dω
dz 0.3 < z < 0.9

!̄, dω
dz Q2 ↑ 1 GeV2 0.2 < z < 0.9

dω
dxF

0.1 < z < 0.9

Table 2: Kinematic constraints imposed for SIA and SIDIS data. In the former, we

separate the processes for values of
!

s. In the latter, we rely on the natural separation

of the regions given by xF to impose a less restrictive constraint, while for cross sections

di! erential in z we exclude a larger region at low z.

Experiment Observable
→
s [GeV] Constraints Ndat(!) +Ndat(!̄)

Neutral-Current SIDIS

CHIO 1
NDIS

dN! ,ø!
dz 20.6 0.08 < y < 0.93 3 + 4

EMC 1
NDIS

dN! ,ø!
dxF

23.5
0.07 < y < 0.9

W > 4 GeV
4 + 3

E665 1
NDIS

dN! ,ø!
dxF

30.3
0.1 < y < 0.85

W > 10 GeV
3 + 3

H1 1996 1
NDIS

dN! + ø!
dxF

300 0.05 < y < 0.6 2

ZEUS 10↓40 1
NDIS

dN! + ø!
dxP

319 0.04 < y < 0.95 1

ZEUS 40↓160 1
NDIS

dN! + ø!
dxP

319 0.04 < y < 0.95 2

ZEUS 160↓640 1
NDIS

dN! + ø!
dxP

319 0.04 < y < 0.95 4

ZEUS 640↓2560 1
NDIS

dN! + ø!
dxP

319 0.04 < y < 0.95 3

ZEUS 2560↓10240 1
NDIS

dN! + ø!
dxP

319 0.04 < y < 0.95 1

Charged-Current SIDIS

WA59 1
NDIS

dN!
dxF

9.2
y < 0.89

W >
→
5 GeV

6 + 0

NOMAD 1
N! ,ø!

dN! ,ø!
dz 9.3

y < 0.89

W >
→
2 GeV

6 + 7

ABCMO 1
NDIS

dN!
dz 23.5

y < 0.93

W > 1.5 GeV
4 + 0

Total 56

2

SIDIS

z(xF, MΛ) ≃
xF

2
1 + 1 +

4M2
Λ

x2
FW2

Hadron mass corrections

 Restricting to   
for proper SIDIS analysis 

xF > 0

xF =
2pΛ,L

W
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Constraints and kinematics

10

10! 1 1
z

101

102

Q
[G

eV
]

SIA
SIDIS

• If no  is provided,  
 

•  allows a good separation between target 
and fragmentation regions 

• More likely for  to get contributions from 
target fragmentation region 
 

Qmax
Qmin ≤ Q ≤ ymax s

xF

Λ

Kinematic coverage of the included datasets 

Process Type Q2 limit z range

SIA
!

s < M Z Ð
0.075 < z < 0.9

!
s = M Z 0.02 < z < 0.9

SIDIS ! , d!
dz 0.3 < z < 0.9

ø! , d!
dz Q2 " 1 GeV2 0.2 < z < 0.9

d!
dx F

0.1 < z < 0.9

Table 3 : Kinematic constraints imposed for SIA and SIDIS data. In the former, we
separate the processes for values of

!
s. In the latter, we rely on the natural separation

of the regions given byxF to impose a less restrictive constraint, while for cross sections
di! erential in z we exclude a larger region at lowz.

Exceptions are made for the ZEUS bins at lowQ2, speciÞcally for 10 GeV2 < Q 2 < 40 GeV2
202

and 40 GeV2 < Q 2 < 160 GeV2, setting the range to 0.4 < z < 0.8 and 0.3 < z < 0.8,203

respectively. All these kinematic choices are summarised in table3. The kinematic coverage204

of the resulting data points included in the Þt is shown in Þgure2. For SIDIS, the plotted205

values correspond to the averageQ for each bin.206

10! 1 1
z

101

102

Q
[G

eV
]

SIA
SIDIS

Figure 2 : Kinematic coverage in the (z, Q) plane of the included datasets. Red circles
depict SIA data, while light blue diamonds label the included SIDIS data points, which
are plotted at the averageQ for each bin.

