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Coefficient functions and cross section computation handled by APFEL++ library  [V. Bertone, arXiv: 1708.00911] 
NNPDF31_nnlo_pch_as_0118 PDF set for SIDIS cross section 
Heavy-quark mass effects treated within ZM-VFNS
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Q
[G
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SIA

SIDIS

SIA       Range in  spans from  to  

             Datasets delivered as the sum of  and  
              

SIDIS   Measurements for neutral- and charged-current  

             Data provided separately for  and     
             

s 10 GeV MZ

Λ Λ̄

Λ Λ̄

Experiment
→
s [GeV] N!+!̄

dat

SIA

ARGUS 10.0 16

Belle 10.52 15

TASSO14 14.0 3

TASSO22 22.0 4

TASSO33.3 33.3 5

TASSO34 34.0 7

TASSO34.8 34.8 10

TASSO42.1 42.1 4

CELLO 35.0 7

MARK II 29.0 13

HRS 29.0 12

SLD 91.2 15

91.2 8

91.2 8

91.2 8

ALEPH 91.2 25

DELPHI91 91.2 10

OPAL 91.2 15

Experiment
→
s [GeV] N!

dat +N !̄
dat

Neutral-Current SIDIS

CHIO 20.6 3 + 4

EMC 23.5 4 + 3

E665 30.3 3 + 3

H1 1996 300 2

ZEUS 10↑40 319 1

ZEUS 40↑160 319 2

ZEUS 160↑640 319 4

ZEUS 640↑2560 319 3

ZEUS 2560↑10240 319 1

Charged-Current SIDIS

WA59 9.2 6 + 0

NOMAD 9.3 6 + 7

ABCMO 23.5 4 + 0

Total 241

2
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(  ranges and  given by the single experiments) taking into account our selection criteriay Wmin
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Process Q range z range

SIA

→
s < MZ

Q =
→

s
0.075 < z < 0.9

→
s = MZ 0.02 < z < 0.9

SIDIS

! , dω
dz 0.3 < z < 0.9

!̄, dω
dz Q ↑ 1 GeV 0.2 < z < 0.9

dω
dxF

0.1 < z < 0.9

Table 3: Kinematic constraints imposed for SIA and SIDIS data. For the former, we

separate the processes for values of
→

s. For 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.

are made for the ZEUS bins at low Q
2, specifically for 10 GeV2

< Q
2

< 40 GeV2 and

40 GeV2
< Q

2
< 160 GeV2, we set the allowed range to 0.4 < z < 0.8 and 0.3 < z < 0.8,

respectively. For 160 GeV2
< Q

2
< 640 GeV2, we set 0.1 < z < 0.8. All these kinematic

choices are summarised in table 3. The kinematic coverage of the resulting dataset included

in the fit is shown in figure 3. For SIDIS, plotted values correspond to the average Q for

each bin.

10�1 1

z

101

102

Q
[G

eV
]

SIA

SIDIS

Figure 3: 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 average Q for each bin.

The CHIO dataset includes an uncertainty whose nature is not specified and which

we treat as uncorrelated. Both the TASSO (at 34.8 GeV and at 42.1 GeV) and the

ZEUS datasets list experimental values with asymmetric uncertainties. We treat these

data following the procedure defined in ref. [64].

– 9 –

If no  is provided,  Qmax Qmin ≤ Q ≤ ymax s
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The adopted statistical framework relies on Monte Carlo sampling method, which 
propagates experimental uncertainties in the parameters of the FFs.   

The FF set consists of  replicas.  Nrep = 100

FFs parametrised in terms of a one-layered feed-forward 
neural network   at the initial scale of 𝒩i (z, θ) μ0 = 5 GeV

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

DΛ
1,ū = DΛ

1,d̄ = DΛ
1,s̄

DΛ
1,c+

DΛ
1,b+

DΛ
1,g

architecture [1,10,7]  
97 parameters
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 at NLO,  at NNLOχ2 = 1.10 χ2 = 1.09
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CHIO !̄ 4 1.11 1.03

EMC ! 4 1.19 0.83

EMC !̄ 3 0.12 0.47

E665 ! 3 0.50 0.48

E665 !̄ 3 1.00 1.27

H1 !!̄ 2 1.18 1.01

ZEUS !!̄ 10-40 1 < 0.01 < 0.01

ZEUS !!̄ 40-160 2 0.61 0.75

ZEUS !!̄ 160-640 4 1.07 0.81

ZEUS !!̄ 640-2560 3 0.46 0.37

ZEUS !!̄ 2560-10240 1 0.03 0.03

WA59 ! 6 0.34 0.33

NOMAD ! 6 1.36 1.85

NOMAD !̄ 7 0.14 0.18

ABCMO ! 4 4.05 3.05

ARGUS 16 1.49 1.55
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TASSO 14 3 0.23 0.23
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ALEPH 25 0.48 0.44
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OPAL 15 1.04 1.04

SLD 15 0.24 0.25

SLD UDS 8 2.30 2.02

SLD C 8 2.31 2.19

SLD B 8 0.50 0.80

Total 241 1.10 1.09

1

Quality of the fit stable when going at NNLO 
Slight improvement for the majority of the datasets
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• Light quarks exhibit a slight positive shift going at NNLO
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• Strange quark uncertainty reduced when increasing perturbative accuracy  
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Baseline:                                       z DΛ
1,i(z, μ0) = 𝒩i (z, θ) − 𝒩i (1,θ) χ2 = 1.09

Positivity imposed:                z DΛ
1,i(z, μ0) = (𝒩i (z, θ) − 𝒩i (1,θ))2 χ2 = 1.16
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• Tendency of up quark replicas at low  to become negative for the baseline fitz
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1,ū = DΛ

1,d̄ = DΛ
1,s̄

DΛ
1,c+

DΛ
1,b+

DΛ
1,g



QCD Evolution 2026Alessia Bongallino

Summary

15

• Global analysis at next-to-next-to-leading order of 

perturbative accuracy of the collinear unpolarised FFs for  
hyperons

Λ

• 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 flavours.

0.00

0.05

0.10

0.15

0.20

0.25

0.30

zD
§ 1,

i(
z,

Q
)

Q = 5 GeV

MAPFF1.0 §

zD§
1,u

zD§
1,d

zD§
1,s

0.2 0.4 0.6 0.8 1.0

z

0

5

10

D
§ 1,

i/
D

§ 1,
d

z

DΛ
1,u

DΛ
1,d

DΛ
1,s

DΛ
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All results are obtained using the code available at 
https://github.com/MapCollaboration/MontBlanc/tree/Lambda

The extracted FFs will be made available in the LHAPDF format as 
MAPFF10NLOLambda and MAPFF10NNLOLambda

https://github.com/MapCollaboration/MontBlanc/tree/Lambda

