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Definitions 

Fragmentation refers to the inclusive 
production of hadrons without any assumptions 
concerning the hadronisation mechanisms.  

Whenever a specific hadron is identified in the 
final state, its associated fragmentation 
functions (FFs) appear as non-perturbative 
ingredient of factorised cross-section.

From A. Vossen’s talk

FFs denoted by  encodes the hadronisation of a parton of type  into a hadron of 
type , where the hadron carries the fraction  of the parton momentum. 

Processes considered 

Single-inclusive charged pion production in electron-positron annihilation (SIA) 



Semi-inclusive deep-inelastic lepton-nucleon scattering (SIDIS) 
 

Dh
i (z) i

h z

e+ + e− → π± + X

e− + N → e− + π± + X

https://indico.cern.ch/event/557400/contributions/2372701/attachments/1374524/2086519/FCC_ee_VossenV3.pdf
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Experiment Prc Obs
ALEPH SIA M
BABAR SIA M
BELLE SIA X
DELPHI SIA M and TM
OPAL SIA M
SLD SIA M and TM

TASSO SIA M and X
TOPAZ SIA M

TPC SIA M
COMPASS SIDIS M
HERMES SIDIS M

10°2 10°1 1
z

1 1

101 101

102 102

Q
[G

eV
]

SIA

SIDIS

Not fitted

X: Cross section

M: Multiplicity

TM: Tagged Multiplicity
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Cross section:

Structure functions: ̂

̂
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Cross section ( ):Q ≪ MZ
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Coefficient functions (NLO, n =1):

Integrated multiplicities: 

Exact charge conjugation:

ZM-VFNS with inactive flavours NOT set to zero below their threshold (inactive = do not evolve 
with DGLAP below their threshold) —  GeV and  GeV.mc = 1.51 mb = 4.92

NNPDF31_nlo_pch_as_0118 PDF set used for SIDIS predictions.
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APFEL++

MAP_FF1.0: NNAD & ceres-solverNangaParbat 
(chi-square, covariance,  
sampling, etc.)

̂σ ⊗ PDF ⊗Preds =

FFs
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The Gaussian assumption:

Covariance Matrix: 

Replica generation:
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Parameterisation:

7 flavours assuming a partially symmetric sea

Analytic derivatives for minimisation (NNAD)

6 flavours [SU(2) isospin symmetry + partially symmetric sea]  deterioration of the fit quality 
11 flavours [no symmetries]  overly redundant

→
→
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cross-validation and stopping:

Every fit of a data replica is performed with a different PDF MC member in the SIDIS theory prediction 
Ensuring the propagation of PDF correlated uncertainties. 

However, the contribution of these uncertainties to the fit turned out to be very mild (see appendix)

The minimisation is carried out 
by means of ceres-solver 

in particular the trust region 
Levenberg–Marquardt algorithm 

 
Relying on the knowledge of the 
analytic derivatives of the neural 

network itself via NNAD
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If the COMPASS data is excluded from the fit, the SLD charm-tagged data can be 
satisfactory fitted. 

The tension is due to the enhancement of the charm FF caused by COMPASS leading 
to a  for SLD charm-tagged data. 

The suppression of , also leads to a deterioration of the uds-tagged measurement 
from both DELPHI ( ) and SLD ( ) but these are moderate.

χ2/N ≃ 6

u+

χ2/N = 2.84 χ2/N = 2.05
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Results — SIDIS validity region 
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 decreases with , confirming that perturbation theory works better for larger values of 
the hard scale . 

HERMES can be described down to  GeV, but COMPASS quickly deteriorates which is 
particularly emphasised by the large number of data points the latter has. 

Based on this investigation we chose to restrict the SIDIS phase space by  GeV in the fit.
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Framework 
MAPFF1.0 is a determination of charged pions collinear FFs from SIA and SIDIS data based on the 
Monte Carlo method at NLO accuracy

7 independent flavours are parameterised in terms of a neural network and fitted to data by means of a 
trust-region algorithm relying on the analytic derivatives of the neural network itself. 
 

Results 
The global  as well as the  of all the single data sets included in the fits are fully satisfactory.

the resulting FFs are almost insensitive to the treatment of PDFs uncertainties and central values.

The inclusion of SIDIS data worsened the description of SLD charm-tagged data, which was removed.

COMPASS plays a vital role in constraining and separating FFs flavours. However, HERMES, despite 
the limited number of points, has a noticeable impact on FFs.

The  on SIDIS, guarantees a reliable applicability of NLO accurate predictions to the SIDIS 
data set.


 
 
 
 
 
 
 
 
 
 
 
 
 
 

Future steps 
Extension to charged Kaons, proton/anti-proton and charged unidentified hadrons FFs.

An accurate determination of the collinear FFs is instrumental to a reliable determination of transverse-
momentum-dependent (TMD) distributions (See Valerio’s previous talk)… This connection will be 
potentially explored in future work.

χ2 χ2

Qcut = 2

Public code https://github.com/MapCollaboration/MontBlanc 
LHAPDF sets https://lhapdf.hepforge.org/

https://github.com/MapCollaboration/MontBlanc
https://lhapdf.hepforge.org/


Thank you!
https://github.com/MapCollaboration

https://github.com/MapCollaboration
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Impact of PDF uncertainties
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