In general, measurements are not provided necessarily di! erential in z, but other ap-207

propriate variables. In SIA, they are often expressed in terms ofxp, deÞned in section2.1.208

This is handled following the procedure outlined in refs. [26, 38], i.e., computing the di! er-209

ential cross sections multiplied by a Jacobian factor that includes corrections arising from210

Þnite hadron masses. Likewise, in the case of SIDIS, if data are not di! erential in z, we211

need to expressz as a function of xF or xP , deÞned in section2.2. In particular, when the212

Ð 9 Ð
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Fit Methodology

12

z

H1

H2

H10

N1

N7

N6

N5

N4

N3

N2

⋮

input node:!
momentum fraction

output nodes:!
independent flavours

hidden layers !
with sigmoid 

activation function!

z DΛ
1,i(z, μ0 = 5 GeV) = 𝒩i (z, θ) − 𝒩i (1,θ)

One-layered feed-forward Neural Network   𝒩i (z, θ)

DΛ
1,u, DΛ

1,d, DΛ
1,s, DΛ

1,ū = DΛ
1,d̄ = DΛ

1,s̄, DΛ
1,c+, DΛ

1,b+, DΛ
1,g

f + = f + f̄

Parameterisation

Architecture [1,10,7], !
97 parameters

The statistical framework relies on Monte Carlo sampling method, 
the FFs sets consist of  Monte Carlo replicasNrep = 100
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Fit Methodology

13

z DΛ
1,i(z, μ0 = 5 GeV) = 𝒩i (z, θ) − 𝒩i (1,θ)

   One-layered feed-forward Neural Network   𝒩i (z, θ)

Parameterisation

Minimisation  
 
 
   Levenberg-Marquardt algorithm for minimisation implemented in Ceres Solver  
   NN parameterisations and gradients provided by the NNAD library 
   Cross-validation to avoid overfitting, with a training fraction of % 
 
 

Heavy-quark mass effects treated within the ZM-VFNS scheme, ,  
The NNPDF31_nnlo_pch_as_0118 PDF set is  matched to the FF one

50

mc = 1.51 GeV mb = 4.92 GeV

z

H1

H2

H10

N1

N7

N6

N5

N4

N3

N2

⋮
χ2(k) ≡ (T(θ(k)) − x(k))T C−1 (T(θ(k)) − x(k))

Architecture [1,10,7], !
97 parameters



The MAPFF1.0_  fitΛ
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Results
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 at NLO,  at NNLOχ2 = 1.10 χ2 = 1.09

Experiment Ndat
! 2 per point ! 2 per point

NLO NNLO

Neutral-Current SIDIS
CHIO ! 3 0.56 0.55

CHIO ø! 4 1.11 1.03

E665 ! 3 0.50 0.48

E665 ø! 3 1.00 1.27

EMC ! 4 1.19 0.83

EMC ø! 3 0.12 0.47

H1 ! ø! 2 1.18 1.01

ZEUS ! ø! 10-40 1 < 0.01 < 0.01

ZEUS ! ø! 40-160 2 0.61 0.75

ZEUS ! ø! 160-640 4 1.07 0.81

ZEUS ! ø! 640-2560 3 0.46 0.37

ZEUS ! ø! 2560-10240 1 0.03 0.03

Charged-Current SIDIS
ABCMO ! 4 4.05 3.05

NOMAD ! 6 1.36 1.85

NOMAD ø! 7 0.14 0.18

WA59 ! 6 0.34 0.33

SIA
ALEPH 25 0.48 0.44

ARGUS 16 1.49 1.55

Belle 15 1.13 1.26

CELLO 7 0.52 0.51

DELPHI 91.2 10 2.62 2.58

HRS 12 0.82 0.82

MARK II 13 1.47 1.47

OPAL 15 1.04 1.04

SLD B 8 0.50 0.80

SLD C 8 2.31 2.19

SLD UDS 8 2.30 2.02

SLD 15 0.24 0.25

TASSO 14 3 0.23 0.23

TASSO 22 4 0.48 0.49

TASSO 33 5 0.78 0.78

TASSO 34 7 0.57 0.56

TASSO 34.8 10 2.79 2.75

TASSO 42.1 4 1.13 1.12

Total 241 1.10 1.09

Table 4 : List of datasets, their number of included data points after applying the kinematic
constraints, as well as their! 2 per data point at NLO and at NNLO.

Ð 13 Ð
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D
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NLO vs NNLO
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Positivity
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Positivity
Replicas comparison 
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Comparison at NLO with other FFs
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Summary
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• Global analysis at next-to-next-to-leading order of perturbative accuracy of the collinear 

unpolarised FFs for  hyperons.  

• The fit is based on experimental data from SIA and  both neutral-current and — for the first 
time — charged-current  SIDIS.  

• Statistical framework based on the Monte Carlo sampling method and FFs parameterisation 
in terms of a neural network that comprises a total of seven independent parton flavours. 

• First determination for the  and  separately, offering new insights into the hadronisation 

mechanism of strange baryons and establishing a baseline for future phenomenological 
investigations.
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