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Fragmentation Functions (FFs)

What fraction of the initial parton momentum are
carried by hadrons?

FFs are a fundamental ingredient in the framework 
of QCD, to calculate the cross section for any 
process that involves the measurement of a hadron 
in the final state.

Eur. Phys. J. C (2021) 81:25619 July 2024
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Nature Phys 13, 535–539 (2017).

CDF pp̄ √s=1.96 TeV

Multi-strange Hadrons

Phys. Rev. D 88, 092005 (2013)

 BKK96: 
     Phys. Rev. D 53, 3573 (1996)

 AKK05:
     Nucl. Phys. B 734, 50 (2006)

 AKK08:
     Nucl. Phys. B 803, 42 (2008)

 SAK20:
      Phys. Rev. D 102, no.11, 114029 (2020)
   
    

19 July 2024

The distribution of hadrons containing strange quarks
has been documented at various center-of-mass 
energies, both at the LHC and at the Tevatron.
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‌

BESIII Measurements

Phys.Rev.Lett. 130 (2023) 23, 231901

19 July 2024

The comparison of the normalized 
differential cross section of the 
inclusive  production with 
predictions from NNFF1.0 at NNLO 
precision and DSS at NLO precision.This energy range is not well-covered by previous experimental data.
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Experimental Data

BESIII

Omitting just 8 data points
  = 346 

Kinematic cut: 
0.013 ≤ z≤ 0.9

except for two BESIII datasets
 Q = 2.2324 and 2.4 GeV

Kinematic range of the experimental SIA data in the (z, Q) plane used to 
determine the KS0 FFs.

N dat
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 Theoretical Setup

FFs

Coefficient functions up to 
NNLO in pQCD

DGLAP evolution equation

Time-like splitting functions

 Inclusive production of single hadrons
Quarks and hadrons are massless

19 July 2024

z=2Eh/√s
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Hadron Mass Corrections

Hadron mass effects are introduced by employing light-cone 
coordinates and can be taken into account by using a modified 
scaling variable η instead of z

theory predictions 
of this work

Differential cross section of the hard sub-
process with parton a, calculated in pQCD

Hadron mass

With this change of variables we can express the cross section as

19 July 2024

Ratio η/z as a function of z at five representative 
values of Q.

Eur.Phys.J.A 52 (2016) 10, 316

More details about deriving the formulas:
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Neural Network Parametrization

(1 - 25 - 6)

 1 node in the input layer  which is the value of z

 1 hidden layer, and we pick 25 nodes
 
 6 output nodes, one for each combination of FFs 206 parameters

to be fitted to the data

We use the open source framework 
MontBlanc in all the analyses performed 

in this work
 https://github.com/MapCollaboration/MontBlanc

19 July 2024

https://github.com/MapCollaboration/MontBlanc
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Experimental data and our predictions

Comparison between the  production cross section calculated at NNLO accuracy and 
experimental data from different experiments. The lower panels show the data/theory 

ratios.
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Comparison between the  production cross section calculated at NNLO accuracy and 

experimental data from different experiments. The lower panels show the data/theory ratios.
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Comparison FFs

The FF24 at NLO accuracy obtained for various partons at Q = 91.2 GeV. The shaded bands represent estimates derived from 
the Monte Carlo method. Results from SAK20 [Phys. Rev. D 102, no.11, 114029 (2020)], DSS17 [Phys. Rev. D 95, no.9, 094019 

(2017)], and AKK08 [Nucl. Phys. B 803, 42 (2008)] at NLO accuracy are also included for comparison.
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The FF24 at NNLO accuracy obtained for various partons at  Q = 91.2 GeV. The shaded bands represent estimates 
derived from the Monte Carlo method. Results from SAK20 [Phys. Rev. D 102, no.11, 114029 (2020)] and NNFF1.0 

[Eur. Phys. J. C 77, no.8, 516 (2017)] are also included for comparison.

Comparison FFs
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SAK20 and FF24-

In order to see how the BESIII data affect the 
determination of FFs, we compare data with 
predictions obtained from both our previous 
SAK20 [Phys. Rev. D 102, no.11, 114029 
(2020)] FFs and the new FF24-   at NLO 
accuracy .

We observe large differences between data and 
SAK20 predictions over the full range of z and 
for all energies. 

19 July 2024
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Conclusion

https://github.com/hashamipour/FF24_K0S_LHAPDF

✓Integration of the latest experimental data from BESIII.

✓Focusing exclusively on SIA observables to accurately determine the quark FFs 
of  .

✓Utilizing neural networks to parameterize the fragmentation functions, aiming 
to minimize theoretical bias.

✓ 

 

19 July 2024

https://github.com/hashamipour/FF24_K0S_LHAPDF
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Backup

Quark and antiquark FFs always appear through the combinations. 
Therefore, SIA measurements are not sensitive to the separation 
between quark and antiquark FFs.

The leading contribution to the gluon coefficient function C2,gS is O(as), 
Hence the gluon FF directly enters the fragmentation structure function 
starting at NLO.

19 July 2024



Maryam Soleymaninia (IPM) 17

K : replica number
 
θ : set of weights and biases in NN

T: theoretical prediction

       : Pseudo-data for replica k  

19 July 2024
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The short-lived neutral kaon is called the K ِ^0_S ("K-short"), decays primarily 
into two pions, and has a mean lifetime 8.958×10−11 s.

19 July 2024
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To incorporate the hadron mass effects we use a specific choice of scaling 
variables. For this purpose, it would be helpful to work with light-cone (L.C) 
coordinates, in which any four-vector V is written in the form of 

Considering the L.C coordinates, the four-momenta of particles are expressed as

The variable η is now a more convenient scaling variable for studying hadron mass effects, 
because it is invariant with respect to boosts along the direction of the hadron’s spatial 
momentum (Z-axis). 



Maryam Soleymaninia (IPM) 20

 While small-z resummation is not explicitly addressed in our present 
analysis, we acknowledge its importance and plan to explore it in future 
investigations.

We plan to extend our analysis to include data from 
the production of K^0_S particles in proton collisions.  

19 July 2024
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